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SURROUND YOURSELF 

WITH THE SPIRITS OF GREAT MEN 

and let, them inspire you 

and point the way 

to YOUR SUCCESS 

Your success in life does not depend upon the 
amount of money you have, or the completeness of your 
present education. Great men of history and many of 
our present day capitalists started life /ithout much 
money or education, struggled for knowledge when know- 
ledge was very hard to get and did not permit a lack of 
money to discourage them. They set their sights on a 
definite objective and fought for that objective until 
they reached it. In other words, they had the will to 
succeed and stuck to what they started. 

Richard Arkwright, a poor barber without an educa- 
tion, who shaved his customers for a penny each, amassed 
a fortune ,of two and one-half million dollars, was 
knighted by a king for his inventions in spinning and 
won an immortal place in history as Sir Richard 
Arkwright. 

Henry Ford, the son of a hard working Michigan 
farmer, conceived the idea of the 'horseless carriage' 
and in spite of being ridiculed as the 'crazy inventor', 
overcame many obstacles and became one of the wealthiest 
men of modern times.. 

The accomplishments of such men cannot help but 
inspire you to greater effort and stimulate your desire 
for YOUR success. That is why this same page in each 
following lesson will be devoted to true success stories 
and other stories that will help you avoid the pitfalls 
which lie between YOU and the kind of a job that will 
enable you to enjoy life's pleasures. We feel that it 
is our responsibility to train you right, inspire you, 
cheer you and guide you over the time worn trail that 
leads to SUCCESS. 

Copyright 1942 

By 
Midland Radio 8 Television 

Schools, Inc. PRINTED IN U.S.A. 
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Unit One 
Nt. 

FUNDAMENTALS 
of 

ELECTRICITY and RADIO 
When undertaking the study of a new subject, most of us have a 

tendency to hurry. We are prone to skim. through the elementary and 
fundamental parts inour desire to acquire knowledge covering ad- 
vanced design and operation. 

Many young men who have taken up Radio as their life's profes- 
sion have found their advancement retarded because of their lack of 
a thorough and complete understanding of the fundamental principles. 
Because of'this situation, I as going to start you out just as though 
you did not have any knowledge of Radio or Television.. First, you 
will study lessons pertaining to fundamental electrical theories. 
It is upon thése theories that all.Radio and Television functions 
are based. 

As soon as yóu have' covered the fundamentals of electricity, 
you will take up the study of the Vacuum Tube. The Vacuum Tube and 
its many, many uses will then constitute the major portion of your 
course of study. First, the Vacuum Tube will be used 'in simple 
circuits. I will describe not only the circuits associated with 
Vacuum Tubes, but also other circuits which apply to Radio and Tele- 
vision fundamentals. Gradually, I will combine these circuits.and 
then the crowning achievement of this unit will be the combination 
of the various circuits constituting the modern Radio Receiver. 

I assure you that it is necessary for you to have a thorough 
knowledge of all of the various components which go to make up a 

modern Radio Receiver before it will be possible for you to under- 
stand the complicity of a complete set. After you have completed 
Units I and II, you will be ready to actually build and operate a 
superheterodyne receiver. Thirty lessons are in this unit. 

_ 



Lesson One 

YOUR INTRODUCTION 
to A 

RADIO and TELEVISION 
"In taking up the study of any new subject, it is always advis- 

able to first secure an insight into the history and development of 
that subject.. Therefore, in this lesson, I am going to give you 

a short history of the development of Radio and Television. 
"Another necessity in being able. to grasp a subject fully and 

comprehensively is to have an outline or a review of the subject you 
are going to study. In this lesson, you will find a short story on 

the workings of Radio andTelevision apparatus. The balance of your 
study will then consist of learning the details of this interesting 
story. 

"The latter part of this lesson is devoted to a fewhints on how 
to study and how to secure the most from your studies. Suggestions " 
will also be given for the preparation of your examination papers." 

Your desire to train yourself fora job in Radio andTelevision 
places you on the threshold of one of the most fascinating and prom- 
ising industries known to the world today. Looking back to the year 

1920, we find that Radio Broadcasting was just being introduced to 

the public, ushering in a new era of entertainment, advertising and 

prosperity, while Television was still an undreamed-of possibility 
While Radio's advent was modest, its appeal was tremendous 

voices and music out of the air Twentieth Century magic that 

scored a popularity "bulls -eye". The demand for broadcasting ser- 
vice and receivers sky -rocketed.. A new industry .had been created 

an industry that swept the phonograph into obsolescence and 
produced an. over -night "mushroom" growth of service shops, Radio 
stores and factories. 

When thé call for trained men was sounded over the entire na- 
tion, Opportunity knocked upon'door after door. But few were able 
to answer Opportunity's call simply because the majority lacked the 
necessary training. Those young men that were prepared to enter 

this great new industry came mostly from the ranks of the experi- 
menters and amateur wireless operators fellows that had the 

foresight to visualize the future of "wireless", or, as we know it 
today, Radio. 

Radio has become one of the world's largest industries. It 

employs thousands upon thousands of men. Yet it is still in its 

infancy. Millions of dollars are being spent on Radio research work 
With the result that many heretofore undeveloped phases of the in- 
dustry are being conquered and developed commercially. Every new 
development opens fresh markets and brings added opportunity to the 

man that is trained to take.advantage of them. One of the most im- 
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portant of the new developments is TELEVISION, a scientific marvel 

that will do for Radio what sound did for motion pictures. 

Regardless of whether you are an experienced Radio man or have 

had no experience at all, you can secure immense benefits fran our 

carefully prepared, modernized plan of Radio -Television training 

a plan whose sole purpose is to make it possible for ynu and 

other ambitious young men to enter one of the most fascinating in- 

dustries known to the world today. Radio -Television engineering 

is a highly respected profession, and cue who car truly call him- 

self a trained Radio -Television technician is entitled to consider 

himself a professional in the world's comme,ce. 
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Perhaps you can remember a few years back when we laughed at 

the absurdity of being able to hear people talk thousands of miles 

away without the aid of wires. When the first broadcasting stations 

went on the air, skeptics claimed that it was merely a novelty that 

would "never amount to a row of pins".. Today, practically every 

American home has a Radio receiver, and the number of Television 

Receiver equipped homes is rapidly increasing. Citizens of civi- 

lized nations throughout the world no longer are satisfied with sound 
only. They demand the combination of sight and sound. They want 

to see the performers that they have been hearing for several years. 

When the public demands something, they get it. Today, the demand 

for Television Receivers is so great as to assure a gigantic market 

as Television broadcasting service is extended to all parts of our 

nation. 
Few people have ever really stopped to consider the scope of 

the industry that you are about to enter. They accept the marvels 

of their Radio receiver without second thought. In fact, all of us 

are inclined to take most things for granted. When you turn your 

Radio receiver on in the evening and tune in a program originating 

in a studio hundreds or thousands of miles away, do you realize the 

vastness of the industry that made such entertainment possible? 

There are thousands of factories turning out Radio equipment 

and supplies. Each factory usually hasits own research laboratory 
where engineers and scientists work day and night so that the equip- 

ment manufactured may be elevated to a higher standard of perfection. 

Then there are thousands of Radio service shops and retail stores, 

as well as hundreds of broadcasting stations. An army of people are 

required to operate the factories, shops, stores and broadcasting 

stations. The training that you are just beginning can make it poss- 

ible for you to enter this great, new industry, to earn a substan- 

tial living, enjoy the pleasures of life and at the same time enable 

you to do the kind of work that you actually enjoy. 

When Radio was first introduced to the people of the United 

States, it was a highly specialized field and practically no plant 

was equipped to manufacture the apparatus needed. Today, there are 
hundreds of such plants, but all of these will require changes in 

manufacturing equipment, as well as the addition of trained men so 

they can manufacture the new Television Receivers now being placed 

on the market. Skilled workers, designing engineers, shop foremen, 

service and maintenance men, broadcasting engineers and many others 

are going to be needed in greatly increasing numbers as the demands 

of the American public are met and Television broadcasting facili- 

ties are greatly expanded. 

Perhaps you are not interested in the manufacturing side of 

Radio -Television, but would prefer one of the very interesting jobs 

around a Radio or Television Broadcasting Station. Highly special- 

ized and trained individuals are needed in these jobs because the 

mistake of one man may ruin the entertainment of millions. The 

control room of a modern broadcasting station, such as shown on 

page 2, is the nerve center of all broadcasting activities. The 

training you are just starting can prepare you to operate such 

equipment. The work is intensely interesting and the pay is good. 
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Perhaps you would be more interested in becoming the transmit- 

ter man of a large broadcasting station. We show here the trans- 

mitter room of a modern 5,000 watt broadcasting station. On the 

right is the 5,000 watt transmitter which is in use 1$ hcurs a day. 

On the left is an auxiliary 2,500 watt transmitter which is switched 

in whenever a failure occurs in the large transmitter. You cannot 

deny the desire to be in charge of equipment such as this and to 

know that the entertainment of thousands of persons depends on you. 

The science of Television is going to make Radio work doubly 

enjoyable. One of the jobs that we know you will want to fill is 

that of a Television cameraman so that you may participate in the 

dramatic performances of Television broadcasts. On page 5 is a view 
of one of the most modern Television studios. It looks similar to 

the sound stage used by the motion picture industry. Can't you pic- 

ture the enjoyment of operating such equipment, especially when be- 

ing paid substantial wages for your efforts? 
The usefullness of Radio is not restricted to advertising and 

entertainment. It plays a very important part in the world's com- 

merce. There are many opportunities for you in this rapidly expard- 

íng industry other than broadcasting, servicing or manufacturing. 

We will list a few of them for you. 

MARINE RADIO. The Radio Operator of a ship enjoys the same 

privileges as a ship's officer, for his job is recognized as one of 
great importance. The Marine Radio Operator, or as he is frequeit- 
ly called, "Sparks", not only has the satisfaction of knowing that 

he is classed as a ship's officer, but the added satisfaction of 

realizing that hundreds or even thousands of lives are dependent 
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upon his skill and loyalty to his job. Probably all of us have read 
with great interest, thrilling accounts telling how "Sparks" stuck 
to his post until the last minute, saved the lives of many persons 
aboard his ship and how he became the hero of the day. If you have 
a secret desire to travel and see the world, Marine Radio operating 
will offer you plenty of opportunity to realize your ambition. 

Life on board the modern ocean liner has undergone a radical 
improvement since Radio's advent. Now it is possible for passen- 
gers to talk to relatives at home, they dance to the melodious tunes 
of American and European orchestras, they receive up-to-the-minute 
news, which enables them to publish their own daily newspaper. On 

page 6 is the picture of the Radio room of a modern ocean liner. 
It is, indeed, an interesting place to work, and of greater import- 
ance, the men that work there receive very good pay. 

AVIATION RADIO. The substantial growth enjoyed by the air- 
lines of America during the past few years would have been an imposs- 
ibility without the aid of Radio and the trained Radio man. No longer 
is the airplane a wandering speck in the sky, speeding onward into 
unknown weather conditions. No longer is the pilot dependent upon 
obsolete and questionable aids to navigation to bring him to his 
destination. 

When an airplane departs on a scheduled flight today, its crew 
is in closer touch with people on the ground than the passengers in 
an automobile speeding along the highway. The pilot or co-pilot 
report by Radio to ground bases at frequent intervals. They are at 
liberty to request weather information whenever it is desired. In 

fog or rain, they can follow the Radio Beam to their destination, 
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or through the use of the Radio homing Compass, fly directly to any city in the United States in which there is located a broadcasting 
station within the range of their special receiver, If, upon ar- rival at their destination, weather conditions ii'ake it impossible 
to see the ground, they can take advantage of Radio Blind Landing facilities that can guide them to a safe, smooth landing. 

Every major airline has its own well -organized Radio depart- 
ment, usually consisting of three separate departments as follows: 
Engineering, Operating, and Maintenance. Owners of privately ownad aircraft are becoming more and more dependent upon Radio aids to 
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Aviation so that at many large airports, aircraft Radio service sta- 
tions have been added. Airport airplane traffic is controlled by 
Radio. In fact, there are so many interesting applications of Radio 
to Aviation that it would be impossible to list them all in this 
lesson. 

Radio is the very nerve center of commercial Aviation as we 
know it today, and the Radio man has a position of equal responsi- bility to the pilot, who mans the controls while the ship is in the air. Opportunity in this field is particularly rich. 

POLICE RADIO. Practically every city in the United States hav- 
ing police patrol cars now operates Police Radio systems in their 
war against crime. Radio has so speeded up the activities of the 
law enforcement bodies of our country that criminals are actually 
being caught in the process of breaking the law, where before it 
may have taken days, weeks, or even months in tracking down a crim- 
inal. 

Practically every large city has two-way Radio communication 
between control cars and t=ie dispatcher. Most installations of this 
kind have been broadened to include the fire department, city ambu- 
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lances and the trouble division of municipal power, light, or water 
departments. This increased efficiency has made possible an improve- 
ment in service of every city department. 

State police systems have now installed Radio and new laws are 
being enacted, making this system more effective. In the past, when 

a criminal passed over a state line, he was comparatively safe from 
the officers of the state in which the crime was committed. Besides 
having this immunity, communication systems were slow and cumbersome. 
Now there exists intercity communication systems, making it possible 
to flash news from one large city- to another and from one state po- 
lice department to another. Laws are being devised making' it poss- 
ible to apprehend a criminal, no matter where he may be found. Be- 

cause of greater distances to be covered, more powerful transmitters 
are in use. This requires technicians with a higher degree of train- 
ing to take care of this more powerful apparatus. The higher the 
type of training demanded, the better the salaries. Besides that, 

the operator of this equipment has the satisfaction of knowing that 
he is aiding society in the apprehension of law -breaking criminals. 

INTERNATIONAL RADIO. Among the first uses of Radio was the 
transmission of messages from ship to shore, or shore to ship. The 

next important use of Radio was the spanning of the Atlantic Ocean, 
and later, the Pacific. Today, Radio is still one of the most im- 
portant message carriers where it is not economical to stretch wires 
or lay cable when great distances are to be covered at a relatively 
low expense. Radio message systems exist between practically all 
civilized points, enabling one to send a message to remote places 
in a very few minutes. Today, it is possible to pick up the tele- 
phone in your home and talk directly to any large city in the world. 
Pictures are being sent by Radio so that the newspapers today may 
place world events before your eyes shortly. after they occur. Af- 
ter completing your training in Radio -Television, it is possible 
that you may be operating the equipment which will make ,all of this 
possible. 

THE EVOLUTION OF RADIO. The history of Radio presents a grip= 
ping story of unusual interest to all. It proves conclusively that 
man can accomplish the almost impossible if he has the will to do 
so. The early -day scientist had very little with which to work. 

They were grasping for knowledge and information that seemed to be 
beyond their reach, but they did not become discouraged. The more 

complicated the problem, the more aggressively they' attacked it. 
Thanks to their persistence, Radio' and Television are highly per- 
fected today. 

The early history o'f Radio goes back as far,as 1842_. In 'this 
year, high -frequency oscillations were produced by Joseph Henry, who 
was born in New York in 1797. Those oscillations are the basis of 
all modern Radio. 

In 1882, Professor Dalbar made a statement, which at that time 
seemed very fantastic. He predicted that we would have wireless 
communication between points over one-half mile apart. Professor 

a 
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Dalbar had just been able to successfully transmit across his 1E11 - 
oratory. 

A Radio -Telephone conversation over a distance of one-fourth 
mile was first held by Preece in 1885. Then, in 1887, Heinrich 
Hertz founded the theory of modern Radio, and in his honor, Radio 
waves are often called Hertzian waves, Marconi, who is usually con- 
ceded to be the"Father of Wireless", was first able to communicate 
over a distance of four miles in 1897. He later increased this dis- 
tance until he was able to cover from 15 to 30 miles. Then cane 
that memorable day in December', 1901, when Marconi was able to send 
the letter "S" from Troy, England, to St. John's, Newfoundland, 
Soon after that he communicated between Washington, D. C., and Brant 
Rock, Massachusetts. 

Vacuum tubes were unknown during these earliest experiments. 
A "coherer" was the first Radio detector. This was a glass tube 
filled with iron filings. It had a tapper similar to that on 3n 
electrical bell to tap the glass tube to keep the iron filings frDm 
becoming stuck together. This really is a far cry from the modern 
superheterodyne set shown on this page. 

11: L Yii 4i5 r---- _ 
7.171 . .o ®:pa , 

có 

k oswá ... 
. 

- ,.- 

23-Tube High-Fidelity Receiver. 

8 



The next development in Radio was the use of the crystal de- 
tector. A crystal is a mineral having the property of rectifying 
Radio waves. In conjunction with the crystal, tuning coils and large 
loose -couplers were used. These parts were quite bulky and occupied 
a fairly large table and their cost was extremely high. The head- 
phones manufactured during that period were by no means satisfact- 
ory and the best pair cost from $25 to $30. 

VACUUM TUBES. Thomas A. Edison conducted the original exper- 
iments leading to our modern vacuum tube. However, Dr. Lee DeForest, 
in 1907, made improvements resulting in the first commercial appli= 
cations of vacuum tubes for Radio. In approximately 1884, Edison 
was attempting to develop what we know today as the incandescent 
light bulb. His early experiments consisted of a lighted filament 
inside of a glass bulb from which nearly all of the air had been 
evacuated. Inside of this glass envelope he had a small piece of 
metal. This piece of metal was not heated, but when connected to 
the positive terminal ofa battery, Edison found that a current would 
flow from the heated filament to the metal plate. Edison attached 
no particular significance to this experiment insofar as Radio was 
concerned and at that time did not dream of the tremendous outgrowth 
which has since resulted from his efforts. 

Following the World War, a rapid development of the vacuum tube 
began. Successful Radio demonstrations were constantly being con- 
ducted by enthusiastic and foresighted Radio experimenters. The 
Westinghouse Electric & Manufacturing Company of Pittsburgh, Penn- 
sylvania, conceived the idea in 1920 of Radio becoming a home en- 
tertainment factor, and in 1921, the Government issued the first 
broadcasting license to this company. The Radio station is still 
in operation, the call letters being KDKA. 

There still exists a big thrill to the old-timer when he hears 
KDKA, because back in 1921 and 1922, when there were only a few 
broadcasting stations on the air, it was the "talk of the town" to 
receive KDKA. The presidential election of Harding was broadcast 
by this station and the success of this broadcast resulted in the 
American public becoming "Radio minded". From that small start, 
Radio has grown to one of the world's largest industries. 

EVOLUTION OF THE RADIO RECEIVER. The crystal detector receiv- 
er was the first employed when commercial broadcasting started. 
Thousands of people built their own receivers using the inefficient 
crystal detector, a tuning coil and a pair of headphones. It was 
very simple and easy to construct, but extremely difficult to main- 
tain proper adjustments. Under ordinary conditions, the crystal 
detector receiver was capable of receiving signals over a distance 
of 15 to 20 miles, but the thrill of hearing voices from out of the 
air compensated for any lack of distance. 

In the early days of Radio, vacuum tubes and the associated 
equipment was so expensive that only one -tube sets were used. There 
were very few factory -made sets o the market, so it was necessary 
for the Radio enthusiast to construct his own. Many an old-timer 
today will reminisce with a good laugh at the tricks he played on 
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that one tube. Everything possible was done .to secure greater ef- 
ficiency, making the older sets complicated to operate. Some of 
the first receiving sets had from eight to twelve controls, 

In the early days of Radio, the programs broadcast were of an 
inferior quality; therefore, the "radio fan" concentrated on "DX" 

reception instead of listening to and enjoying a chain broadcast as 
we do today. The letters "DX" in Radio mean "distant reception". 
Later, as the quality of broadcasting improved, entertainment value 
became the primary consideration instead of distant reception. How- 
ever, in recent years, "DX" reception has again become a hobby. The 
thrill of being able to listen to foreign countries has captured the 
fascination of many listeners. 

After vacuum tubes became a little less expensive, three -tube 
sets were common and these would operate a loudspeaker. Next came 
five -tube receivers. However, a five -tube set was the economical 
limit for quite some time, because all of these tubes had to be op- 
erated from batteries. 

In 1927, the first practical, all -electric Radio receiving 
set was introduced to the public. More tubes were used because 
their price had been reduced and the expense of operation was far 
less for an eight -tube electric set than for one of the old battery 
receivers using only three tubes. Radio really became prominent in 

1928 when one large manufacturing company sold over a million sets. 
Today, there are at least three manufacturers selling a million Radio 
sets yearly. 

EVOLUTION OF TELEVISION. While successful Television is quite 
young, the idea originated many years ago. In 1873, a telegraph 
operator named May, while working at an Atlantic cable receiving 
station in the village of Valentia on the southwest coast of Ireland, 
noticed that his instruments were acting ix a peculiar manner. The 
equipment in this cable office used selenium as a high resistance 
material, just as carbon is now used. May discovered the fact that 
as the sun came through the window falling on this selenium, his 
instruments were affected, indicating that the light from the sun 
was responsible.. At first, it was thought the heat was affecting 
the resistance of the selenium, but later it was found to be the 
effect of light. This discovery marked the first development of 
the photocell or the "electric eye". 

.A German.inventor named.Nipkow, in 1884, conceived the idea 
of Television.' Later, he invented the Television scanning disc. 
This is a disc with small holes in it used to break up the picture 
into a series of light variations. The vacuum tube had not yet been 
invented, nor did he have any of the other modern electrical equip- 
ment which is now in use. The modern "photo electric cell" was en- 
tirely unknown. However, the idea that Nipkow conceived has formed 
the basic principle of Television down through the years. With the 

further development of Radio apparatus and electrical equipment, 
Television has become more and more a reality until today it can be 
considered. as a perfected science. 

. A few years ago, our movies did not have sound. The addition 
of sound greatly enhanced the entertainment facilities of motion 

10 



dI 

.. 

.11; 
o Qr 

. ; 
t + 

ó 

A Modern Television Receiver. 

pictures and today we have motion pictures that surpass any possible 
stage production. 

Radio broadcasting, as we have known it, has only sound. We 
were not accustomed to seeing the persons we had the pleasure of 
hearing. Television adds the sight to our Radio set. A Television 
receiver is not an attachment to your present Radio. It is an ad- 
dition. You may tune in the broadcasting staticn on your regular 
Radio receiver to receive the sound portion of the program. When 
that station is also broadcasting Television, you tune in a special 
Television receiver so that you may see the artists to whom you are 
listening. 

Radio programs produced by stations in the United States are 
vastly superior to those of any other country. This is especially 
true of countries where broadcasting is governmentally owned and 
operated. In the United States, we are all well acquainted with 
the fact that broadcasting stations are supported by the revenue 
they receive from advertising. The advertiser creates a competitive 
situation, because one advertiser vies with another to create a bet- 
ter program, thereby attracting your attention to his program so 
that he may call his wares to your attention. Unquestionably you 
realize the advantages gained by adding "sight" to the already per- 
fected "sound". 

Because all of us have gradually become accustomed to Radio 
receiving apparatus, we do not always give it the attention it just- 
ly deserves. In other words, in a large majority of homes, it has 
become commonplace. However, imagine the Television receiver shown 
on this page placed in a corner of your living room. On the screen 
will be motion and action-something at which you will want to look; 
hence, you will give it a great deal more attention than you would 
by merely listening to the Radio alone. 
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It is not possible to read or 
play cards and at the same time en- 
joy a Television program as we do 
a Radio program today. Therefore, 
since Television demands your at- 
tention, an advertiser will have 
a much better opportunity to dis- 
play his wares to you. Consequent- 
ly, he is willing to pay more for 
the advertising privilege. With 
Television advertising reaching --t 

the entire nation, the incomes of 
broadcasting stations will be vast- ` = 
ly increased. They, unquestion- 

will employ many more men, 
all of whom must be trained men, 
and these men will be well paid. 

Radio has been a tremendous 
help to aviation, guiding airplanes 
through fogs and storms. Sometimes 
the fog becomes so thick that a 
pilot cannot land his ship safely. 
Engineers are expending every ef- 

fort to further perfect blind landing equipment. Along this line 
of development, a phase of Television is being perfected which will 
make it possible for this Television apparatus, by means of ultra- 
violet rays, to actually penetrate the taickest fog. Such equip- 
ment has already bee demonstrated and a picture of the apparatus 
is shown on this page. When this equipment is perfected, a pilot 
will be able to bring his ship down just as easily as if he could 
see the ground. 

If it is ever necessary for the United States to enter another 
war, think of the part that Television will play. An airplane may 
be sent across the enemy's lines, equipped with a Television camera 
and transmitter. He will Lie able to take pictures of the enemy's 
movements. These pictures will instantly indicate to the artillery 
where their shells are landing, without having to wait for the planes 
to return with a photograph as was done in the last war. 

Television developments of today will in no way obsolete pres- 
ent Radio sets. It is designed to be an addition to the Radio set. 
There is no intention for Television to supplant Radio or moving 
pictures. This new science will need an ever-increasing number of 
service men, installation men, and personnel to operate the Televi- 
sion stations. Television can grow in the United States only as 
rapidly as men are trained to handle this new service. 

ti 
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A CONDENSED DESCRIPTION OF RADIO 

When you sit in the quiet comfort of your home and listen to 

a Radio program originating thousands of miles away, don't you mar - 
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vel at the possibility of being able to transmit the music of an 
orchestra or the tones of the pipe organ over all this distance with- 
out wire connections? 

A thorough study of the transmission and reception of Radio 
signals constitutes the Radio portion of your course. However, so 
that you will have a better insight into what occurs between the 
studio where the program takes place and the sound coming from your 
loudspeaker, we are going to give you a few non -technical explana- 
tions at this time. 

THE BROADCASTING STUDIO. Today, the majority of all Radio pro- 
grams originate in an especially constructed room known as a studio. 
Even the smallest broadcasting station has at least two such studios 
and the average -sized station will have more. The three major net- 
work broadcasting systems in the United States each have approximate- 
ly 15 studios in New York with additional studios located in key 
cities throughout the United States. 

These studios will vary considerably in size. A size of studio 
is used which is best adapted to the type of program to be broadcast. 
A small studio, generally having the appearance of a living room, 
is used when speeches are to be broadcast. This type of studio is 
used so that the speaker will be perfectly at ease during his or 
her broadcast. A dramatic play, involving only a few actors, is 
usually broadcast from a slightly larger studio. Such a studio is 
shown on this page. Orchestras and Radio "shows" generally come 
from studios such as shown on the next page. 
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Recently, it, has become quite a fad or Radio "shows" to have 
an and ence. To accommodate the audience, the Radio studio has taken 
on the appearance of a small theater, seating from 300 to 2,000 per- 
sons. The Columbia Broadcastinr Stem's "Playhouse No. 3" is pic- 
tured on page lb as an example. Here the Radio perforners enter- 
tain on the stage, the program is broadcast by Radio and also re- 
produced over a public address system so that the audience in the 
auditorium may hear as well as see the broadcast. 

All broadcasting studios must be especially designed and bui_t 
if the program is to sound natural. A properly designed, well -con- 
structed broadcasting studio is really a "room within a room". The 

studio is more or less suspended inside of the frame work of a build 
ing so that no outside sound or vibration can enter the studio. The 

walls, ceiling and even the floor are acoustically treated. This 
is done to prevent echoes or reverberations within the studio. Voices 
and music then sound natural so that the reproduction from your loud- 
speaker is as nearly identical to the original as possible. Were 

it not for this special acoustical treatment of the studio, the per- 
former would sound as though he were talking in a large, oupty room. 

It would have the so-called "rain barrel" effect. 
Some Radio programs originate from points of interest away from 

the studio. Oft imes this results in ahollow-sounding effect, caused 
by the lack of proper acoustical treatment at the place where the 
program is originating. Programs are broadcast, from fright clubs, 
large auditoriums, athletic arenas and many other spots where events of 
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public interest are held. Programs from these [Joints do not always 
sound the best, but the type of entertainment well over -shadows the 
defects in the broadcasting. These programs are called remote con- 
trol broadcasts. 

THE EAR OF RADIO. The instrument which hears the sounds pro- 
duced during a Radio broadcast is called a microphone. It is one 
of the most important pieces of equipment in a broadcasting station. 
Sound waves are set up by an artist's voice or the musical instru- 
ments of au orchestra. These sound waves reach the microphone where- 
in they are converted into corresponding electrical impulses or 
waves. Therefore, the sole purpose of the microphone is to convert 
the sound waves into electrical waves. The naturalness of the re- 
production of a broadcasting program can be o better than the ef- 
ficiency of the microphone. Three popular types of microphones are 
shown o this page. We are sure that you are going to find it very 
interesting when you study the construction and operation of a mi- 
crophone. 

THE BROADCAST STATION NERVE CENTER. The nerve center of a 
broadcasting station is called the control room. The amplifying 
system of the broadcasting station is located in this room. The 
feeble electrical waves or impulses coming from the microphone are 
delivered to powerful amplifiers where they are amplified, then sent 
to the Radio transmitter. On some large programs or Radio shows, 
it may be necessary to use several microphones. The output of each 

Three Popular, Modern Microphones. 

A Large Theatre-type Broadcasting Studio. 
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microphone is brought to the control room, where an operator regu- 
lates the volume and blends the impulses coming from the various 

microphones. The control room engineer's job is one of the most 
interesting and important in the operation of a broadcasting station. 
It is he who must switch from one studio to another, from a local 

studio to a chain program, or perhaps to some night club or athletic 
arena. His pay is good and the surroundings in which he works are 
of the best. Two of the several reasons for his job being so in- 
teresting are that he is always meeting new people and conquering 
new problems. 

RADIO' S POWER PLANT. At the Radio broadcasting station' s "power 
plant", the Radio transmitter is located. If the station has a power 
of 1,000 watts or more, the power plant is usually located at some 
point in the country at or near the edge of town. The high-powered 
broadcasting stations are generally located outside the city limits 
in order to prevent excessive interference when a listener desires 
to tune in a distant station. One hundred or two hundred and fifty 
watt stations are usually located inside the city limits because 
their lower power will not cause interference over any great dis- 
tance. Special telephone lines are used to carry the amplified e- 

lectrical waves from the control room to the Radio transmitter, when 
it is located away from the studio. These telephone lines must be 
carefully prepared and properly maintained if the voice and music 
is to be transferred without distortion. This special preparation 
and maintenance is generally the job of the telephone company's en- 
gineers under the supervision of a Radio engineer. 

The Radio transmitter generates what is known as a "carrier 
wave". The reason for this name is that the carrier wave "carries" 
the program from the transmitter to the receiver. At the transrit- 
ter, the voice and music impulses are impressed on the carrier wave 
(this process is called modulation), then sent into the broadcast- 
ing antenna. The antenna radiates the carrier wave on which the 
voice and music impulses have been impressed. The radiations are 
intercepted by a receiving antenna, wherein corresponding feeble 
impulses are produced. From these impulses, it is possible for the 
Radio receiver to reconstruct the original program. 

Another group of Radio technicians are employed at the Radio 

power plant. They control the power of the station and keep care- 
ful watch over the expensive and complicated equipment. A modern, 
1,000 watt broadcasting station costs approximately $50,000, while 

a 50,000 watt station costs approximately $600,000. It is obvious 
that the owner of such a station would not place an incompetent man 
in charge. 

RECEIVING A RADIO SIGNAL. It is necessary for best reception 
to have an efficient antenna. Usually the antenna is erected be- 
tween two elevated supports. It intercepts the Radio waves coming 
from the broadcasting station. A "lead-in" connects the antenna to 
the Radio receiver , and then by means of tuning, we select the 

Radio wave of the station we desire to hear. The study of tuning 
circuits and how they perform is undoubtedly one of the most inter - 
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esting phases of receiver operations. 
The Radio waves intercep.ted by the antenna are extremely feeble 

and must be amplified. Therefore, in the receiving set, there are 
multi -stage amplifiers to amplify these feeble waves. How they are 
constructed and how they operate constitutes a very interesting 
study. 

From the multi -stage amplifier, the Radio wave next goes to the 
detector. The detector ccnsists of a special circuit wherein the 
Radio waves are converted. The electrical impulses in the output 
of the detector circuit correspond to the original sound impulses 
produced by the microphone in the broadcasting studio. The process 
of detection constitutes a very interesting study. 

Following the detector, it is necessary to have additional am- 
plifiers. The sound impulses in the output of the detector are in- 
sufficient to operate a loudspeaker directly; therefore, they must 
be amplified. The loudspeaker converts the electrical sound waves 
back into mechanical sound waves and the Radio program is beard. 
During your experimental activities, you are actually going to build 
various types of amplifiers such as these. 

A CONDENSED DESCRIPTION OF TELEVISION 

The latter part of your course of training will thoroughly cover 
the principles involved in the transmissicn and reception of pictures 
through the air. 

Broadcasting stations everywhere are installing Television 
equipment. The three major chain broadcasting systems are consid- 
ering ways and means of establishing a national Television service. 

TELEVISION STUDIOS. A modern Television studio of today has 
all the appearances of a motion picture sound stage. The special 
sound stage must have the same acoustical treatments that are nec- 
essary in sound broadcasting, because sound is being broadcast as 
well as sight. After the conditions for sound have been fulfilled, 
it is next necessary to provide the equipment and space for picture 
transmission. 

A picture of one of the most modern Television studios that has 
ever been built is shown on page 5. Here you see two very modern 
Television cameras, special floodlights, a microphone boom and all 
the other necessary equipment for the"shooting" of Television pic- 
tures. 

In the making of a motion picture, a camera is focused on the 
artists and a sensitive film, records the picture. In a Television 
studio, a camera is also focused on the artists, but the picture is 
recorded or "scanned" by an extremely sensitive electric eye called 
the "Iconoscope". At the same time, a microphone picks up the voice 
or music and transmits it in the usual manner. 

THE EYE OF TELEVISION. In our explanation of Radio broadcast- 
ing, the microphone was called the "ear cf Radio". The Iconoscope 
or Television camera is called the"eye of Television". The Icono - 
scope is a special type of photoelectric cell which sees the picture 
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The conoscope--the Eye of Television. 

and converts the elements of light into corresponding electrical 
waves or impulses. The Television camera. is sensitive to light var- 
iations and will respond to thousands and thousands of changes per 
second. This camera actually performs the almost unbelievable job 
of actually "shooting" the picture. Therefore, it can be truthfully 
called the "eye of Television". In the output circuit of this mar- 
velous piece of apparatus, electrical impulses are produced which 
represent the picture on which the camera has been focused. A pho- 
tograph of the Iconoscope tube is on this page. Can't you just im- 
agine yourself operating an Iconoscope camera? 

THE TELEVISION CONTROL ROOM. The output of the Television 
camera is carried through an especially constructed cable called a 
"co -axial cable", to the Television amplifiers located in the con- 
trol room. A modern Television control room is shown on this page. 
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Since the electrical impulses produced by the Television camera are 
more feeble than the electrical waves produced by- a,microphone, it 
is necessary to employ more powerful amplifiers for the Television 
impulses. A highly trained sight technician is is charge of the 
Television control room. It is his ,job to properly maintain the 
picture intensity and bri lliunce. At the same time, the voice trans- 
mission must be handled by a sound technician. The Television ccn- 
trol-relay man must closely watch the performance and his monitor 
picture so that he may relay instructions to the cameraman and there- 
by maintain a high -quality picture. 

TRANSMITTING TELEVISION IMAGES. Television transmitters are 
operated on what are known as "ultra -high frequencies". Transmis- 
sion on these frequencies has the peculiar characteristics that re- 
gardless of the power of the transmitter used, the distance of trans- 
mission seldom exceeds or extends beyond the horizon. Therefore, 
the higher the building in which the transmitter is located, the 
greater will be the coverage of any Television transmitter. hor 
this reason, the National Broadcasting Company have their Televi- 
sion transmitter located at the top of the Empire State Building, 
the tallest building in the world. A "co -axial cable" connects the 
Television amplifiers with the Television transmitter. This cat le 
is expensive, both from the standpoint of manufacturing andinstal- 
lation. Therefore, it is customary to locate the transmitter in the 
same building with the studio. 

A Television transmitter is shown immediately below. At first 
glance, it appears to be very similar to a sound transmitter. Hcw- 
ever, it has specially designed circuits necessir: to handle the 
picture impulses instead of voice and music impulses. It is neces- 

A High-Powered Television Transmitter. 
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A 9-Inch Cathode Ray Tube. 

s.i.ry that the engineer in charge be properly trained in the opera- 
tion and maintenance of this type of equipment. 

A monitor is used in the transmitting room so that the engin- 

eers in charge t,..ere may check the quality of thepicture transmis- 
sion at all times. 

The output of the Television transmitter is then connected to 

a specially designed short-wave antenna. The purpose of the trans- 
mitting antenna is to propogate through space the high -frequency 
waves on which the Television picture impulses have been impressed. 

THE TELEVISION RECEIVER. In a Television receiver, it isnec- 
essary to have tuning circuits, the same as in a sound receiver. 

This enables you to select theTelevision station whose picture you 
desire to view. 

A receiving antenna is used to intercept the radiated picture 
waves and a lead-in conducts them to the Television receiver. Spec- 
ial types of amplifiers must be used to amplify the high -frequency 
waves picked up by the antenna. 

Following the high -frequency aunplifiers, a detector is used. 
Here the high -frequency waves are converted and thepicture-frequen- 
cy impulses are secured in its output. Io1lowing the detector, a 

"video" -frequency (picture frequency) amplifier is employed to 

strengthen the impulses. 

Now instead of aiplying these amplified impulses to a loud- 

speaker, they are a plied to a special cathode ray tube. Such a 
tube is shown at the top. The amplified video -frequency impulses 
reconstruct the picture directly on the end of the tube. Cathode 
ray tubes are obtainable in varying sizes so that different sizes 
of pictures may be secured. A receiver such as shown opposite 
has the tube mounted in a horizontal position and the picture is 

viewed directly on the end of the tube. The Television receiver 
shown on page11 has the tube mounted vertically and the picture is 

viewed on a mirror mounted on the inclined lid of the cabinet. 
Roth of these Television receivers are combination sight and 

sound receivers. As you will notice, they have only one dial. when 

this single dial is tuned to the ultra -high frequency broadcasting 
station which is also transmitting Television pictures, thepicture 
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signal will. be automatically tuned in at the same time. This allows 
perfect sight and sound reception and the tuning is no more diffi- 
cult than tuning an average Radio receiver. 

klile the present-day Television receivers are coirparatively 
simple to operate, their internal construction is quite complicated. 
Expert engineers are required to design these receivers. After they 
are manufactured and placed in the hands of the public, expert ser- 
vice men are required for the adjustment and maintenance of them. 

The study of this new industry is of great interest, and the 
personal satisfaction of knowing that you are one of the few who 
have been properly trained is very sel f-grati Lying. Only a Feb men 
understand the secrets of Television transmission and reception at 
the present time, so your goal should be to place yourself in a pa- 
sition to "demand your own salary" in the future. 

A Sight and Sound Receiver. 
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SUGGESTIONS ON HOW TO STUDY 

Fsw persons have the natural ability or have acquired the knack of being able to study thoroughly and conscientiously. Since your future success in Radio and Television depends upon the thoroughness with which you acquire an understanding of this subject, we deem it advisable at this time to insert a few pointers on how to study. 
SET ASIDE A SPECIFIED TIME TO STUDY. While it is not always possible, the first requisite of satisfactory study is to be regu- lar and systematic. Establish a schedule for your time of study, then.do everything within your power to live up to it. It would be best to set aside -a certain part of each day. If you find this im- possible, use the week as the basis of your schedule. Decide upon the number of hours that you are going to study during each week. If you find that you are behind in your schedule over a period of two or three days, put in an hour or two extra until you have caught up again. 
You must bear in mind that the amount of time you spend in study will govern the "value received" from this training. Your course of study should not be secondary to other activities, but rather should be the one important project in your life. There is no best time for studying applicable to all students. However, it has been thought that the early morning hours are the most suitable. Your mind is generally fresher at this time and you do not have a day's worry and work behind you to detract your at- tention from your studies. Some students may find it impossible to study during the early morning hours, and others reach their maxi- mum effectiveness for absorption during the. early afternoon. Still others prefer the evening or late at night. This is partially a matter of habit and also governed by one's nervous disposition. If the only time available for study is in the evening, it is advisable to rest at least 30 to 45 minutes after eating before starting to study. 

HAVE A PLACE TO STUDY. Most students find it extremely diffi- cult to study successfully in the midst of confusion, or even with another person in the room. If noises about your home disturb you, or if interruptions by other members of the household are apt to be frequent, then by all means you should have a place where you can be alone while you are engaged in your studies. Why not consult your family and have a room set aside as your laboratory and private study? Later in your training, you will be building equipment which you do not want disturbed. Undoubtedly you need a place where you cao be by yourself to conduct your experiments and engage in study if you are to be successful in your chosen profession. Since you have decided to undertake the study of Radio and Television, thereby improving your position in life, then go about your studies thor- oughly and systematically. 
If your living quarters are such that you cannot have a pri- vate place to study, by all means continue with your studies, re - 
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gardless of the obstacles placed in your path. Let your study time 

be suited to its purpose; have'it understood in your home that you 

are engaged in a serious piece of work ~haunt not be interrupted.' 

PROCEDURE. Through many years of experience, we have found the 

following procedure best for the average student. These rules may 

not apply to you, but if you have n) rules of study for yourself, 

then we suggest that -you follow this procedure. 

First, read through the entire lesson thoroughly and carefully. 

Now if you are going to study more during this particular day or 

eveni , it is best that you relax by doing something else for at 

least 30 minutes or an hour. Then start in again at the first of 

the lesson and go over each paragraph individually. and thoroughly. 

If a reference is made to some previous work about which you are 

not certain, stop right then and there, go back and review that pre- 

vious work. Sometimes an explanation may not seem perfectly clear; 

therefore, it is advisable to compare this explanation with some- 

thing you have already studied, or something.with which you are 

familiar. Comparison is always an easy manner of fixing things in 

our minds. 
At some previous time, you may have been taught to read your 

school material rapidly. We know of several instances where grade 

schools and high schools have advocated this method. In the study 

of scientific literature, such as the course of instruction you are 

undertaking, this method of reading is absolutely not satisfactory. 
The material must be studied, not merely read. After completing a 

single paragraph, repeat, this time dissecting each sentence thor- 

oughly. Make certain you understand the definition of each word 

used and the idea conveyed by the entire sentence. Oftimes, a thought 

is lost because the definition of a single word is not properly un- 

derstood; therefore, a good, practical dictionary should be at hand. 

Next, inspect the examination questions at the end of the les- 

son. You should not write out the answers to these questions at 

this time, but it is well to investigate in your own mind if you 

can answer the questions. After you have gone over the questions, 

it is best to study the entire lesson again, thoroughly and complete- 

ly, then write the answers to the examination questions. 

It appears .as though we have suggested studying a single les- 

son three times, all in the same evening. This is not very advis- 

able. Do something else between each time you study the lesson. 

An average student should spend not less than 9 hours on the aver- 

age lesson. Some assignments are a little. more difficult and will 

require more time; other assignments are easier and perhaps 9 hours 

of study will not be necessary. 
An average student should not plan to complete more than a max- 

imum of three lessons a week. Three lessons a week will be suffi- 

cient, even though you intend to devote your entire time to this 

training. Remember that you have experimenting to do besides your 

regular lesson study. Experience has proven that if you try to 

learn the material more rapidly than three lessons in one week, 

later on you will probably find that you have an insufficient found- 

ation. While it may be that you are studying the lessons thorough - 
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ly, as a general rule this information will not stay with you if 

acquired too rapidly. 
There is one warning we want to make at this time. Never mem- 

orize the answers to examination questions. You should study the 

subject material until it is thoroughly and completely understood 

instead ofjust trying to memorize a particular paragraph or answer. 

The reason for this warning is that you might memorize the answer 

to a certain question, then later on, this same question might be 

asked in a slightly different manner and the memorized answer would 

not be satisfactory. If you thoroughly understand the subject, you 

will be able to answer any kind of a question pertaining to that 

subj ect. 

SEQUENCE OF LESSON MATERIAL. When studying some of the many 

lesson subjects pertaining to Radio and Television, a new student 

is inclined to believe that some of the material presented is super- 

fluous and of no consequence. Perhaps you may think that some of 

the topics are inserted merely to fill up space. This is an incor- 

rect assumption because the engineers who have prepared this course 

of study have found by experience that all of these subjects are 

important. Unless you learn the fundamenta_s thoroughly and com- 

pletely, it is likely that you will not comprehend the balance of 

your instruction. "Elementary" is not the word for preliminary ma- 

terial. "Fund;unental" is more descriptive. Fundamental material 

is always necessary in the study of a science because it is the 

foundation for the more applicable and interesting things to come 

later. 
Throughout your studies, you will encounter several wiring 

diagrams. Do not just glance at these diagrams, then pass on, be- 

cause they are extremely important. Draw each diagram several times. 

Make certain that you understand the reason for the use of every 

piece of apparatus on the diagram; and be sure you understand the 

action of the entire circuit. Do not memorize a diagram or a cir- 

cuit, but rather, be able to construct it in your mind with your 

knowledge of the relationship which exists between the various com- 

ponents and the manner in which these circuits function. 

FORMULAS. Many facts concerning Radio and Television cannot 

be properly expressed without the use of equations or formulas. 

Therefore, it will be necessary at various times throughout the 

course to insert such equations and formulas. It will not be nec- 

essary to memorize all of them, but make certain that you are fam- 

iliar with their use. Most formulas are founded on a basic elec- 

trical law. The more commonly used formulas will eventually become 

so familiar to you that it will not be necessary to refer to the 

text for them. The formulas which are not used so frequently may 

be looked up when the necessity arises. After selecting the proper 

formula, it is only necessary to understand how to use the formula. 

Using a formula generally consists of merely substituting num- 

bers for letters, then performing the indicated mathematical func- 

tion. At the proper intervals, an entire lesson will be devoted to 

a study of the mathematical functions which you will be using at 
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Midland Radio d Television Schools, Inc. 
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Supt. of Instruction 

Midland Radio d Television Schools, Inc. 

C. V. Curtis 
Chief Instructor 

Midland Radio & Television Schools, Inc. 
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Technical Drafting 
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MICHAEL FARADAY 
A POOR BLACKSMITH'S SON WHO REACHED THE PINNACLE OF 
SUCCESS! 

Born in London, England, in a humble home over a 

stable in the year 1791, the infant, Michael Faraday, 
seemed destined to live a life of poverty. At tne age 
of thirteen, he became an errand boy, and a year later 
was apprenticed to a book maker for seven long years of 
drudgery. Armed with only a bare rudimentary education, 
Michael determined to delve into the intriguing myster- 
ies of chemistry and electricity and devoted every spare 
moment of his time to study. 

When his period of apprenticeship was served, he 
wrote the great Sir Humphry Davy, hoping that ne might 
win nis aid. But instead, he received a polite but dis- 
couraging note that would have altered his entire life 
nad ne permitted it to influence his ambitions. Instead, 
Aichael continued to strive for nis objective and entered 
into crude galvanic experiments, the results of which 
so entnused nim that ne longed for time more time. 
re had learned one of the first essentials of success 

that wasted time was forever lost. 

While working at his trade as a bookmaker, his 
longed -for ooportunity came in tne form of a footman in 
livery and a note frcm Sir Humphry Davy. Micnael was 
engaged to care for Sir Humphry's scientific instruments 
at a salary of six dollars per week. 

From this point on, nis energy and determination 
carried him steadily onward until he reached the pinn- 
acle of his success with the discovery that magnets 
could produce electricity. Following tnis came other 
achievements, including the discovery of electric in- 
duction. Eminent men came from all parts of tne world 
to see him. Glorious nonors were heaped high upon his 
head. 

Michael Faraday, the poor blacksmith's son, had 
won a permanent and prominent place among the famous 
men of history! 
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Lesson Two 

The 
ELECTRON 

THEORY 
° "I am sure that you are going 

to find the study of the electron 
very interesting. For years, there were 
many functions in the study of electricity 
that could not be proved, but were simply taken for granted. After the discovery and proof of the existence and the actions of the electrons, these uncertainties were removed. A study of the Elec- tron Theory will provide you with the basis fcr the proof of near- ly all modern Radio and electrical theories and make the balance of the lessons very interesting and easily understood." 

In order to establish the fundamental knowledge necessary for 
a complete and comprehensive understanding of Radio and Television, the first requisite is to become thoroughly familiar with fundament- al electrical actions. Each piece of electrical apparatus used in the construction of a Radio receiver and transmitter or a Television receiver and transmitter, together with all associated circuits, have an electrical circuit through some conducting material and a magnetic circuit, either through some magnetic material or air. It is of vital importance that the beginning student of Radio 
and Television secure for himself a complete theoretical and pract- ical knowledge of each individual piece of electrical apparatus be- fore attempting to unite the individual pieces into a complete cir- cuit. The expenditure of considerable effort on the fundamentals of electricity .at the present time will be rewarded by raid prog- ress and a complete interpretation of the information obtained in future lessons. 

Since nearly all electrical laws are based on the electron the- 
ory (see Fig. 1), it is quite logical to select a study of this the- ory as the foundation for our course of study. The electron theory 
came into existence in the year 1897, being introduced by an English scientist, J. J. Thomson. Prior to 1897, another Englishman, William 
Crookes, had conducted numerous experiments, all of which terminated - in strange data that could not be satisfactorily explained. Thomson 
became .very interested in Crookes experirrentation about 1877 and began the compilation of data along the same line. After twenty years of brilliant research work, Thomson announced his startling discoveries to the scientific world (1897). Thomson's announcement 

1 



of the electron theory was the origin of a new epoch for all chem- 
ical and electrical theory. 

It is well to begin our story with the construction of matter 
in order that we may realize the significance and importance of the 
electron theory. 

d 
Fig.1 Photograph of acathode ray tube. The explanation for the 

operation of this tube is based on the electron theory. 

In the next few pages, I shall discuss such subjects as matter., 
molecules, and atoms. I shall explain and illustrate each of them 
so that you will have no difficulty in understanding their meanings. 
You must know about the molecule and the atom before you can under- 
stand the electron theory. Read this preliminary material carefully 

don't miss a single sentence! 

To make sure that you will recolntze the more impor- 

tant statements and definitions, I am l oing to put them 
in italics and space them from the body of the text. When 

you encounter these italicized portions of the lesson, 

pay particular attention to them! They are the defini- 
tions and facts which you should learn and remember. 

1. CONSTRUCTION OF MATTER. The information I am going togive 
you in this lesson concerning the construction of matter and the 
electron theory is not easy to prove. As you read through this les- 
son, you must keep in mind that the world's outstanding scholars of 
science are not definitely certain as to how all matter in the uni- 
verse is constructed. 

By experimentation and mathematical calculations they have been 
able to compile a quantity of information which is valuable to you 
as a student in radio. But, there are still many, many problems 
that puzzle the scientists who have devoted the major part of their 
lives to an extensive study of the construction of matter. The' 

facts which these learned men have assembled over many years of work 

is largely responsible for the development of radio and television 
as we know it today. 

As a student beginning the interesting study of radio and tele- 
vision, you should be familiar with the construction of matter. in 
order that your knowledge of the subject will be complete in every 

detail. however, for you to learn about radio and television, it 

does not require that you know the exact reason for the construction 
of matter. The theoretical reasons are immaterial; I want you to 
learn only the established facts on the subject. 
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If .I were to tell you.the basic reasons for the construction 
of matter, 1 would have to devote volumes to. the subject and would 
consume such of your valuable time telling you about things for 
which you will have no use whatsoever .in your chosen occupation. 

' Therefore, while you study the material to follow, keep in mind 
that I am telling you only about the results that have been achieved 
by long years of research work. Your.interest mast lie only.in these 

results and the facts that have been concluded from them. You should 
not be concerned with the actual process of experimentation nor the 
mathematical derivations that led to our present knowledge regard- 
.ing. the construction of matter. 

2. DEFINITION OF MATTER. 1 am now going to define the word 

"matter" for you. I can best do this by asking a question. 'Do you 
know of any object which does not have weight or dimensions?' After 
thinking a while, you will certainly conclude that you do.not. Ev- 

ery tangible object with which you are familiar can be weighed or 
measured in some manner. The paper composing this page, the ink 
used .in printing, the chair on which you are sitting, and the air 
that you breathe, all have weight and dimensions. They are all ex- 

amples of matter. 

therefore, we can define the word "matter" as being 
any tangible substance which has weight and dimensions. 

Now to make sure that you understand what.is meant by "matter," 
let me give an example of something which does not represent matter. 
.In your daily speech you quite often talk about things which are 
not examples of matter. You might say, "I think he looks tired." 
When you use the expression, "I think," you are referring to your 

power of thought. Thinking .is something we all do. However, we 

cannot place our thoughts on scales and actually weigh them as so 
many ounces, nor can we measure our thoughts with a ruler. There- 

fore, a "thought" has .no weight or dimensions, so it is not an ex- 
ample of matter. 

In the same sentence, we used the expression, "he looks tired." 
Of course, we all know what the word "tired" means. It .is a feel- 

ing of fatigue which we experience at times. Again,we cannot weigh 
or measure that tired feeling into an actual. number of ounces or 
inches. A "tired feeling" is. intangible. It has.no weight or di- 
mensions and, therefore, is. not an example of matter. 

All things which are not` perceptible by torch or by our senses 
are. intangible. and are .not examples of matter. However, all tang- 
ible objects,_snch as pencils, books, automobiles, air, etc...; cam 
be measured or weighed. in some way and are, therefore, examples of 
matter. Fig. 2 shows a .number of these. 

.3: MUM MATTER WITH MOLECULES. Now that we have a thor- 
ough understanding of what is meant by "matter," let us proceed to 
determine .its composition. :If you were asked to tell the material 
that was used to build a brick -house, your answer would of course 
be'"bricks." Likewise, you would say that a stone house is made of 
stones; a wooden house consists of pieces of wood, etc. 
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If we were to regard a brick house as one of the many examples 
of matter, we would know immediately that the thousands of small 
bricks used to build the house were the substances of that article 
of matter. 

Tow, if we were asked to go still further and tell of .what 
each brick was composed, our answer would be, "Each brick is com- 
posed of millions and millions of tiny particles of the same sub- 
stance." The tiny particles of brick are held tightly together to 
form a complete brick. Then, all of the complete bricks are as- 
sembled in the manner desired and held together with cement to form 
the building. This is a simple example, but it illustrates an im- 
portant phase in the construction of matter. 

Fig.2 Examples of matter. The gas in the balloon, the sandbags 
on the basket, the vapor in the clouds, the ground, the ship, the 
water in the river, and the anchor on the balloon, are all examples* 
of matter. 

Let us see how tiny a particle of brick we could obtain. First 
we would break off a small piece from a single brick and then pulver- 
ize the small piece until we had very fine particles. Then, we 
would take one of these pulverized particles, place it under a high- 
powered magnifying glass and keep dividing it into smaller and 
smaller parts. 

We would soon reach a limit and would not be able to divide 
the particles any smaller, because we could not see them. When the 
size of the brick particle has diminished beyond our power of vis- 
ion, we must then begin to use our imagination. 

Let us suppose that by some "super" mechanical or chemical 
means, the very tiniest particle of the original brick is divided 
further and further until we had the smallest possible particle of 
brick. This most minute piece of brick which we now have (in.im- 
agination only) is very important to us; it is the fundamental 
"building block" from which the entire brick structure is construe - 
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ted. We know that .if we group millions and millions of these tiny 
particles together, it .is possible to form a regular size brick. 
Then with a sufficient .number of complete bricks we can erect an 
entire building. 

Due to its importance, this most minute particle of brick has 
a special name. .It is called a "molecule" of brick. 

A molecule of brick is the smallest possiblepartt- 
cie of brick that can be obtained. 
This statement means that a molecule of brick is the smallest 

possible piece. that can be obtained without destroying the original 
substance of the complete brick. The tiny molecule has the same 
properties as the complete brick; the only difference .is that the 
molecule has very minute dimensions. 

4. DIVIDING MATTER INTO MOLECULES. Let us repeat this exper- 
iment. Suppose we were to take a box of table salt, select one grain 
out of the box, and then keep dividing that single grain until we 
had the smallest possible particle of salt. What would it be called? 
,A molecule of salt. Similarly, if we were to take apiece of paper, 
tear off the tiniest piece possible, and then split that tiny piece 
until it could no longer be subdivided; we would have a molecule of 
paper. Now, let us define the word "molecule" in order that it may 

.be applicable to any and all cases. 
molecule is defined as the smallest portion of any 

substance which cannot be subdivided further Without its' 
properties beinj chanted. 

Thus, .it .is possible to take any particle of matter and divide 
that particle (mostly by imagination) into the billions and billions 
of tiny particles which we know to be constituent' parts of .it. 
Since molecules are the very substance of all kinds of matter, we 
conclude that there are as many different kinds of molecules as there 
are different. kinds of matter. 

If you were asked how many different kinds of molecules there 
are. in the universe, you should say that there is an unlimited.num- 
ber., because there .is an unlimited number of different kinds of 
matter. 

You should clearly understand that a molecule has the same chem- 
.ical properties* as the substance of which it is a part. If this 
were not true, it would be impossible for the billions of tiny mole- 
cules to combine and form the substance. A molecule of chalk has 
the same chemical composition as a piece of ordinary blackboard 
chalk; a molecule of. water has the same chemical composition as a 
glass of pure water., etc. 

When we speak of a molecule we do not infer that any chemical 
change has been made .in the original substance. Also, many of the 
physical properties' of a molecule are the same as those of the coal - 

1 Constituent: The smaller parts which serve to compose the final product. 
2 The chemical properties of a substance are the changes In composition which 

it may undergo when subjected to various conditions. - 

i The physical properties of a substance are perceived by the senses or meas- 
ured by physical means. Physical properties include color, taste, odor, density.sol- 
ubility in water, conductivity of heat and electricity, etc. 
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plete substance. Of course, the dimensions are much smaller, but 

the color, odor, taste, conductivity, etc. remain the same. 

5. THE SIZE OF A MOLEEC1ILE. Previously, I have said that it 

is necessary for us to use our ifra;:ination to realize the ninute 

size of a molecule. Let me give you an example. We all know what 

air is. Air is that substance (matter) comprising the atmosphere. 

It is a definitely proved fact that air has weight. Many, many 

times scientists have weighed certain voltunes of air and found that 

its actual weight depends upon the percentage of oxycen, nitrogen, 

helium, argon, and other cases which compose it. since air has 

weight and dimensions, it is matter and is composed of millions and 
millions of tiny molecules of air. low, for our example to illus- 

trate the size of a molecule. 

100 Watt 
Light Bulb 

Fig.3 In this example, one 
hundred million years would be 
required to fill the inside of 
the bulb with air molecules. 

hole 1 molecule 
in diameter r 1.000.000 melecules 

"41 ------entering each secong. 

Suppose we were to take an ordinary 100 watt light globe, com- 

pletely evacuate the interior, then drill a small hole in it just 

large enough to allow one molecule of air to enter at a time. If 

the tiny air molecules rush into the light globe one at a time, at 

a rate of 1,000,00(1 molecules per second, it would require 100,000,000 

years for the inside of the light globe to become completely filled 
with air. (Refer to Fig. j). This example should give you an idea 

as to the minute size of a molecule. 

The greatest scientists have never seen a molecule of any kind, 

nor will such an accomplishment ever be possible. Our eyes are com- 
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posed of molecules,- and.it.is impossible for us tb see anything which 
the -same size or smaller than the molecules of our eyes. Even 

.if we did have a single molecule. isolated, and if we looked at that 
molecule through the most powerful microscope available, the ulti- 
mate failure to observe the tiny particle would be due to the con-' 
struction of the human eye .itself. 

Brilliant men have proved to us that molecules actually exist, 
but when .it comes down to the basic point of looking at one, the 
eye of the greatest scientist fails him the same as.itdoes you and, 
me. . 

6. BREAKING DOWN THE MOLECULE. Now that we have studied the 
construction of matter down to the molecule, let us investigate fur- 
ther to learn of what a molecule consists. Offhand,.it seems rather 
absurd to think that it :is possible to obtain a particle smaller 

than a molecule.. However,don't be misled .into such an erroneous 
conception because it .is possible to prove that tinier particles 
actually do exist. This fact has been proved time and time again 

since the early days of scientific experimentation. 

A molecule can be divided further and shown to con- 
s1st of smaller particles. 

All different kinds of molecules have different composition. 
Molecules of water are composed of different elementary substances 

than molecules of wood; molecules of air are different from mole- 

cules of cloth, etc. 

Each different kind of molecule. in the universe may be broken 

down.into .its elementary constituents. Of course,. this "breaking 

down" cannot be done by ordinary lams, but can be accomplished 

easily by a chemist when 'he mixes -or -heats the proper mixture con- 
taining the molecule 'he desires to break apart. 

After the chemist has separated a molecule, he cannot see each 

small particle whichcomposed.it. This follows as a logical state- 

ment since At has been previously stated that .no one can even see 

a complete molecule. So, again, we delve. into the depths of our 

:imagination and try to visualize the size of these'particles mire 

minute than a molecule. . 

7. THE ATOM. First, what shall we name these tiny constitu- 

ents of molecules? A Quaker schoolteacher by the' .name of James Dalton 
expounded the theory that they did exist.in 1803. In his formal an- 
.nouncement, he called them, "atoms-the bricks of the universe." 
Dalton's "atomic" theory gave the reason for many experimental re- 

sults that -had been obtained by -himself and by. many former scien- 

tists. :Infect, centuries before Dalton's time, such learned schol- 

ars as Kaneda, a Hindu, and Democritus, aGreek, had ventured opin- 

ions that the tiny particlesl(atoms) existed. But, they did .not 

have sufficient experimental verification to convince the scientific 

world. 
Dalton's original .idea about 'how molecules .are constructed. is 

.now -proved thousands of times daily. Thousands of manufacturing 

concerns.in all parts of the world use this theory every day to make 

their products. .Research laboratories depend upon .it for a large 
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percentage of their'developmient work. In your daily.life, you use 
or see .innumerable articles which would not exist.if'.it were. not 
for the fact that Daltori's theory of molecular construction was true. 
Therefore,' expect you to accept this theory. Remember, I said at 

the beginning of this lesson that you must. not worry about the reas-- 
ons for these theories. Science has proved them all. - 

The definition of ar atom that I want you to reaeaber.is:. 

An atom is one of the tiny particles obtained when 
a Molecule is broken apart into its constituent units. 

Now you will ask the question, "How.many atoms are there .in a aole- 
cule?" I must answer this by saying, "Different molecules contain 
different. numbers of atoms." This is one.of the reasons for the 
existence of different kinds of matter. 

You know that a grain of salt. is a different kind of natter 
than'a drop of water. One of.the reasons is that a salt molecule 

contains a different number of atoms than a water molecule. Im- 
mediately, I must follow this statement by saying."á salt molecule 
consists of different kinds of atoms than those composing a water 
molecule." 

Now we are confronted with a .new problem. "just said that 
different kinds of atoms exist. This.is another fact that has been 
proved time and time again, so I expect you to accept. it as being 
true. Presently, 'I shall tellyou why atoms are different from each 
other. As for. now, let's learn some more facts about atoms.in gen- 
eral. 

Throughout the preceding years, scientists 'have tried and tried 
to find all of the different kinds of atoms. They think they know 
exactly how many there are, but they have .not been sñccessful.in' 
locating and isolating all of them.' According to presentinforma- 
tion, 92 different kinds of atoms exist. Some of these are common 
to us,.but some are extremely rare. You've heard of hydrogen, cop- 
per, zinc, mercury, aluminum, oxygen, and sulphur. These ire afew 
of the more common kinds of atoms. But, have you heard of cerium, 
ytterbium, ruthenium, or protoactinium? These are afew of the rare 
atoms; they constitute such a small percentage of all matter .in the 
'universe that even the most learned scientists do not pay much at- 
tention to their existence. Of all 92 atoms, hardly more than 50% 
of them are found .in the different kinds of molecules with which we 
are most familiar. 

8. BREAKING A MOLECULE INTO ATOMS. If we were to divide a 
drop of water .into .its molecules, then take one molecule and break 
it down into its atoms, what would wef.ind? We would discover that 
a molecule of.water consists of two atoms of hydrogen and one atom 
of oxygen. Fig: 4 .is an .imaginary photograph of a water molecule 
showing the three atoms. 

Breaking down a molecule .is a .job for a chemist, not a radio 
man, so ori't worry about:how.a chemist would go about doing this. 
To us, the important thing is that 11 can be done. 

If a molecule of water can be broken down, it is logical to 
assume that other kinds. of molecules can be treated in the same 
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manner. This has' been done by chemists for practically every kind 
of molecule known to science. When they investigated the construc- 
tion of the salt molecule, they found that it had contained in it' 
one atom of sodium (a metal), and one atom of chlorine (a gas); 
sand was found to consist of silicon atoms and oxygen atoms; am- 
monia contained nitrogen atoms and hydrogen atoms, etc. 

Fig.+1 Illustrating watermol - 
ecules (imaginary). Each mol- 
ecule consists of two atoms of 
hydrogen and one atom of oxygen. 

creation is composed of the 92 different kinds of atoms, 
combined and mixed in every conceivable 'Wanner. 

The ktnd, dumber, and arrangement of the atoms de- 
termines the ktrid of molecule formed. 
The chemist has most of these atoms isolated and available for 

research work. When he wants to make a certain kind of matter, he 
mixes or combines various numbers of the different atoms Sin an at- 
tempt to develop the product he wants. A chemical experiment of 
this nature is shown in Fig. 5. Perhaps years of experimenting will 
be required before he finds the right combination. But, when he does, 
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Flg.b This is a chemical experiment. The 42504 is astrong acid 
(sulphuric). it is being poured onto some sugar. This combination 
of atoms will result in the sugar being changed to pure carbon as 
shown -on the right. 
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a new and different product .isavailable to the commercial world and 
science has advanced a step further. 

Thousands of our daily .needs are satisfied by these scientifi- 
cally developed products. Common examples are rayon, synthetic rub- 
ber, gasoline, glass, writing paper, medicines, etc. We are riving 
in an age of slavery to science whether we realize it or not. Bear 
in mind that very few of our present day "necessities" would exist 
if it were .not for, the verified fact' that all matter consists of 
molecules; the molecules.in turn consisting of different kinds, num- 
bers, and arrangements of atoms. 

9. THE SIZE OF AN ATOM. I gave you an example to illustrate 
the minute size of a molecule of air. Now that we know a molecule 
of air may be div.ded.into atoms, let's see how small an atom is. 
Perhaps the analogyt will assist you. If five atoms were placed on 
a postage stamp every second, .it would take 500 million years to 
cover the stamp. 

Benjamin Harrow once made a statement which illustrates very 
clearly the size of an atom. He said, "If the constituent atoms 
in a tumbler of water could all be labeled for later .identification 
and the water were then mixed with all the water in the world, and 
.if, after thorough mixing, the tumbler were again filled, it would 
contain two thousand of the original atoms." 

10. DIVIDING THE ATOM. I would not be at all surprised if 
you thought that an atom was the smallest possible unit of matter. 
Such brilliant men as Dalton, Newton, Priestly, Cavendish, Lavoisier, 
'and many others 'had the same idea at one time. They even went so 
far as to ridicule any person who said that an atom could be divided 
into smaller units. To them, all matter could be divided down to 

th the atom, but the atom was e fundamental. "building block for all 
matter." 

This opinion was prevalent throughout the world. in the middle 
of the 18th century. But then, as research work in the structure 
of matter advanced, certain scientists obtained results from their 
experiments which could not be explained by the atomic theory. They 
noticed that with some combinations :and mixtures of atoms, they 
created products different from what they expected. Naturally, they 
were interested in finding out why their experiments went "wrong, " 
so they set forth into a new field of endeavor to determine the com- 
position of an atom.. 

While many men worked on this problem, it was J. J. Thomson, 
an English physicist, who first published his findings. Be publically 
announced, 

"All' atoms consist of inconcotuably tiny charges of 
postttue and nelattue electricity." 
Don't think for a minute that Thomsori's theory was immediately 

accepted by the scientific world. Be had to explain and illustrate 
the basis for his theory time and time again. But, Thomsonhad the 
proof ; 'his experiments were so conclusive and 'his results so convinc- 

1 Analogy: Reseneiance in certain respects. 'or having a sl&llarfwictIon. 

10 

t 



.ing that other scientists were forced to recognize his theory. He 
could prove many things which had baffled chemists for centuries 
and 'he could explain the reason for the existence and nature of 
electricity. Before that time, electricity was,considered a"supér- 
.natural wonder of the world," something which could not be under- 
stood ór explained. 

11. IMPORTANCE OF ELECTRON THEORY TO ELECTRICITY. It is true 
that quite a lot was known about the nature of electricity before 
Thomson expounded his "electron theory." But there was no definite 
reason known for the results obtained by the experimenters. They 
collected facts from which they advanced -laws and derived formulas. 
The laws were proved by the vast quantity of experimental data, but 
still they could not tell exactly why electricity acted as. it did. 

Thomson supplied the key which opened the "unknown realm". of 
electrical wonders. His electron theory proved all of the existing 
electrical laws, and, most important of all, paved the way for more 
.intelligent experimental activities in the field of electricity. 

Using-Thomson's theory, all branches of electrical experimen- 
tation progressed at a rapid rate. Results of an experiment could 
be anticipated before.it was tried and,. invariably, the results ex- 
pected were obtained. Such modern conveniences as the telephone, 
telegraph, electr.icmotor, electric lighting, electroplating, etc., 
were either perfected or invented in this era of electrical history. 

Of most importance to us .is the fact that during this same time, 
radio 'and television were. born. Prior to the "electron theory," 
ideas had been conceived about radio and television but no one lad 
been able to achieve practical results sufficient to justify exten- 
sive work along that line. 

Since the electron theory was "Aladdin's Lamp" for the elec- 
trical experimenters, it. is. important that you as a student start- 
ing the study of radio be familiar with .it. The theory .is .not at 
all difficult to understand, but I must ask you to start reading 
.the next paragraph with an open mind. AsI tell you about the elec- 
tron theory, try to visualize that you have super -microscopic eyes 
with which to see these tiny particles of electricity that compose 
all matter. 

12. THE ELECTRON THEORY. .So far we have learned that all mat- 
ter is composed of molecules, and that these molecules may be broken 
down into various kinds,. numbers, and arrangements of atoms. Now 
let us take a single atom and investigate .its construction. In all, 
there are thought to be 92 different kinds of atoms, each 'having a 
different construction. Let us take the simplest atom of all. that 
of hydrogen. 

A. hydrogen atom consists óf two tiny electrical charges, a pos- 
itive and a.negative charge. 

The positive charga is called a "proton" and the 
negative charge is called an "electron." 

It has been definitely proved that each of these electrical 
charges 'has a certain weight and certain dimensions; thus, they are 
particles of matter. In fact, these are the absolute fundamental 
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particles of natter, no smaller particles have ever been proved to 
exist. 

If we are to understand the electron theory clearly, we must 
learn more about the proton and the electron, as well as how they 
are arranged in the hydrogen atom. 

Since the proton is a positive charge and the electron a nega- 
tive charge, they offer an attraction for each other. This state- 
ment is consistent with the fundamental physical laws: 

1. 'Like charges repel each other. 
2. Unlike charges attract each other. 

These laws are illustrated in Fig. 6, using two small balls. 
Study this drawing carefully and be sure to remember the laws it 

illustrates. 

The magnitude or strength of the positive charge of 
the proton is equal to the strength of the negative charge 
possessed by the electron. 

Thus a proton has the same repelling force and attracting force 
as an electron. Of course, aproton would repel another proton and 
attract an electron; whereas an electron would repel another elec- 
tron and attract a proton. 

FIg.6 Illustrating that like charges repel, and unlike, charges 
attract. 

When an electron and proton are brought close together (as they 
are.in all atoms), the mutual force of attraction holds the two par- 
ticles together and keeps them from flying apart. Now, it is quite 
possible that the attraction will not be to the extent that the pro- 
ton and electron are.in direct contact with each other, but, never- 
theless, they are each held in such a balanced state that they do 
not normally tend to separate. 

Now,'we encounter a most surprising fact about the electron 
.theory. 

A proton does not háue the same weight as an elec- 
tron. 

It has been found that a proton .is about 1,8,5 times as heavy as an 
electron. 

Remember, though, that the positive electrical charge of a pro- 
ton is the same strength as the negative electrical. charge of an 
electron. This leads us to believe that the light,"negative elec- 
tron is much more "active. than the heavy, positive proton. Our 
belief .is absolutely right; an electron .is many times more active 
than a proton, and therein lies ,one of the reasons for a lot of 

things which we know to be true about electricity. 
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13. THE ELECTRON. There are three very. important properties 
of an electron which you should remember. These are: 

1. Anelectron is a negative particle of electrtctty. 

2. An electron is inconceivably small. 

3. An electron exerts a repelling force on another elec- 
tron. 

:It is also. necessary for you to understand that wherever an 
electron .is found, Al will always be the same size, will have the 
same weight, and will possess the same quantity ¿if electricity. 
Likewise, all protons are exactly alike. All matter .is composed 
of electrons and protons and these. infinitely tiny particles are of 
the same composition .in all kinds of matter. 

As to the exact substance or composition of an electron or 
proton, do not let such a thing worry you, because even the most 
outstanding scientists have not been able to definitely solve that 
problem. Insofar as we are concerned .in our study of Radio and 
Television, the electron consists of a.negative charge of elec- 
tricity, and the proton.is a positive -charge. 

14. SIZE OF AN ELECTRON. Now, 1 will give you an -example to 
.illustrate the size of an electron. Scientists have estimated that 
the diameter of an electron is less than two million -millionths of 
a centimeter,' which is equivalent to approximately one -six bil- 
lion -billionths of -an inch. 

Perhaps this minute particle can be visualized easier in the 
following example. Suppose that a single drop of water'were mag- 
nified to be 1,000 times the diameter of the earth. The .cons in 
this enlarged drop would be about one mile in diameter, and the 
electrons in the atom would be approximately one inch .in diameter. 
By comparing an object having a diameter of one.inch to one having 
a diameter of 1,000 tunes that of the earth, we can obtain an -idea 
as'to the size of the electron, compared to a drop of water. 

Compared to an average atom, the electron .is about the same 
relative size as a piiii head. in the center of a cathedral. Thus, 
the electron .is an extremely minute particle, far beyond our power 
of visualization. 

No one has ever seen a single electron and .no one ever will. 
However, that does .not prevent us from learning many things per- 
taining to .its actions, because it is easily possible to study mil- 
lions of them grouped together and arrive at definite conclusions. 

It has been proved that a proton .is about 1,835 times as heavy 
as an electron. Thus, a proton .is relatively heavy,. but.ifconsid- 
ered alone, it .is still an extremely light and small particle of 
positive electricity. Fig. 7 illustrates the relative weight of a 
proton and an electron. 

15. THE CHARGE OF AN ELECTRON. We have been saying that an 
electron consists of a negative charge of electricity, but so far 
have.not mentioned the extent of this charge. It has been exper- 

t A centimeter is .3957 inch. 
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.imentally determined that approximately 6,280,000,000,000,000,000 
electrons are required to constitute one coulomb of electrical charge. 
The unit "coulomb" is used.in electrical work to designate a quan- 
tity of. electricity. This unit will be completely defined. in Les- 
son 3. Since 6,280,000,000,000,000,000 electrons are required to 
constitute one coulomb, the negative charge possessed by a single 
electron. is extremely minute. 

1 Proton ti 

Fig.7 Illustrating the rela- 
tive weight of a proton and an 
electron. Aproton weighs1.635 
times as much as an electron; 
hence 1.855 electrons will be 
necessary on one pan to balance' 
one proton on the other. 

4\ 
1,835 El ect rons 

The figures just given as to the size, weight and charge of añi 
electron have been determined by extensive experimentation and pre- 
cise calculations. It .is beyond the scope of this study to.inclnde 
a description of the method of calculation or the procedure, followed . 

during experimentation to arrive at these figures. However.,.- as ; < 
stated previously, it.is not. important that you know why these fig=-.-: 
ures áre true, but rather you should know what they are.in order'to 
understand your future study .in Radio and Television. 

16. THE PROTON. We.'have been discussing the electron:in de- 1 
tail; now, let us turn our attention to the proton. We have already i 
established certain facts concerning the proton. - 

,1 1. A proton is a positive charge or electricity. 

2. A proton.ls about 1,836 times as heavy as an electron. 
3. A proton is inactive' compared to an'electron because '.f? 

of its treater wet¢ht. 

Whereas both the proton and the electron possess the same quan- 
tity of electrical charge, the electron is by far the more active 
due to its lack of weight and inertia.% Therefore, when wé are ex- 
plaining chemical and electrical actions by use of the electron 
theory, we are mainly concerned with the activity of the electron 

\:f 

and are .not so.interested in the proton 
; 

17. THE SOLAR SYSTEM. Now that we have learned what electrons 
and protons are, let us see' how these tiny particles of electricity 
are arranged in the structure of an atom. This can best be under- 
stood by comparing the structure of an atom to something with which t'1 
we are more familiar. Ain excellent analogy of the construction. of 
an atom is found in the arrangement of our solar system. 

It.isn't.necessary that you have a complete knowledge of as- 

Inertia: That roperty of natter whereby it opposes a charge.. If it rest, it 
opposes being set in motion; if in motion, It opposes being stopped. 
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tronomy in order to, understand this analogy. Since ancient Greek 
times, astronomers 'have studied the moon, earth, stars, etc., and 
have accumulated a sufficient quantity of evidence to prove the 

.motion of the various planets'abont the sun. We are all familiar 
with the fact that the various planets are .in a continuous state 

of rotation -around the sun and that the distances between the sun 
and the planets (and between the planets themselves) is tremendous 
in comparison to the size of the planets.' 

Neptune,. 

r- 
.% "' venus :w St- I 

juranus : f , ) Í t / r. ..' 
I 

! / ' i ., 
/ ( \` y -`X' / Mars 

} ....r' Mercury , ,\,_`----t---4.----....,-.`,-,---` 
__ ;. 

.._. - Jupiter 

Sun Saturn 
i 

EartA 

Fig.s Comparison of atomic structure to, the solar system. The 
sun represents the nucleus and the planets represent the revolving. 
electrons'. 

In Fig. 8, the sun.is situated at the center of the solar sys- 

tem. The various planets revolve .in their orbits about the sun in 

a regular and continuous manner. The plants all move around the. 

sun, and.ell of them are continuously rotating about their own axes. 

We know that the earth.is_in constant rotation because the sun rises 

and sets each day. 'When the sun.is on our side of the earth, there 

are a certain.number of 'hours of daylight, and when the earth has 

revolved so that our side. is.uot toward the sun, there are a cer- 

tain number of hours of darkness:' Thus it is proved that the earth 

.is in constant rotation about its own axis through the north and 

south poles, as well as revolving about the sun.in.its.normal orbit. 

Astronomers have also proved that the other planets revolve about 

the sun, and that each of them. is .in a constant state of rotation 

about. its poles in the same manner as the earth. 

Of course,.no one can explain why our solar system.is construc- 

ted as.we know it to be. No one can explain why the planets.in the 

solar system are kept apart, nor can anyone explaim the exact com- 

position of the sun and all the planets. Thus, you see this .is a 

deep, scientific problem, one which -as yet -has never been completely 

solved. Even_thongh .no one understands the exact composition of 

the solar system, it still provides us with an excellent analogy 

for- the structure of an atom. 

18: DOW ATOMS ARE CONSTRUCTED. In an atom, there is always 

a nucleus at the center, the same as the sun is the cester'of our 

solar system. Revolving around the atom's. nucleus, there are sev- 

eral planetary -or free electrons, -the same as the planets revolve 
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about the sun.in our solar system. The electrons which revolve. in 
the planetary orbits surrounding the. nucleus of an atom do mot bump 
.into one another,. just as the planets in our.solar system .never 
collide. It is also true that the planetary electrons surrounding 
the nucleus of an atom are separated by great distances, compared 
to the relative sizes of the electrons themselves. This again .i§ 
very similar to the distances between the planets when we compare 
.those distances with the sizes of the planets. 

19. THE NUCLEUS. No one knows theexact composition of the 
sun; it is likewise true that the composition of the nucleus in an 
atom .is a scientific problem which as yet has.never been satisfac- 
t9rily solved. There are several theories concerning the nucleus 
of an atom, but so far. none of them have been proved sufficiently 
to become generally accepted. 

According to the most common belief, the nucleus of 
an atom contains many protons and several electrons (ex- 
cept in an atom of hydrogen). 

All of these electrons and protons are held tightly together' and 
cannot .normally be movedapart or separated. 

The .nucleus of an atom -has been a baffling problem for years, 
and those scientists who -have experimented considerably in an at- 
tempt to determine .its construction differ somewhat in their opin- 
.ions. We are really.not interested.in delving deeply into the dis- 
coveries that have been made, so we shall accept the general opin- 
ion, which. is as follows: 

All atoms have a nucleus at their center which con- 
sists of one or more protons. In all except hydrogen, the 
nucleus also contains several electrons, but never as many 
electrons as it has protons. Since the nucleus of an atom 
contains more protons than it does electrons, the result- 
ing charge on the nucleus of an atom is positive. It is 
this positive charge which holds the planetary electrons 
surrounding the nucleus confined within their normal or- 
bits, and keeps them from breaking away to destroy the nor- 
mal structure of the atom. Since the planetary electrons' 
are all negatively charged, they are attracted by the pos - 
./Ulm nucleus: They also repeleachother, thus prevent - 
ing colltstons between them as they revolve. 

There are three. important. points to remember about the.nucleus 
of an atom. These may be listed as follows: 

1. The nucleus of an atom is always positive because tt 

contains more protons than electrons. 

2. The nucleus of an atom offers an attraction for the 
electrons .in the planetary orbits, thus holding the 
atom together in an electrically balanced condition. 

Protons normally repel each other. In the nucleus they are held together by 
what the scientists call "binding energy. No one knows what this *binding energy ac- 
tually is. 
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3. The nucleus "of 'an atom Is very hedvy (due -.to the 
lane number of protons which .tt contains): there- 

- fore, it .ta" inactive, both chemically and electric- 
ally. 

20. ELECTRICAL BALANCE OF -AN ATM. In a .normal atom, 
total number of electrons .is equal -to the total number of protons; 
Whereas the .nucleus- contains all, of, the protons and. a few of the 
electrons, the retaining electrons necessary to equal the total 
charge of all of the protons are contained .in the planetary orbits 

' surrounding the positive nucleus. This .is an. important fact and 
' 'you should remember .it. 

. An atom ;is balanced electrically, which means thee 
it dose not possess an excessive' negative nor an execs- - 
siue positive charge. 
All atoms are electrically :neutral,when in a normal condition; 

'hence, á normal atom does not show evidence of being charged with 
electricity. 

I. 

R 

/ 

1 

/ .0** 

-.t, X i y. i. 
- 

' // h i 

- 

.00 

'+c - I_ 

1 I \ - / ,1 `\ 
.... -\ ', / - ! .,.. . 

1----.-.- 
." , /.\ . 1 i.. 

N. 

Fig., Drawing to .illustrate the structure of a cowplete atom. 

Notice the nucleus and the free planetary electrons. 

.- $rhaps the thought has come. into your mind as to what exists 
:between the planetary electrons and the. nucleus, e.s. well as between 
the planetary electrons themselves. This space.is called the "ether." 
The ether .is another of those intangible things that you will have 
to. visualize .in your mind. 'Really, 31 is sparely .imaginative sub- 
stanoe, because it does not consist or sal tangible particles known 

tó science. Ether may be called that spice between the planetary 
17 



electrons and the .nucleus of an atom. It has often been stated that 
radio waves travel through the ether. This will be discussed .in a 
later lesson and 'I am sure you will understand much more about .it 
at that time. 

21. THE COMPLETE ATOM. Fig. 9 shows an imaginary view of an 
atom with its nucleus at the center, the electrons revolving 5n the 
planetary orbits, and the ether which constitutes the'. intangible 
substance between the planetary electrons and the nucleus. 

Prom this description of the construction of an atom, I am sure 
you have a picture of it. fixed :in your wind. Again I want to stress 
the point that even though we cannot satisfactorily explain the con- 
position of an electron or a proton, we know that they do exist and 
that they are the particles of electricity which compose all atoms 
.in the universe. No one can satisfactorily explain the reason for 
the existence of the electrons and protons, but it has been proved 
time and time again that they are the basic particles from which all 
matter .is composed. 

All atoms are constructed differently .insofar as the number of 
electrons and protons are concerned. The simplest atom .is that of 
hydrogen. :It consists of one proton .in the nucleus surrounded by 
one revolving planetary electron. This.is.illnstrated at .A in Pig. 
10. .. o _\lA) ` '( (g) 

/ Proton \\ ` %/ Nucleus 
/ .V 

Electrons; 
OOC / i 

lElectr / / I \ / 
............. 

/ 

FI9.10 (A) Illustrating by diagram the structure of the hydrogen 
atom. (I) Illustrating bydiaprem the structure of the helium atom. 

The next atom in line .is that of helium, which has a .nucleus 
consisting of four protons and two electrons. The two remaining 
electrons necessary to completely balance the atom exist .in plan- 
etary orbits surrounding the nucleus. A drawing of this construc- 
tion is shown at B in Pig. 10. 

All other atoms have a more complicated atomic structure. The 
exact structure of all atoms.is.not clearly understood and we shall 
.not attempt to give any .information -regarding the construction of 
the more complicated ones. Our work .in, Radio and Television does 
not require that we know the exact structure of all kinds of atoms, 
but we must remember that all atoms consist of a positive =clew 
surrounded by free negative electrons. 

22. ATOLLS DIFFER FROM EACH OTHER. The reasons that atoms 
differ from each other in physical, chemical, and mechanical char- 
acteristics is because of the 'difference in the number of electrons 
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and protons oontlined in.them, and the differences in the arrange-. 

meat of the electrons and protons. 
For many, many years, chemists tried to change the atoms from 

their original construction. For example, they made many attempts 

to change iron and copper into gold. All of these attempts were 

unsuccessful, simply because they were unable to destroy the orig- 

inal construction of the nucleus in.the iron and copper atoms. .It 

is not possible to change en element into another element unless 

.the nucleus of the atom is changed. 
Our modern scientists still try to change the atoms, but, so 

-far, they too have been unsuccessful except for a very few of the 
invaluable elements, such as magnesium, neon, and carbon. 

- 23. THE PLANETARY ELECTRONS. Getting back to the relationship 

between the electron theory and the study of Radio and Television, 

we shall now consider the importance of the. electron theory in fun- 

damental electrical actions. We have previously stated that an atom 

is electrically balanced, meaning that it has the same number of 

protons that it has electrons, when in a normal condition. If an 

atom contains 12 protons, it also has 12 electrons. 

An electrically balanced atom does not exhibit any. electrical 

influence on a neighboring atom. In the foregoing example, it was 

stated that 12 electrons and 12 protons were contained in the atom. 

It is immaterial asto whether:the 12 electrons exist entirely in 

the nucleus, entirely in the planetary orbits, or part of -them in 

the nucleus and part of them in the planetary orbits. In reality, 

the structure of en atom of this type is such that some of the elec- 

trons are held'with the' positive. protons in the nucleus, and the 

remaining electrons exist in the planetary orbits surrounding the 

nucleus. . 

23. POSITIVE AND NEGATIVE IONS. Those electrons which are 

held tightly within the nucleus of the atom are called the "fixed" 

electrons, and it is impossible' to remove them from the nucleus. 

On the other hand,. the planetary, or"free",electrons are in a state 

of constant revolution about the nucleus and it is very possible 

for one or more of these electrons to be temporarily removed from 

the atom by some external force. Of course, when this is done, the 

atom is in an unbalanced condition and will possess more protons 

than it has electrons. Since the total of the positive charges then 

exceeds the total of the negative charges, the atom will exhibit a 

positive electriCal influence on neighboring atoms. 

An atom.tn an unbalanced condition -is known as an 

"ion." If an .Mort has more protons than it has electrons, 

it is known as a "positive ton," whereas if .it has sore 

electrons than protons, it is known as a "ne*atiue ion." 

Even as it is possible to remove the free. electrons from an 

atom, it is, likewise possible to add electrons to the planetary or- 

bits. If this is done, the total -of the negative charges exceeds 

the total of the positive charges, and the normal atom has'become 

Except for the few atom previously went ionod. 
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a "negative ion." Hence, an atom may be-nnbalanced-either in a 

positive or negative direction, depending upon whether it has a de- 

ficiency or an excess of electrons in its planetary orbits. 

Removing or adding electrons to the planetary orbits of en atom 

does not mean that the atom itself is changed from one element to 

another. You -will recall that in a previous paragraph, we stated 

that in order to change from one element to another, -it lasneces-, 
sary-to:change the composition -of the nucleus. 

24. TEE FREE 'ELECTRONS IN MOTION. Of all' the electrons and 
rotons oomposing an atom,_ we are primarily interested in the free 
(planetary) electrons which are revolving about the,nucleus. These 

electrons are free to move whenever an external force of such a na- 
ture is applied that.it.can set then into motion: Herein, we have 

the underlying explanation for many electrical actions. 

The free electrons can be moved from atom to atom 
.in a definite direction through a conductor. This ,is 

called the "flaw" of an electric current. 

- Also, it is possible to accumulate many, many electrons at one 

particular point and, at the same time, cause another' point to be 
very deficient in electrons.'. The point that has been caused to 
accumulate an excessive number of electrons is highly negative,. 
'and the point which has been robbed of its electrons is left with 
an, excessive number of'protons and is highly positive. 

Conductor I 

ryri-T. 
Dsficiency 

Í 

of 
Electrons 

Excessive 
Electrons 

leaving 

Current- Flow 

11-5\ 
Electrons being 
gained so atoms 
return to nonsal. 

- . 4 . . . . . 

Fip.ii Illustrating how an electron -moving force produces a cur= 
rent flow through a conductor. - . - 

This is exactly what happens in a battery; that is, the posi- 
tive pole of the battery has been robbed of electrons from its 

atoms, whereas the negative,pole of the battery has had an exces- 

sive number of electrons added to its normally balanced atoms. The 

chemicals is the battery canse this electron transfer. 
Fig. 11 at A shows two round bells which have been "charged", 

electrically; that is, electrons have been taken from the one on - 

the right (leaving it positive) and added to the one on the left - 

(making it negative). A conductor is shown -above these bells, but 
notice that the conductor is not. -in contact with either of them, so 

Electrons cannot be created nor destroyed; a gain.at one place mean a -loss at 
another. 
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the free electrons in the conductor are noving at random in all di- 
rections. 

Now when the conductor makes contact with both halls as shown 
at B, the excess electrons on the left ball pass through the con- 
ductor to the right ball. Thus, we have acurrent flow through the 
conductor from left to right. This flow continues until the pre- 
viously accumulated charge is lost entirely. If these balls repre- 
sented the poles of abattery, they would be kept charged for along 
time by the chemical action taking place inside the battery. 

Fig.12 Electrons move from 
the negative to the positive 
terminal of a battery. 

Negative 

Po1ey 

Electron or 

Curr.nt flcv 

PE1TF 
rmw 

Posit ive 
Pole 

In Fig. 12 the two poles of a battery (the positive and nega- 

tive poles) are connected across an electrical conductor. An elec- 

trical current will pass from the negative pole of the battery.to 
the positive pole. This electrical current flow, as we call it, 

actually consists of an electron movement from the negative pole, 
which has an excessive number of electrons accumulated on it, through 
the conductor to the positive pole which has a deficiency of elec- 

trons. The fundamental laws of attraction and repulsion cause this 
movement. Much more information on this action will be given in.a 

following lesson. 

:5. viy+ yr/ J 
T ``i 71 

;.11; 5 ti Zt( 

,Fig.13 Enlarged view cf conductor, showing several atoms--elec- 
trons drifting from left to right. 

Knowing the electron theory, it is possible for you to under- 

stand exactly the nature of an electric current flow, and later it 

will be possible for you to explain and predict the many actions in 

electrical circuits. The importance of the electron theory should 

be quite evident for this reason. 

Since the electron theory clearly explains what happens when 

an electrical current flews through aconductor, let us investigate 

this phenomenon a little further to see how the electrcn transfer 

takes place. 
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In Fig. 13 we have shown a greatly enlarged section of a copper 
conductor. Let us assume that a pressure (electron -moving force) 
is applied across this conductor in such 'a direction as to cause 
the electrons in the atoms to move from left to right. Only @ few 
of the atoms in the copper conductor are shown; -it isimpossible to 
show all of them. 

The electron -moving force will be in such a direction as to 
cause a continuous movement of the electrons from atom to atom, from 
the left to the right. The free electrons in the outer orbits of' 
the respective atoms are the ones that are going to move from atom 
to atom: The fixed electrons in the nucleus will not be moved. 

This electron movement from atom to atom constitutes what we 
normally call the flow of an electric current through the conductor, 
and it is this flow of current which does the work in an electrical 
circuit. The movement of electrons produces heat in the conductor 
and establishes a magnetic field around it. These are the two im- 
portant effects of current flow which you will study thoroughly in 
a later lesson. 

25. THE ELECTRON -MOPING FORCE, Now you might ask the ques- 
tion, "How is it possible to develop an electron -moving force across 
a conductor in order to produce an electron movement from atom to 
atom?" This can be done by the use of a battery, a generator, by 
friction, or by several other methods which will be subsequently 
explained. 

The electron-moutnf force applied across a conduc- 
tor to cause an electron mduement is known as the "volt- 
aje 

26. CONCLUSION. It would be possible to go much further into 
the details concerning the structure of an atom and give you more 
information regarding the electron theory.. However, such a detailed 
discussion is not essential for the study of Radio -Television. In 
this lesson, I have presented sufficient facts so that you will be 
able to understand clearly the information to follow in the future 
lessons. -. 

I have not given definite proof for several of the statements 
that I have made; however, you must understand that'even the great- 
est scientists are not absolutely certain as to the manner by which 
many of these facts could be proved. I expect you to accept such 
statements as being true. 

We know that electrons and protons actually exist and we know 
that all atoms are composed of -these tiny particles of positive and 
negative electricity. Then, again, we know that the atoms combine 
to make molecules and that the molecules are the substance of all 
matter. The number of molecules.inthe universe.ts unlimited; there 
are 92 different kinds of atoms; and all electrons and protons are 
alike. These are the important facts for you to remember. If you 
will do so, you will have no difficulty in understanding the infor- 
mation given in the lessons to follow. - 

In the next lesson, I am sure you will be interested in the 
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connection between the electron theory and such fundamental elec- 

trical terms as: voltage, current, resistance, power, etc. All 

fundamental electrical operations have long been dependent upon the 

electron theory, but it has only been in the past few years that 

scientists have been able to explain the electrical actions using 

this theory. 
Since you are just starting the study of Radio and Television, 

you must know the fundamental laws of electricity; all of these laws 

will be very easy and simple now that you understand the basic prin- 

ciples of the electron theory. 
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JACK AND BILL .. . 

Jack and Bill were pals. Being about the same age, 
they went to school, made the team and enjoyed their youth 
together. Both boys came from respectable families who 
had great hopes for their futures. Jack and Bill had great 
hopes, too. They were confident that success in life would 
be theirs. 

Then, almost without warning, their school days were 
over. Bill. wént away to college, but Jack had to stay 
home because his folks had to meet unexpected expenses. 
They parted with the remark, 'We'll meet each other at the 
top of the ladder.' But for some reason, the passing years 
saw Jack making steady, upward progress, while Bill seemed 
to be slipping. Why? 

The answer to'this question is quite simple. Bill 
failed to set a definite goal forhimself and drifted into 
a rut. On the other hand, when Jack found he could not 
go to college, he got a modest job and set out to educate 
himself at home through the medium of an Extension Course. 
He mixed work, pleasure and study wisely and one day found 
himself in possession of one of the main essentials to 
success specialized training that fitted him for a 

job in an industry that was expanding. 

Armed with his specialized training, Jack went after 
a job with determination. He didn't merely hope and wish 
for success as Bill did. He backed hishopes up with en- 
ergy and action and got what he wanted. 'Gee, but Jack 
was lucky,' said Bill. 'Wish I would get a break once in 
a while.' But it wasn't luck and it wasn't a break that 
put Jack over the top. It was his grim determination to 
stick to what he started and to. qualify himself for the 
kind of a job that would enable him to enjoy life's many 
pleasures. Make up your mind NOW that you are going to 
follow Jack up the ladder to success. Stick to your stud- 
ies with determination. 
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Lesson Three 

FUNDAMENTA. 
`DEFINITIONS e 

,a ry 

"I know that you are anxious / 
et+' 

to jump right into the study of ` á 

Radio; however, everyone agrees that I 

a good foundation must be built to 
support a strong and sturdy building. 

"These fundamentals of Electricity are '"' 
not to be memorized; however, you must be so 
familiar with them that they will nearly become a second nature to. 
you. The material in this lesson will be used constantly..through- 
out the balance of your course." 

1. TEE DEFINITION OF ELECTRICITY. Electricity may be de- 
fined as a material agency which, when in motion, exhibits magnet- 
ic, chemical and thermal' effects, and when at rest is accompanied 
by an interplay of forces between associated localities in which 
it is present. Electricity in motion is often called dynamic elec- 
tricity, while electricity at rest is often called static electric- 
ity. 

It is necessary to have some fundamental understanding of 
electrical actions in order to interpret the definition of elec- 
tricity just given.. ;For that'reason, if you find the definition 
is not entirely clear, disregard it for the present, and after 
learning the fundamental electrical laws as explained in the next 
few lessons, refer to this definition again to obtain a more com- 
plete understanding. 

Several authorities prefer to define electricity as being a con- 
veyor of energy. This means that by the use of electricity, it is 
possible to transport or transmit energy from one point to another 
point. A mechanical analogy for this particular definition is found 
in the manner by which a belt transmits energy from a steam engine 
to a pump (See Fig. 1). The belt itself only serves as a means, of 
transporting the -energy generated by the steam engine to the pump. 
Likewise, we consider that electricity is used to transport or carry 
the energy from an electrical generator to an electrical device of 
some kind. 

For explanatory purposes, we have found that it is preferable 

' Thermal: Pertaining to heat. 
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in several cases to consider electricity as being analogous' to a 

fluid rather than attempting to base all explanations entirely upon 

the electron theory. The fluid analogy does not conflict in any 

way with the electron theory and is used only in those cases where 

the particular electrical action can be made more clear. We would 

Fig.t A mechanical analogy for the transmission of energy. The 

energy produced by the Steam engine is transferred to the centrif- 

ugal pump by the belt. 

like for it to be understood that throughout our explanations of 

electrical actions, we shall utilize the type of explanation which 

is most easily understandable, is correct accordinI to all electric- 

al laws, and conveys an interpretation which can be applied in all 

cases. For certain actions, we deem it advisable to employ the 

electron theory, while for others we shall use water or air anal- 

ogies. 

2. THE NATURE OF ELECTRICITY. Far more important than the 

actual definition of electricity is a description of how it acts 

and how it can be directed and controlled so as to do useful work. 

Everyone is familiar with the fact that electricity can be made to 

1,4 

Fig.2' Electricity has the ability to do work. The incandescent 
lamp will produce light, the electric saw will r.in, and the Radio 

set will play when electricity is supplied to them. 

furnish illumination, cause bells to ring, motors to run and do 

useful work by producing heat. (See Fig. 2) These are the import- 

ant facts and represent the practical application about which 
it is 

necessary for us to possess a useful and working knowledge. 

I. Analogous: Resembling in certain respects, or having :s similar function. 
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When studying the electron theory, we found that all matter is 
' ultimately composed. of. minute particles of negative and positive - 

electricity. Using this as a basis, we can safely make the state- 
ment that electricityacts as though it were a weightless,. invis- 
ible, non -compressible fluid, permeating all space and saturating 
everything. It must be borne in mind that electricity is not re - 

.ally a fluid, but if the student will visualize that electricity 
acts as an imaginary, special kind of fluid, then many of the ac- 
tions will be clearerand more understandable. Many years ago, 
Benjamin Franklin advanced the theory that electricity was a fluid, 
because so many of the electrical performances substantiated this 
theory. It has since been proved, however, that this is not true. 
The proof lies in the electron theory,. 

e-. IOW 

1' 

jr: ̀  

Fig. Electricity cannot be created. The generator and the bat- 

tte ery.shownbareeterely devicoes 
whereby electricity already in exi -. 

can 

Being certain that all matter consists of tiny electrical 
charges, we are next confronted with the fact that it is impossible 
to, "generate" electricity. This statement may seem rather absurd 
because we are accustomed to calling certain electrical machines 
"generators" and.also the assumption that a battery generates elec- 
tricity is quite popular. These devices in reality are merely ar- 
rangements whereby electricity already in existence may be forced 
to. move, but -they; themselves do not actually create or generate 
the electricity: (See Fig. 3) Every object in the entire universe 
may be regarded al an enormous reservoir of electricity (the elec- 
tron theory) and the electricity in the object can be made to move 
under -suitable conditions. When these suitable conditions are sat- 
isfied and electricity is moved .through an object (dynamic elec- 
tricity), work is done; but as long as the electricity remains -sta- 
tionary or at rest (static electricity), mo useful work is accom- 
plished. 

In order to clarify these statements into a more definite un- 
derstanding, let us use a water analogy .as our first example. In 
Fig. 4, we have 'a hydraulic circuit consisting of a water pump, a 
water wheel, a valve, a reservoir and the connecting pipes. We 
shall illustrate how this hydraulic circuit is similar to the elec- 
trical circuit as shown in Fig. 5. The electrical circuit:consists 
of a battery, an electric bell, a switch, and the connecting wires. 
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Considering the hydraulic circuit, we know that the pump is 

eapable'of producing,a pressure which will cause the water to flow 
around 'through the . pipes ' if. the valve is open.. If the valve is 
closed, there will be no movement of water through the pipe's, re- 
gardless of the pressure produced by the pump, because it is impos- 
sible for the water to pass through the closed valve. As soon as 
the valve is opened, the water will pass through the nozzle of the 

,Rg571r, x 

i -r-;a, 
Fig.; This hydraulic circuit is capable of doing work (turning 

the water wheel) when the valve is opened and the water motor is in 
operation. The water motor causes the movement of water through 
the circuit. 

FIg.5 Thiselectrical circuit is also capable of doing work(ring- 
ing the bell) when the switch is closed. The battery causes the 
'movement of electricity through the circuit. 

upper pipe and strike the blades of the water motor. The water, 
upon striking these blades, will cause the wheel to turn. The water 
then falls into the reservoir beneath and passes back to the pump 
through the bottom pipe. In this. case, the moving water -has done 
work, the work consisting of moving the wheel on the water_motor. 
It is particularly important to bear in mind that every portiop of 
this entire hydraulic circuit consists of matter: The pump, the 
pipes, the valves, the blades of the water wheel; and the water it- 
self all have an actual physical existence, and are therefore com- 
posed -the same as all other matter; that is, composed of molecules; 
atoms, electron§, and protons. Now consider the electrical circuit 
as shown in Fig. 5. Here the battery corresponds to the water pump, 
the switch corresponds -to the valve, the bell corresponds to the 
water motor,.and the wires are analogous to the connecting pipes. 
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The electricity (static) which fills the electrical circuit corres- 
ponds to the water which fills the hydraulic circuit. 

As long as the valve remains closed in the water circuit, 
there will be no water flow and the wheel of the water motor will 
not be revolved. The same is true of the electrical circuit; that 
is, as long as the switch remains open, there will be no flow of 
electricity around through the circuit and the bell will not ring. 
As soon as the valve is opened in the hydraulic circuit, the pump 
will force water through the pipes and over the blades of the water 
wheel, thus setting it into motion. Likewise, in the electrical 
circuit, the instant the switch is closed, electricity will flow 
around through the electrical circuit, causing the bell to ring. 

The energy expended by the water pump is responsible for the water 
flow and the motion of the wheel. In a similar manner, the energy 
expended by the battery is responsible for the flow of electricity 
through the wires and the ringing of the bell. 

The battery in this circuit does not "generate" electricity 
any more than the water pump in the hydraulic circuit "generates" 
water. The battery serves merely as a force to cause the electric- 
ity to move, the same as the water pump causes the water to move 
through the hydraulic circuit. 

3. VOLTAGE OR ELECTRICAL PRESSURE. In the above example, it 
would have been impossible to cause any water to flow through the 
hydraulic circuit were it not for the pressure produced by the water 
pump. The water pump served as a means of supplying the pressure to 
move the water. 

The same is true in the electrical circuit shown in Fig. 5; that 
is, in order to ring the bell, it is necessary for electricity to 
flow through the wires, and the only means whereby the electricity 
can be set into motion is by the electrical pressure produced by the 
battery. If the battery were removed from the circuit, regardless 
of whether the switch was opened or closed, there would be no move- 
ment of electricity through the wires and the bell would not ring. 

It is quite obvious, then, that in order to cause a movement of elec- 
tricity through a circuit, an electrical pressure is required. To 

secure this electrical pressure, it is necessary to expend some other 

form of energy. 
There are five ways by which this electrical force or pressure 

may be produced; however, only two of them have much commercial 
value. These five ways are: 1. Friction (expending mechanical en- 

ergy) ; 2. Induction 
s 
(expending mechanical energy) ; 3. By the expen- 

diture of chemical energy; 4. By the expenditure of heat energy. 

(See Fig. 6); 5. The expenditure of light energy. The first, fourth 

and fifth of these methods are very seldom employed, while the sec- 

ond and third methods of generating an electrical force or pressure 

% Energy is defined as the capacity for doing work. 

º The law of the conservation of energy states that man is unable to create or de- 
stroy energy. He can only transform it from one kind into another. 

Induct ion. is a process relating to the association between electricity and 
magnetism. It will be completely explained in Lesson 10. 
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are quite common in. our everyday life. 
Every time you'start an electric motor, turn on an electric 

light, or ride on an electric trolley car, you may be assured,that 
the pressure pr force which is causing the electricity to move and 
thus accomplish the work being done has-been secured by induction. 
The large steam turbine which drives the high-powered generator in 
a power plant,,the gasoline engine which drives the farm generator, 
or the large water wheel which turns the electrical generator are 
all illustrations of the expenditure of mechanical energy in order 
to obtain the electrical pressure from, the generator by induction: 
These devices merely serve to transform energy from mechanical into 
electrical and do not actually cause the creation or origination of 
electrical energy. 

Fig.6 These illustrations show the five methods of producing an 
electrical voltage. (A) Induction. (B) Chemical. (C) Heat. (D) 
Friction. (E) Light. 

All batteries are representative of the third .method given for 
the production of an -electrical pressure. The reason batteries are 
capable of causing a movement of electricity through acircuit is 
due to the chemical action which occurs between the elements and 
compounds composing the battery. As soon as no more chemical energy 
is available from the battery, it is necessary to discard thebat- 
tery and replace it with a new one or to recharge it. 
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When a battery wears out or runs down, ít signifies that the 
chemical energy formerly possessed by the battery is depleted and 
there is no more energy available 'to cause the production of an e- 
lectric pressure or force. 

From this discussion, it should be very apparent that it is ab- 
solutely necessary to have an electric force or pressure in order 
to establish a movement of electricity through the circuit. Next, 

we will consider exactly what constitutes the movement of electric- 
ity through the wires composing the electrical circuit. 

4. CURRENT OR ELECTRON FLOW. Let us assume that the wires 
used for connecting the parts of an electrical circuit are made of 
copper. By referring to the electron theory, we know that the cop- 
per wire consists of copper atoms, each of which in turn is composed 
of a nucleus with planetary electrons revolving around it. When an 
electric pressure is applied across a wire or circuit consisting 
of such atoms, the electric pressure will cause a movement of elec- 
trons from one atom to another. In other words, the pressure is 
really an Electron Moving Force because it is of .such a nature that 
it is capable of establishing this electron movement from one atom 
to another. The exact meaning, then, of electricity moving through 
a wire is that electrons are being transferred from one atom to 
another through the wire. The direction of the force which is ap- 
plied across an electrical circuit will determine the direction of 
the electron movement through the wires. The electron -moving force 
may be applied in one direction, thus causing the electrons to move 
in that direction; then if the electron -moving force is reversed, 
the direction of the electron movement through the circuit will also 
reverse. It is quite important to bear in mind that the movement 
of electrons from one atom to another through a circuit is caused 
by the presence of the electron -moving force, and without this force, 
there could be no movement whatsoever. 

We are now prepared to apply definite names to the electron -mov- 
ing force and the electron movement of which we have been speaking. 
The electron -moving force is very often called an electromotive force, 
(abbreviated e.m.f.), but the word voltage is more popular. Regard- 
less of whether the expression electromotive force or the word volt- 
age is used, we always mean exactly the same thing; that is, the 

electrical force which causes an electron movement from atom to atom 
through a conducting medium. 

The flow of electricity through a wire is actually the movement 
of electrons from one atom to another and the phrase applied to this 
phenomenon is current flow. The definition for current flow is that 
it consists of the movement of electrons through a conducting medium. 

A conducting medium is defined as any object which will serve as a 
medium for the transmission of electricity. A current movement or 
flow through a conducting wire may be considered the same as the flow 
of water through apipe. It is impossible for water to move through 
a pipe without a pressure of some kind behind it; likewise, it is 
impossible for electrons to flow through a conductor without an elec- 
trical force. 

It can be seen in Fig. 4 that a water pressure exists behind 
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the closed valve, but that no water will flow. Likewise, in the 
electrical circuit shown in Fig. 5, electrical pressure or voltage 
exists behind the open switch, but no current will flow until the 
switch is closed, thus completing the circuit. From this we can 
conclude that it is possible to have voltage without a flow of cur- 
rent, but a current flow cannot be established through a circuit un- 
less a voltage is applied. 

5. UNIT FOR MEASURING VOLTAGE. In everyday life, we are ac- 
customed to using certain units and their subdivisions to express 
distances, time, numbers, values, etc. The inch, foot, yard, mile, 
etc., are all units for measuring distances, and the penny, nickel, 
dime, quarter, half -dollar, dollar, etc., are all used to express 
certain amounts of money. In electrical work, also, certain units 
must be employed in order to express the values of current and volt- 
age. These practical units have been very carefully selected and 
at the present time are adopted as standard by nearly all countries 
of the world in order that they may be the same internationally. 
The units used in Radio and Television work must also be the same 

(A) ' 

Dry Cell 

1. 5 Volts 

(B) 
Storage Battery 

6 volts 

Light Bulb 

110 Volts 

(C) 
Generator 

(D) 500 Volts 

Fig.7 Illustrating theword 'voltage." The dry -cell produces 1.5 volts; the battery 6 volts; the light bulb requires 110 volts toil- luminate it, and the generator delivers 500 volts. 

as those used in all other types of electrical work. It is easy to 
understand the confusion which would result if different trades 
adopted different units or if the units did not have the same value 
'in all countries. The units given for measuring voltage and current 
in the following paragraphs are the standard International practical 
units. 

The volt' is the standard unit used to measure electromotive 
force (electrical pressure). As examples of various values of volt- 
age, the single cell shown at A, Fig. 7, will prcduce a voltage of 
approximately 1.5 volts, the storage battery shown at B produces a 
voltage of approximately 6 volts, the incandescent lamp shown at C 

1 The great Italian physicist Count Alessandro Volta (17u5-1827) was the inventor 
of the electroscope, the condenser, and the voltaic pile. He was ennobled by Napoleon 
for his scientific services. The volt, the practical unit of electrical pressure, is 
named in his honor. 
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u Simple El.ectron 
t;I . 

. 

usually requires 110 -volts to illuminate it to fltil 'brilliangy súd ' 

the electrical generatoy shown at D is oapsble of producing an out- 
put voltage of 500 volts. These are given merely to illustrate the 
meaning of the word volt; that is, the volt is slwroys employed to 
designate the extent or amount of-electrioal.pressnre. 

' 6. UNIT FOR quern OF E[FCTRICITY. Before defining the emit 
employed for the rate of current flow, it will be necessary to learn 
of the unit whioh is used to designate ,a quantity of electricity. 
This unit was given in the preceding lessonl however, we deem it ad- 
visable to give s more thorough definition oflt at this time; The 
unit of measurement for a quantity of eleotrioity is the ooulcmb; 
and by definition: One coulomb consists o/ 6,280,000,000,000,000,000 

- 

electrons. An electron, 'you will recall, represents s negative 
charge of electricity. Now by grouping 6,280;000,000,000,000,000 
46.28 x 10") electrons, we will have one coulomb of eleotrioity 
So, the unit ooulomb is, merely used to specify a larger quantity 
of electrical charge than that -possessed by a single electron. 

: 

Drop of water 

(A) 

- 

,} ' -' (B) Gallon_of. Water 

. (C) .-:. 
,rY, ' y 

. .1" - - 

D) 1¿j\, 
.févj;?' 

I Coulomb, 'Or 

6,200.000:000,000,000:o0Ó electrons. '," . 

Flea, Illustrating the coulomb: One electron Ise small Part of 

Ili 

a Coulomb, the same as one drop of- water Is a small part of a gallon. 

' This den be compared to water, thereby 'securing a, more olear :con- i 
oeption of the relationship. One 'd><lDp ofwater as shown at A, Fig. 
8, is a quantity .of water; however, it is a very small quantity. 

! If we group or amass a sufficient number of.drops,3ito a sin- 
gle container, we will then have s gallon of water. A gallon of 
water as shown at,B, Fig. 8, is also s quantity of water but it is 
a much larger quantity than a single drop. Likewise,asingle oleo-.' 
tron represents a. certain quantity of electricity as shown, at C, 

F 

r - 9. 
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Fig. 8, .and when 6,180,000,000,000,000,000 of these electrons are 

grouped together (D), we then have one coulomb of electrical charge. 
The unit coulomb, then, designates a definite quantity of electrical 
charge. In several of the future lessons, it will be necessary to 
use the unit coulomb considerably; however, at the present time we 
are interested in the coulomb only as it will be used to define an 
ampere. 

7. UNIT FOR MEASURING CURRENT. Previously we found that cur- 
rent flow means an electron movement through a conductor. Now we 
are vitally interested in two important facts about this electron 
movement. First, we are interested in the number of electrons that 
are moving; and second, we are interested in the relative speed at 
which they are moving. The forward speed of the electrons is just 
as important a factor as the quantity. The unit ampere has been 
chosen to represent both the quantity and the relative speed of the 
electron movement. By definition, one ampere is egúai to one cou- 
lomb passing a given point in a circuit in one second of time. An- 
alyzing this definition and stating it in a little tifferent manner, 
it means that a certain number of electrons (one coulomb) are pass- 
ing in one direction by any selected point in a circuit in a certain 
length of time (one second). This exact quantity of electrons mov- 
ing forward through a circuit at this speed constitutes what is un- 
iversally known as one ampere of current flow through a circuit. 
This relation is generally expressed by the equations: 

Amperes = Coulombs _ Seconds, 

Coulombs = Amperes x Seconds, 

Seconds = Coulombs _ Amperes. 

If there are two coulombs passing in one direction by a given 
point in a circuit in one second of time, there will be two amperes 
of current flowing through the circuit. Similarly, if there is one- 
half coulomb passing a given point in a circuit in one second of 
time, there will be one-half ampere of current flowing. An ampere, 
then, is a unit for measuring the rate of current flow. 

In a preceding paragraph, we used the expressions "relative" 
speed. and "forward" speed of the electron movement. Before contin- 
uing, it is advisable to discuss the nature of a current, flow more 
in detail so as to make certain that a correct conception of this 
phenomenon is obtained. When it is said that a current is passing 
through a wire, it is very true that there is an electron movement 
in a definite direction through the wire from negative to positive. 
However, these electrons do not move at a high rate of speed through 
the conductor; that is to say, the progressive or forward motion of 
the electrons in one direction through the conductor is very slow. 
Several seconds will possibly be required for one single electron 
to move a distance of one inch through the wire. This slowness of 
the actual forward movement of the electrons is due to the fact that 
they are constantly colliding with the atoms in the metal wire, con- 
sequently retarding their progressive motion. On the other hand, 
it must not be thought that the actual velocity of the electron 
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when passing from one atom to the next is slow. If it were.not for 
the constant collisions 'with the atoms os the metal in the wire, the 
electrons would attain velocities many millions of times as great 
as their average forward movement. However, since the size of the 
atoms or molecules in the wire is many thousands of times as great 
as the size of the electrons, the numerous collisions prevent arap- 
id progressive motion. The electrons, therefore, bound and rebound 

at tremendous velocities in the wire, but always move toward the 
positive terminal of the voltage source, thereby producing an eleé- 

tron drift toward the positive pole through the entire conductor. 
An electron would acquire a tremendous velocity if it did not 

collide with the larger masses of the atoms or molecules. An exam- 
ple proving this statement is seen in hot metals. Heating a body 

increases the vibrating rovements of the atoms anc molecules tre- 
mendously. Under this ccndition, the electrons may be accelerated 
.to such ahigh degree that they are actually forced out through the 
surface of the metal. As the electron departs from the metal, its 

velocity may be in the order of thousands of miles per second. 
Even though the progressive motion of an individual electron 

is slow, the electrical impulse or disturbance created when an elec- 

tron moves is exceedingly fast and actually attains a velocity as 

fast as the speed of light (186,000 miles per second). The rapid 

movement of this impulse can best be understood with an analogy: 

Suppose we have a pipe 10 feet long which is filled from one end to 

the other with marbles. If the outside marble on one end of the 

pipe is pushed, a marble will fall from the other end of the pipe 

almost immediately. Now the actual forward movement of the marble 
which was pushed was only a very short distance; however, the im- 

pulse created by the progressive motion of that marble was trans- 
mitted from marble to marble through the entire 10 feet of the pipe 
at a very rapid rate, resulting in the marble at the other end fall- 

ing out almost at the same instant the first one was pushed. Like- 

wise, the impulse created by an electron when it moves forward trav- 

els at a tremendous rate of speed through the entire length of con- 

ducting wire even though the electron itself moves only a short dis- 

tance. 
From this discussion, it is evident that along period of time 

would be required for one certain electron to start from the nega- 

tive terminal of a voltage source and reach the positive terminal. 

It has been estimated that about 3 hours are required for a single 

electron to progress a distance of 1 yard through a wire when the 

measured rate of current flow is 1 ampere. If it were not for the 

many collisions and rebounds encountered by the electron, it would 

progress this distance in a small fraction of a second. The pro- 

gressive or forward speed of the electron is that speed which must 

be taken into consideration when calculating the amperes of current 

flowing through aconductor. As has been stated, this forward speed 

is extremely slow; hence, an exceedingly arge number of electrons 

must be set in motion in order to have 1 coulomb passing by a given 

point in one second of time. One coulomb per second constitutes one 

ampere. 
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Summarizing this discussion, the actual progressive movement 
or forward speed of an electron through aconductor is very slow be- 
cause of the collisions encountered and the distance lost when it 
rebounds; however, the impulse or disturbance which an electron cre- 
ates when it moves forward is transmitted from atom to atom through- 
out the entire circuit at an extremely high velocity. The signif- 
icance of this is that when aswitch is closed in an electrical cir- 
cuit, electrons are moved, currentflows, and electrical work is 
done throughout the entire circuit almost instantaneously, but the 
actual forward speed of one individual electron in the circuit is 
extremely slow. 

(C) 

1 
Fig.9 Using the word 'ampere*. A current of .25 ampere passes through the incandescent lamp, 5 amperes pass through the element of the toaster. and 10 amperes run the electric motor, 

To become familiar with the use of the unit ampere, we shall 
refer to the illustrations shown in Fig. 9. One -quarter of an am- 
pere flowing through the 25 watt lamp at A will illuminate it; 5 
amperes are necessary through the electric toaster wire as shown at 
B, in order to heat it to the proper temperature; 10 amperes will 
be necessary through the electric motor shown at C, in order to 
drive a load connected to it. These values are only for the pur- 
pose of demonstrating the use of the word ampere. 

Now that we have learned the definitions of "volt" and "ampere", 
let us study an analogy to make certain that we understand these two 
units thoroughly. Fig. 10 shows an elevated reservoir of water with 
pipes connecting to five small tanks. A valve (faucet) is connect- 
ed in each pipe directly above each tank. 

Let us first consider tank A. The valve in the pipe connect- 
ing to this tank is completely closed; therefore no water is flow- 
ing into the tank. Compared to an electrical circuit, the water 
pressure exerted on the top of the valve is the voltage, the valve 
is the switch, and the rate of water flow is the current. With the 
valve closed, no water flows; in an electrical circuit this is the 
same as opening a switch....no current flows. Here we have an ex- 
ample of voltage (electrical pressure), but no amperes (current 
flow). 

In tank B, the valve is opened enough to' allow the water to 
flow at the rate of 1 gallon per second into the tank. Compared 
to an electrical circuit, let us say that the 1 gallon per second 
is the same as 1 ampere of current flow. Notice that we are com- 
paring amperes to gallons per second. In other words, the num- 
ber of amperes means the coulombs flowing per second in an elec- 
trical circuit, the same as the rate of watér flow means the gallons 
per second. 
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A gallon 'is a quantity of water, the sele.es a oouloib is a 
quantity of electricity. Gallons per seoond weans the speed at 
which water flows -.and likewise, amperes means the speed at'which 
ooulombs aove. 

Now if we were to open the water valve more, as shown at C in 
Pig. 10, we would have a crater flow of two gallons per second into 
the tank. Remember that this water is flowing because of the press- 
ure obtained from the reservoir the same as en electrical current 
flown through a wire because of the electrical pressure obtained 
from a 'voltage source. Two gallons per seoond of Water flow cor- 
responds to two amperes of current flow through an electrical cir- 
cuit: .Amperes can be compared to gallons per second because it 
means the speed at which a quantity of' electricity moves through 
a wire. - - 

.!+ 1" rr IÍM4~ 
-- 

(FÑ : i gal/sec Ro o sec 
'or , or 

No Amperes i,Ampere 

Reservoir ,,.s F` 

or 
2 Amperes 

+._.,._,,1 -*etc, 
>I ;. 

3 

gal/sec 
- or 

Amperes 

FIg.iO Water-,enalogy to-Illustrete *current ánd voltage. 

At D, the valve is opened to permit- three gallons per second 
to flow, and at E, four gallons per second flow. These two con- 

' ditions may be compared to three amperes of current flow through 
a wire,' and four amperes of current flow through s wire, respeo- 
tivel7. 

Prom this analogy, you should be able to see that when we use 
the word "ampere" we mean the rate or speed at which a quantity of 
electricity (ooulemb) moves 'through anelectrical-circuit. And, 
if Joe Any "voltage" we mean the electrical pressure which ceases 
the ooulcmbs to move at a certain speed. 

- In an electrical circuit we con measure the pressure (voltage) 
with án.instrament called a "voltmeter" and we can measure the rate 
of current flow (amperes) with an "ammeter". You will learn how-to 
use and connect these measuring devices in a lesson to follow very 
Soon. 
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S. SUBDIVISIONS OF THE VOLT AND AMPERE. Subdivisions of the 
aforementioned units used for measuring the voltage and current will 
be very useful in all future work. These subdivisions will becon- 
venient for the same reason that we have measurements of time and 
length subdivided into smaller units as well as increased into larg- 
er units. For example, if the only available unit for time measure- 
ment was the year, it would be rather difficult to express the exact 
amount of time elapsing during the tick of a clock. Likewise, if 
the only unit available to measure time was the hour, it would be 
rather difficult to express the length of a. person's lifetime. As 
a result, we find that time may be expressed in seconds, minutes, 
hours, days, weeks, months, etc. In Radio and electrical work, it 
will be necessary to speak of extremely small voltages and currents 
in some cases, and quite often we shall desire to designate a larger 
value than the volt or the ampere. 

Fortunately, there are only four words to learn in order to se- 
cure the proper subdivisions and expansions of all electrical units, 
These four words and their meanings are given in tabular form as 
follows: 

Micro = One -millionth part of; (.000091); (t,(5o ,000) 

Milli = One -thousandth part of; (.001), (1-7/3 -6-) 

Kilo = One thousand times; (1,000). 

Mega = One million times: (1,000,000). 

These four words are prefixes which are employed with the elec- 
trical unit that we desire to subdivide or enlarge. For example, 
one millivolt would mean one -thousandth part of a volt. The volt 
is the fundamental unit for measuring electrical pressure, and when 
the prefix "milli" is used preceding the word "volt", it signifies 
that the new unit now means one -thousandth part of a volt. Like- 
wise, if "micro" were used instead of "milli", then the term would 
be microvolt, and its meaning would beone-millionth part of avolt. 
By the same definition, a milliampere is one -thousandth part of an 
ampere, and microampere means one -millionth part of an ampere. 
"Milli" and "micro" are the two prefixes used when we desire to ex- 
press units smaller than the fundamental "volt" or "ampere". The 
two prefixes "kilo" and "mega" are used to enlarge the fundamental 
unit. For example, one kilovolt means 1,000 volts, while one mega - 
volt means 1,000,000 volts. Also, one kiloampere is 1,000 amperes. 

It is advisable to learn very carefully the meaning of these 
four prefixes. They are employed with the electrical units, volt 
and ampere, as well as with all of the other electrical units of 
measurement which we shall encounter in future lessons. 

On the following page you will find a conversion table. If 
you will learn to use this table, you should have no difficulty in 
changing from one unit of measurement into another. The multiplying 
factors given are obtained directly from the definitions of the pre- 
fixes milli, micro, kilo, and mega. 

For the present it is permissible for you to use this table in 
all your problems. As you become more familiar with the units, 
try to work problems without referring to the multiplying factors. 
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Youwill soon find that the conversions become very clear,and you 

will no longer, need the -table. 

CONVERSION TABLE 

Multiply By To Obtain 

'i. 'Amperes 1.000,000 Microamperes 

2. Amperes 1,000 Mjlliamperes 

!._ Volts 1,000.000 Microvolts , 

s. Volts 1.000 Millivolts 

5. Volts .001 Kilovolts 

6. Ohms 1,000,000 MicroMa 
7. OMs 1.000 Millions 

4. -OMs .000001 Megatris 
9. Watts 1,000,000 Kicrowatts 

10. Watts 1.000 Milliwatts 

11. Watts .001 Kilowatts 

12. Watts .000001 Megawatts 

19. Milliamperes 1.000 Microamperes 

, 14. Milliamperes ,001 Amperes 

15. Microamperes .001 .Milliamperes 

- 16. Microamperes .000001 Amperes 

17. Millivolts 1.000 Microvolts 

18. Millivolts :001 Volts 

19. Millivolts .000001 Kilovolts 

20. Microvolts .000001 Volts 

21. Kilovolts 1,000 Volts 

22. Megaton 1,000,000 OMs 
29. MIwlio'ns .001 OMs 

.2$. Milliwatts .001 watts 

25. Milliwatts .000001 Kilowatts 

26. Microwatts .000001 Watts 

27. Kilowatts 1.000 Watts 

28. Megawatts 1,000.000 Watts 

Let uei work several pro. blahs to illustrate -the wee ofthe table: 

Example 1:' Change 15 ma. into amperes.. 

From number 14 in the table we obtain the multiplying factor 

.001. Multiplying the milliamperes. (15) by .001, we obtain .015. 

Thus, 15 ma. _ .015 amperes. 

Example :2: Change 1.5 megohms into ohms. 

From number 12 in .the table we obtain the multiplying factor 

1,000,000. Multiplying the megohms (1.5) by 1,000,000 we obtain 

1,500,000. Thus, 1.5 megohms = 1,500,000 ohms. 

Example 3: Row many volts in 2.6 kilovolts?. 

The multiplying factor is -given as 1;000.in number .21 of'the 

table. Multiply .2.6 kilovolts by 1,000 to obtain 8,600 volts. 

Hence, there are .2,600 volts in 2.6 kilovolts.. 

Example 4: Row many watts are equal tb 600 microwatts? 

Number 26 in the table is for converting microwatts 
to watts; 

the factor is .000001. Multiplying 600 by .000001, we obtain .0006. 

Thus 600 microwatts = .0006 watt. 

j Example 5: Row many microamperes are equal to .05 amperes? 

To convert from amperes to miotoaaperes, use the factor given 

under number 1 in the table. Thns, multiply .05 by the factor 

1,000000 This gives 50,000, so.05 amperes = 50,000 microamperes. 

9. INSJLLTORS AND CONDIICIORS. It is commonly- known thatsome 

materials will'allow an electrical current to pass through them 
with 

oomparative ease, -while others offer considerable, 
opposition tothe 
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passage of an electric current. A material which readily permits 
the passage of an electric current is known as a conductor, while 
those materials offering a high opposttton to an electric current 
are called insulators. The majority of metals, such as copper, gold, 
silver, etc., are excellent conductors of electricity (See Fig. 11), 
while other materials, such as porcelain, wood, bakelite, hard rub- 
ber, etc., are very poor conductors, and hence are called insulat- 
ors (See Fig. 12). 

liquid 

solution, 

shovel of 
iron filings 

Fig.11 

toaster element 

\ 'y 

aerial 
.1: wire, 

two -conductor wire 

Examples of conductors. 

The electron theory may be used to an advantage inunderstand- 
ing why some materials are better conductors than others. We know 
that the current flow through a material consists of an electron 
movement between the atoms. If the structure of the atoms of the 
material through which the current is passing is such that the free 
electrons are very loosely held to their respective atoms, then 
these electrons may be moved quite easily. If the electrons may 

Strain 

Insulator 

Stand-off 

Insulator 

Screw -type _ + 

Eyelet Insulator 

r 
Double Eyelet I nsul ator 

Fig.12 Examples of insulators. The objects shown are all made of porcelain, glass or isolantite. Other good insulators are mica, air, paper, amberoid, victron, pyrex, etc. 

be easily moved into or out of an atom, then with a given voltage 
applied to the conductor, a relatively high current will flow. On 
the other hand, if the structure of the atoms in the material is 
such that it is very difficult for a free electron to be moved into 
-or out of the atom, then with a given voltage applied to this ma- 
terial, an exceedingly small electron movement from atom to atom 
will result. A material with an atomic structure of this kind is 
a very poor conductor and is commonly known as an insulator. 
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Consequently,:whether a given material is known as a good con- 
ductor, a fair oonduotor, or a poor conductor, or whether it is known 
as a good, fair, or poor insulator depends entirely upon the struo- 
ture'of `the atoms of which it is composed. If the nucleus of the 
atom has. a very strong attraction for the fret electrons, it will 
make .a good insulator; on the other hand, if the nucleus of the 
atom has án exceedingly weak attraction for the free electrons, 
it is said that the atom is'constructed loosely and the material 
will be a good conductor of electricity. 

It has been found that a number of liquids'and chemical solu- 
tions are also good conductors of electricity. -These liquids and 
chemical solutions are oommonly'known as electrolytes. ' 

loo 
Volts 

10 

N i c romp eres 

10,,000 

, Volts 
100 

Milliamperes 

(B) 

Bakelite 
Strip 

BakelIté 
Strip 

Fig.', Showing how a material may be a good insulator at low 
voltage, but a poor' insulator at high voltage. 

Itis impossible to establish a definite dividisg'line'between 
insulators and conductors; because.whether the material -is an in- 
sulator or conductor depends largely upon'' the' voltage applied to it 
and the temperature ofthe material. For example, ,consider the com- 
mon insulating material, bakelite. At low voltages, bakelite-is an 
exceedingly good -insulator. By ,actual measurement, it 'has been 
found that with 100 volts across a small thickness of bakelite, less 
than 00001 -ampere (10 microamperes) of current will. pass through 
it. (See Fig. 13). This'exceedingly.slight current flow is so ai1 
as to be negligible; hence, at this voltage, bakelite may be con- 

' sidsred.avery poor conductor, or a good insulator. If the voltage 
.across'the same'thicness'of,bakelite is increased to, say 10,000 
volts, then by measurement we would find -that ,approximately 100 mil- 
liamperes (.1 ampere) of current'would flow through it, This cur- 
rent flow is so high that 'for' Radio and Television work, it would 
-not be possible to disregard it. Consequently, at this latter' volt- 
age, bakelite is not considered either a good conductor -or a good 
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insulator. For insulation at extremely high voltages, it is neces- 
sary to use some material other than bakelite. 

Fortunately, there are materials of such atomic construction 
that current flows through them easily, and also there are other 
materials which offer a very high opposition to the passage of cur- 
rent. Were it not for the fact that good insulators are available, 
it would be impossible for us to use wires, etc., to conduct or car- 
ry electrical energy from one point to another because all of the 
energy would be lost or distributed through the air or any other 
medium which surrounds the supposed conductor. Were it not for the 
existence of good insulators, we would not be able to isolate one 
electrical circuit from another; hence, no work could be accomplished 
with electricity, and the entire electrical field, including Radio 
and Television would not be possible. The electrical industry de- 
pends upon good insulators for isolation, the same as it depends 
upon good conductors for the transmission of electrical energy. 

10. CONDUCTANCE. The readiness or ease with which a material 
allows an electric current to pass through it is known as the con- 
ductance of that material. All of the materials having the ability 
to conduct electricity easily are also said to have ahigh conduct- 
ance. Of all the metals and electrolytes which may be used for con- 
ductors, it has been determined that silver has the very highest 
conductance. Copper is the next best conductor. Because of the ex- 
treme difference in cost, copper is generally employed where high 
conductance is required. 

Since the word "conductance" is so important for specifying the 
ability of a material to allow current to pass through it, it is 
quite logical that we would need a unit for measuring the amount of 
conductance which a material possesses. This unit for measuring 
conductance isthe mho. Examples using this unit will be given lat- 
er in this lesson. 

11. RESISTANCE. As previously stated, materials such as air, 
bakelite, glass, etc., are considered good insulators of electric- 
ity. This means that these materials offer a very high opposition 
to the passage of electric current through them. The opposition 
which. is offered by a material to the passage of current through tt 

is known as the resistance of that material. We are all familiar 
with the fact that the word "resist" means to oppose or hold back. 
This exact meaning is also used in conjunction with electrical cir- 
cuits. 

Since insulators offer a high opposition to the passage of a 
current, all of them are considered to have a high resistance, and 
since the conductors offer a very low opposition to the passage of 
an electric current, they are said to have a very low resistance. 
It is quite evident from this statement that the meaning of the word 
"conductance" and the meaning of the word "resistance" are just op- 
posite each other, since the former means the ability to conduct, 
while the latter means the ability to oppose an electric current. 
Having found it necessary to employ a unit for the measurement of 
the conductance of a material, it is also essential to employ a unit 
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for the. measurement of the resistance of a material. The practical 
unit which has been Internationally adopted for dent inz the resist- 
ance of a materialis the ohm. This word was selected in honor of 
the scientist George 'Simon Ohm, who first established the relation- 
ship between voltage, current, and resistance, known as Ohm's Law. 
A complete discussion of Ohm's Law will be given in Lesson 5. 

Since it was stated in a previous paragraph that the conduct- 
ance of silver and oopper was extremely high, then it follows that 
the resistance of these materials is very low. Silver, then, will 
possess the lowest resistance'of any material, followed by copper. 
The resistance offered by copper to the flow of en electric current 
is just slightly greater than that offered by silver, which accounts 
for the fact that copper is used to such a large extent commercially 
for transmission purposes. 

It will be noticed that when speaking of conductance and re- 
sistance, the statement was not made that the conductance of any as, 
terial was infinitely high nor that the resistance of any material 
was zero: Regardless of the type of material used and regardless 
of the size or amount of the material, it will always offer some op- 
position to the passage of an electrical current. In other words, 
it is impossible to secure a material which will be a perfect con- 
ductor. By aperfect conductor, we mean one which offers no resist- 
ance. Likewise, it is true that it is impossible for any material 
to be a perfect insulator. In other words, there is no material 
that has a resistance which is infinitely high or a conductance equal 
to zero. This point was brought out in the discussion of insulat- 
ors. Even the very best insulator available will póssess a slight 
conductance if a sufficiently high voltage is applied across it. 

12. FACTORS DETERMINING RESISTANCE. Throughout our entire 
course of study, we will constantly encounter the word "resistance". 
The student must remember that resistance is the opposition offered 
to the flow of an electric current, and the unit for measuring the 
resistance of a conductor is the ohm. 

The four factors which determine the resistance of a. conductor 
are: 

1. Length of the conductor. 
2. Diameter of the conductor. 
3. Lind of material from which the conductor is made. 

4.. Temperature of the conductor. 

Discussing each of these factors individually, we. rill first 
consider the length of the conductor. The resistance of a conduct- 
or will, increase directly with .its Zenith. This statement means 
that when a given conductor is made longer, the.resistanee of 4 hat 
conductor will increase in direct proportion. For example, we have 
a conductor 1 foot long having a resistance of 1 oh.. If the length 
of this conductor is increased tot feet, the resistance of the con- 
ductor will increase to 2 ohms. If the same conductor were made 10 
feet long, then the resistance would increase to 10 ohms. This may 
be clearly understood fro. .a water analogy. We are all familiar 
with the fact. that the longer the pipe through which water is forced 
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to flow, the more opposition is offered to the water.. Theopposi- 
tion offered to water when passing through a pipe is ,due to the Frio- 
tion between -the water molecules and the inside of the pipe itself. 
The longer the pipe through which the water must flow, the greater 
will be the frictional opposition offered to it. (See Fig. 14). 

(A) 

Fig.t; Illustrating how length affects resistance. The long con- 
ductor (A) will offer more resistance than the short conductor (B)'. 

Next, considering the diameter of a conductor, the resistance 
of a conductor varies inversely' with the diameter of it. This 
statement means that as the diameter of the conductor is decreased, 
the resistance will increase, and as the diameter.of the conductor 
is increased, the resistance will decrease. With other factors re- 
maining constant, a given conductor with a diameter of it inch will 
have less resistance than.a conductor having a diameter.of i`inch. 
This may be illustrated by a water 'analogy, because it is a well- 
known fact that a water pipe with a large diameter will offer less 
opposition to the flow of water through it than a pipe with a small 
diameter. (See Fig. 15) 

(A) 

4 
6 (B) 

Fig.15 Illustrating how diameter 
affects resistance. The smaller dl- 
ameter conductor (!) will offer'more, 
resistance than the larger diameter 
conductor (A). 

The next -factor taken into consideration is the kind.of mater- 
ial used for thé conductor.- This was discussed considerably in a 
preceding paragraph of this lesson wherein it was stated that dif- 
ferent materials will have different conducting abilities. The ex- 
planation for this lies in the electron theory, and the necessary 
information has been given before.. 

V 

The common expression which is used to compare the various ma- 
terials as to their conducting ability is the "specific resistance 
per circular mil foot". This means the resistance of a conductor 
having a length of 1 foot and a cross-sectional area of 1 circular 
mil. Inasmuch as most wire is round, it is inconvenient at times to 
measure the cross-sectional area of wire in square inches. The 
cross-section is circular, not square, so a circular measure and not 
a -square measure should be used. In circular measure, use is made 
of a circular unit of area instead of a square unit of area. This 

Inversely: Opposite in effect. 
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circular unit of area is a'circular mil,. It is the area of a circle 
whose diameter is 1 mil. This is shown.in Fig. 16.. The. term ail 

always means :001. .Thus, in our coinage- system, one ail equals. :001 

dollar; in distance, one. mil'equals .001,inch; etc. One circular 
mil,.then, is the areaof a circles the- diameter of which is 1 

mil, or .001 inch. To find the area -in circularmils of a circle 
with a given diameter; we -have merely.to square the number of mils 

in the diameter. This may be demonstrated as follows: If -the di- 

ameter of a conductor is -10 mils, théú-the circular area'is 10 x 10 

or 100 circular mils. 'If the diameter of a wire is 5 mils, the cir- 

cular area is 5 x 5 or 25 circular ails. 

Fig.i6 Illustrating the meaning of 
the circular. mil If he diameter 
of the conductor Is 1 mil U:001 inch), 
then the cross-sectional area is 1 

circular mil. 

Assuming that_ the temperature of all conductors is, the same, 

by comparing the "specific' resistance per circular mil'foot" for 

various conductors, wethereby obtain a comparison as to their.con- 
ducting ability: In the following table we have shown the "specific 

resistance per circular ail foot in ohms for'some of the more com- 

mon materials. The temperature considered for the figures given'in 

this table is 75 degrees Fahrenheit. 

'Silver 9.6 ohms 

Annealed Copper 
Hard Drawn Copper 
Alominua 
Zinc ' 

Brass 
Phosphorous Bronze 
Iron Wire - 

Nickel 
Steel 
German Silver 

I Very Soft Iron 

10.5 " ' 

10.7 ." 

17.7 " 

37.9 " 

45.4 " 

51.8 " ' 

65.1 " 

85.1 -" 

90.1 " 

128.7 " 

697.0 " 

The'kind of material used for the conductor,, therefore, will 

determine to a large extent the total resistance Which the conductor 
offers..' .' 

The fourth factor -to bé taken into consideration when'determin- 

ing the resistance ofa conductoris the temperature of the 'cónduot- 
or., As the temperature of a metal is increased, the activity of the 

electrons in their atomic orbits becomes increased and it is more 

difficult to remove an electron from its orbit because of the in- 

creased attraction which the nucleus has for the outer electrons. 

Since it is this' attracting or holding power which determines the 

resistance of ,a material, it follows that as the teaperature.ofa 
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metal is increased, the resistance will also increase. The atoms 
oomposing a carbon conductor and the atoas composing all liquid con- 
ductors act exactly in an opposite manner. In other words, as their 
temperature is increased, the power of attraction which the nucleus 
has for the free electrons becomes decreased; therefore, the elec- 
trons may be more easily _removed from their respective' atoms and the 
resistance will be decreased. In all metals, then, as the temper- 
ature of the conductor is increased, the_reststance will also .in- 
crease, while in carbon and all electrolytes (liquids), as the,tem- 
perature is Increased, the resistance will decrease. (See Fig. 17). 

Iron Conductor 

(A) 

Carbon ConductorIml 

(B) 

F.Ig.17 When heat is applied to the iron conductor at A, the re- 
sistance will increase and the ohmmeter (meter for measuring the 
number of ohms resistance) reading will increase. when heat (sap- 
plied to the carbon conductor at II, the resistance will decrease 
and the ohmmeter reading will decrease. 

Because of this fact, all metals are said to have a "positive tem- 
perature coefficient of resistance", while carbon and the electro- 
=lytes are said to have a "negative temperature coefficient of re- 
sistance". For example, -suppose that the resistance of a copper 
conductor is 9.6 ohms at 32 degrees Fahrenheit, and at 75 degrees Fah- 
renheit the resistance increases to 10.5 ohms. Tke exact amount of 
increase inthe resistance is determined by the use of a number which 
is known as the temperature coefficient of copper. Since it is 
generally not necessary for the student to use such calculations in 
practical work, we shall not concern ourselves with the temperature 
coefficients of various metals at this time. 

When the temperature of a conductor does not vary over an ex- 
ceedingly wide range, the effect of temperature on the resistance 
is,generally disregarded. It is only in extreme cases where the 
temperature is changed over a range of possibly 100 or 200 degrees 
that it is necessary to consider the temperature effect in practio- 
al work. 

From this discussion,.it is evident that we must consider the " 
lenjth, the diaffleter, the kind, and the temperature of a conductor 
when it is desired to determine its resistance. 

t A coefficient la defined as a multiplier. Example: If 27.6 has a coefficient 
of .002, it means that these two numbers are to be multiplied together. Iy miltiplying 
we find the product to be .0552. In this example, .002 lathe coefficient; that is, the 
multiplier. 
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ls. ELECTRICAL POWER. Before defining electrical power, it 

is advisable to review a few physical definitions. First, work -of 
any kind means.the overcoming of opposition through a certain dis- 

tance. Work is measured by taking the product of the opposition and 

the space'through whioh-it is overcome. Work .is generally measured 

.in foot-pounds. A foot-pound of work is the amount of work done in 
raising a weight of one pound Al distance of one foot.._ This same 

statement.may -be made in a slightly different manner; such as, a 

foot-pound is the amount of work done in overcominga.force of one 

pound 'through a distance of one foot. An example of work is shown 

in Pig. 18. Here, a weight of 10 pounds is being raised a distance 

of 10 feet. The work done. in accomplishing this will be 10, pounds 

times 10 -feet, or 100 -foot-pounds. 

Fig.18 Example of work. The man 
is raising the 10 lb.. weight 10 feet. 
The work is 10 times 10. or 100 foot- 
pounds. 

The word "power" takes into consideration the amount' of work 

done and the time factor involved. By definition, power ts,the rate 

.of doing work. Sore power is required to do a certain amount of . 

work in a short lenggth of time than is required to perform the same - 

amount of work in alonger period of time. For example, it would 

require more power to raise a 10.pound weight 10 feet in one second 

than it mould require.to'raise the same weight an equal distance in 

five seconds. It should be clearly understood that the expression 

"power" takes into consideration both the amount of work done and 

the time required to perform that work. The unit commonly used in 

mechanical calculations for determining the rate at which work is 

done is "horsepower". By definition, one horsepower is required to 

ratae'33,000pounds one foot in one minute. 

In electrical circuits, the rate at which work is done (power) 

is measured in Watts instead of horsepower. There is a definite re- 

lationship between horsepower and watts. It has been deterined 

that 746 watts equals one. horsepower. Using this relationship, it 

is possible to express electrical power in either horsepower or 

watts but as stated:before, watts is the more oommonly used term 

for electrical circuits. 
Since the word "energy" will be used considerably throughout 

'thisand following lessons, it is quite important to know -the mean- 

inh of this word: Energy is defined as the capacity for doing work. 

. This means -that any body or medium which is capable of doing work 

is saidito possess energy. This definition can best be understood by 



use of a few examples. The spring in a -watch which has been wound 
possesses energy because the coiled spring has a capacity for doing 
work. The work in this case would consist of driving the watch's 
mechanism. Ally moving object possesses so-called "kinetic" energy, 
because it can overcome the resistance or opposition which is offered 
by the air, water, or whatever medium through which it is traveling 
and thus do work. When the statement is made that a device possess- 
es electrical energy, it means that it is capable of doing electric- 
al work. The word "energy" is used only when we desire to state 
that there is á capability or capacity to do work and does not nec- 
essarily mean that the work is actually being done. When the stored 
energy is expended or used, then work is actually done. 
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Fig.19 Theelevated-weight WI is 
heavier than the lower weight W2. 
If released, the elevated weight 
will fall, causing WZ to be raised. 
The elevated weight (when station- 
ary) possesses potential energy. 
As the weight falls, it possesses 
'kinetic' energy because it is over- 
coming the oPPosition offered by the 
pull of W2 and the resistance of 
the air. AsWI falls, work is done, 
the work consisting of raising W2. 

The student should familiarize himself with the exact defini- 
tions of the words "work", "energy", .and "power". 

Electrical pacer is the rate at which work.is done (energy be- 
.ing used) in an electrical circuit and is measured .tn watts. The 
number of watts of power in an electrical circuit is found by tak- 
ing the product of the voltage applied to the circuit and the cur- 
rent flowing through the circuit. One watt is that amount of elec- 
trical power expended to a circuit when a current of one ampere is 
flowing through the circuit under a pressure of one 'volt. For ex- 
ample, if we have five amperes of current flowing through the ele- 
ment of an electric'iron under a pressure of 110 volts, then the 
electrical power being consumed,by the iron is equal to 110 x 5, or 
550 watts. As another example, suppose we have 100 milliamperes of 
current flowing through a resistor under a pressure of 100 volts. 
The rate at which electrical work is accomplished in the circuit 
(power in watts) will be equal to 100 volts times .1 ampere (100 
milliamperes equals .1 ampere). The product is found to be 10 watts 
of electrical power. 

14. LETTERS USED AS ABBREVIATIONS. In electrical work, we 
quite often.find it necessary to use formulas. As is customary in 
formulas, letters are used as abbreviations instead of writing. out 
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the words. The letters given in the following tabular for. should 

be memorized .because they will be used frequently in succeeding les- 

sons. 

Its the letter used to abbréviate voltage. 
1.is the letter'used to abbreviate current. 
Q:ts the letter used to abbréviate cbulosb. 

R.ts.the letter.used to abbreviate resistance. 

O:ts'the letter used to abbreviate conductance. 

V Is the .letter. used to abbreviate power, 

The student should learn all ófthese abbreviations very thor- 

oughiy. t 

15. FORMULAS. In keeping with the inforaation.given thus far 

in our study, there area few formulas which should be learned. In 

a previous discussion, we made the statement -that conductance and 

resistance are exactly opposite in effect or the reciprocal to each 

other. This can be statedin a formula as' follows: 

Conductance = 1 
Resistance 

or 
Resistance = 1. 

Conductance 

Using the letters just given for abbreviation, these formulas 

become: 

G=R or R=G 

Where: G is the conductance in. rhos, and R is the resistance in 

ohms. 
The reciprocal of. a 'umber is. 1 divided by -that number.. As 

shows by the two formulas, resistance rand oonductance are reciprocal 

to'each other; hence, are considered to..be.exaotiy opposite, in ef- 

feot. . 

In the., discussion of electrical power, we. uade.the statement 

that one watt of electrical power is the rate at which work is done 

in an electrical circuit.when one ampere of current is flowlninngg through 

the circuit under a pressure of one volt. This fundamental law may 

be expressed as a formula, thus making it possible -to calculate the 

power in.an.eleotrical circuit: 

Power = Volts x Amperes 

Using the letters f r abbreviation, we have: 

W=.ExI 
Where: W is the electrical power in !mitts, E is: the pressure in 

volts, and I is the current in amperes. 

We -shall workout a few examples using this formula. 

Example 1: The current flowing through an eleótrio light bulb. 

s Sows authors use letters other than those listed to abbreviate sou words. A3 
an example: P is used for power, and V for.voltage. You will bacons acq ainted with 
these dffferences as you acquire experience In Radio and Television work. 
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is found -to be .25 ampere, and the voltage applied across -the bulb 
from the power supply line is 110 volts. Find the- electrical power 
in the circuit. ' 

E 110 volts ` Given: I .25 ampere 

. ' By forma: W 110 x .25 
Or 

M 27.5 watts ' 

Example 2: The voltage applied -t o a heating element is 75' volts 
And the current flowing through the element is 50 milliamperes. What is the electrical.' power in this circuit? _ - 

Given: E 75 volts 
I .05 ampere ( ̀ tp¡.ptr.` equal - 

By formula: W 75 x .05 or Ñ 3..75 watts - 

Example 3: Alarge power drill is being driven by an electric 
motor. The power drill representstheaeohanioal 19E4 on the motor' 
end by measurement, we find that the motor is drawing 10 'amperes from 
a 220 -volt 'supply line. - What is the electrical power necessary -to 
drive the load? 

Given:- E 220 volts 
I 10 amperes 

By formula: ' W 220 x 10 
,- or 

The electrical power consumed by this motor can easily be converted 
into horsepower by dividing the 2,200 wattsby7l6 (746 watts equal 
1 horsepower). Dividing, we 'find that the motor requiresapproxi- 
mately .2.9 horsepower of electrical power in order to drive its load. 
The rate at which work is done in an electrical circuit way be ex- 
pressed in either horsepower or watts; however, for nearly all prao- 
-tical applications, the unit "watt" is used. 

W 2,200 watts. - - 

16. SOBDITISIONSOF TSE 0@t, PEO, AND WATT. Pour prefixes and - 

_ 

their definitions were ven earlier in this lesson. . It is very ad- 
visable to review. this information and then refer -to the following: 

1 aegohm .1,000,000 ohms 
. 

1 aicromho .000001 mho. ' ' 

1 kilowatt 1,000 watts 
1 miorowatt .000001 watt-; ' . 

1 iilliwatt .001 watt- - - , 7,11 

All of these expressions are used quite frequently:and the stu- 
dent should be familiar with -them. - 

; 
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CARL UNNE 
HIS WILL TO SUCCEED WAS MARVELOUS TO BEHOLD.' 

One of the most inspiring examples of man's ability 
to succeed in spite of adversity is contained in the 
biography of Carl Linne, the son of a poor clergyman 
residing in a small village in Sweden. 

Early in his youth, Carl evinced a keen interest 
in plant life and when he had reached the age of four, 
he knew the names of many flowers, weeds and vegetables, 
as well as their usefulness. As Cart became older, his 
father grew more and more concerned over his son's fu- 
ture. He could not visualize any future for his boy as 

a gardener and determined to apprentice him to a shoe- 
maker. 

Poor Carl. He hated the smell of leather and the 
everlasting 'pegging away'. Finally, he induced his 
father to let him attend school. Shortly afterwards, 
Carl wcn the interest of Doctor Rothmann and moved him- 
self and his meagre effects into the Doctor's home. 

When he was 20 years of age, he attended the Uni- 
versity of Stockholm on a meagre allowance of about for- 
ty dollars a year and money earned doing part-time work. 
.Now, adversity and discouragement attacked Carl in all 

their fury. He lacked money for his meals. He feared 
to face his landlady because he had no money with which 
to pay her. Fate seemed to decree that all his hopes 
and ambitions be cast aside and that he seek ways and 
means of making a living which would lead only to poverty 
and obscurity. 

Just when the clouds were the darkest and all seemed 
lost, opportunity presented itself abruptly in the guise 
of one Dr. Celsius, anotable physician and botanist, who 
employed Carl as al assistant. 

Eventful years passed and dark uncertainty was left 
far behind. Carl now wrote his name in Latin, 'Carolus 
Linnaeus'. He hed become a recognized authority and an 

accomplished writer, whose books were eagerly sought. 
Achievement followed achievement. Hardships, suffering 
and want of years gone by were forgotten in the brilli- 
ant glory of his accomplishments. 

Botany is a subject far removed from Radio and Tele- 
vision, but the object lesson created bythe dramatic and 
inspiring success story of Carolus Linnaeus should con- 
vince you that success CAN be yours IF you really want 
success. 

Copyright 1942 

By 

Midland Radio d Television 
Schools, Inc. 

PRINTED IN U.S.A. 

Jon ESRIrTS 

KANSAS CITY, MO. 



Lesson Four 

The ELEMENTS 
of RADIO ( r" ' -/ , 
BROADCASTING I 

"Now that you haves .1i a! .w*"1"; 

a good start in your ra- 
dio studies, I thought it 

advisable to give you ales- - sc 

covering the fundamental 
principles of radio transmission 
and reception. 

"It is not the purpose of this lesson to explain is detail the 

principles of broadcasting, but rather to give you a picture of the 

subjects to be covered as your training advances". 

INTRODUCTION. Undoubtedly there are a few of our students who 

now possess some knowledge of radio theory and practice; knowledge 

which has been secured by studying elementary textbooks or through 

practical experience in radio service work or amateur station oper- 

ation. To those who have been fortunate in this respect, we wish 

to make it clear that we regard your knowledge with the :Zighest es- 

teem and offer our complete cooperation toward assisting you through 
the fundamental lessons as rapidly as possible. But, let me offer 

this bit of advice; a complete and accurate knowledge of radto re- 

qutres a substantial foundation. 

Even though you may have a fairly complete knowledge of the 

basic principles, we strongly advocate that you read t-irough each 

lesson carefully and thereby review certain facts which might have 

slipped your mind. A little knowledge is dangerous whsn starting 

a complete study of radio, so avoid the possibility of future col- 

lapse by reading each lesson carefully. If you are certain that 

you understand each subject discussed, we have no abjection to your 

rapid progress into the interesting advanced lessons following those 

on fundamental principles. 
To those students whc have no knowledge of radio or electricity, 

except that gained from the three previous lessons, we want to im- 

press the fact that all of the following lessons in this course of 

training have been prepared for men of your status. Years of prac- 

tical experience and a scientific study of successful training meth- 

ods have been moulded into a systematic sequence of presenting the 

lesson material you are to study. 

We are starting you from the bottom and will build for you a 

foundation so solid and complete that you may later branch off into 
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that phase of radio or television which holds the greatest appeal 
for you. Nearly an unlimited number of fields will be found open 
for specialization; broadcast station operation, police radio oper- 
ating, aviation radio, radio service work, public address work, tele- 
vision control room, sound recording, etc., are but a few of the 
many interesting phases of radio. The entire field isbroad enough 
that you may enter that branch which most completely satisfies your 
personal desires. 

As you study the following fundamental lessons, keep in mind 
at all times that we are preparing you with a basin knowledge suf- 
ficient to permit your entrance into any of these fields. Each 
lesson is important and you must study it carefully if you are to 
secure the complete training for which you are enrolled. 

Fig.t Artists oerformino before a n.icrophonP. 

Don't be discouraged if your progress seems a little slow at 
first. Radio and television is one of the most interesting and en- 
compassing phases of electrical engineering. Having such a wide 
scope requires careful attention to many details; you must learn 
these details in a systematic manner so as to establish a concrete 
foundation. You will probably progress through the fundamentals 
much more rapidly than you realize; then, before you expect it, you 
will be right in the midst of the interesting lessons devoted en- 
tirely to your chosen occupation-RADIO. 

2. COMMUNICATION BY RADIO. Since I know you are extremely 
anxious to learn how radio broadcasting and reception is carried 
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on, I am going to review this briefly for you. Projecting speech 
and music over great distances is undoubtedly the miracle of our 
age. To the layman, this "magic" feat is veiled with deep mys- 
tery, but to you as a student in radio and television, the whole 
story will soon unfold into a clear picture. 

I am going to give you a "bird's-eye" view of how radio broad- 
casting is carried on and how a radio receiver operates. Of course, 
I cannot go into detail about these subjects at the present time. 
The details involved in broadcasting and receiving radio signals 
constitute most of the material you will study in future lessons. 
However, if you will study the following information very carefully, 
you will be able to explain many mysterious facts about radio to 
your friends. Also, you will have an insight to the,.interesting 
study which lies ahead of you, and you will be able to see how each 
of your future lessons fits into the complete picture of radio. 

Most radio programs originate in the studio of a broadcast sta- 
tion; however, some of them as you know are picked up from speak- 
er's platforms, on the street, in theatres, dance halls, etc. Fig. 
1 shows artists performing before a microphone in a broadcasting 
studio. Regardless of where a program originates, if speech or mu- 
sic are to be transmitted, a microphone must be used to transform 
the sound waves into electrical current variations. If the music 
from a phonograph record is to be broadcast, a device known as a 
"pick-up" must be used to generate current variations correspond- 
ing to the music on the record. Let's investigate the construction 
and operation of both a microphone and a phonograph pickup. 

In the following discussion, I shall find it neces- 
sary to use words and terms which are entirely new to 
you. As you encounter these, do not be greatly concerned 
if you do not fully understand them. Each of the expres- 
sions will be fully defined and expiatned to future les- 
sons. 

3. THE MICROPHONE. In Fig. 2A, a simplified drawing of a 
popular type of microphone is shown. This is known as a "dynamic" 
microphone. A photograph is shown at B. The microphone contains 
a strong permanent magnet built in a cup - shape with a circular 
pole protruding from the center of the cup. The top pole piece is 
a round, flat plate with a large hole in the center. When the 
plate is bolted to the top of the cup, the magnetic lines of force 
produced by the strong magnet are concentrated between the inner 
edge of the hole in the top plate and the pole coming up the center. 
This is shown at C in Fig. 2. Now, in the intense magnetic field 
across this gap, a very small coil of wire (voice coil) is lightly 
suspended, and a diaphragm is attached firmly to the coil. When 
the diaphragm vibrates, the coil of wire mcves back and forth through 
the steady magnetic field, creating a voltage in the coil. Let 
us see how the diaphragm is set in motion. 

A rapidly vibrating body'can set up waves in the air called 
"sound waves". Our vocal chords and all musical instruments Iro- 
duce sound waves. Waves of sound travel from their source to our 
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ears (or -to a microphone) by causing pressure variations of the 

molecules in the air. Big. 3 illustrates the appearance ofnorsasl 

air molecules at A; the same moleoules are shown at B when a sound 
wave is passing through it. Notice how the sound wave'oauses press- 
ure'variations of the air molecules. 

Düphragn ! 

Voice Magnet 

/Coil 

I 

s} 

L1 el Cary Ing. 
volee currents. 

(A) 

(I) 

(C) ' 

Fig.2 (A) Outline drawing ofdynamic microphone. (I) Photograph 
of a dynamic microphone. (C) Top cover plate of a dynamic micro- 
phone. The voice coil fits In the radial cap between N and 3_ 

Upon striking a microphone, sound waves (pressure variations) 

cane the diaphragm and voice coil to vibrate in exact accordance. 

Remember that the diaphragm and voice coil are very light and are 

freely suspended. Thus, the voice coil is made to move in perfect 

coordination with the sound waves produced by a human voice or a 

musical instrument. 

(A) 

11111111 
(I) ' 

F;ig., (A) Normal air molecules. (I) Air moleculei compressed 
and rarefied by sound waves. 

- When the voice coil is rapidly vibrated through the strong 

Magnetic field, electrical currents are set up in the coil which 

represent the exact form of the sound waves. These currents are 

called ."audio" currentsli'I shall speak of Audio currents, also 

audio voltages, quité frequently from now on. 

Even though I have only briefly described the microphone and 

its operation, you should understand that it converts sound waves 

1 The word audio is of Latin derivation. meaning .to hear". 
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into electrical audio currents. Next in the process of troadcast- 
ing, these audio currents must be magnified or increased in intensity 
until they represent a high-powered audio wave. Vacuum tube ampli- 
fiers are employed for this purpose. Before going into vacuum tube 
amplifiers, let us see how a phonograph pickup works; then we will 
be familiar with both methods of producing an audio current. 

4. THE PHONOGRAPH PICKUP. A in Fig. 4 shows an enlarged view 
of a portion of a phonograph record. Notice how the grooves in 
the record vibrate back and forth. These vibrations represent 
the pressure variations cf the original sound wave and they must 
be converted into corresponding audio currents by the needle and 
pickup head. 

(e) 

MACNC, 

.,ECES 

NnoAE _ .... 
ARMATURE 

dmoiRG 
Cpl 9UCCTR6 

í lea 
190411111 

-- ARMATURE 

WAGER &.p ° SICEKb 
NEEDLE SCE SCREW 

-DDLC RICrl3 

(B) 

Fig.n (A) Section of )honograph record. 
phonograph pickup. (C) Photograph of pickup 

(C ) 

(B) Cutaway view of 
on record. 

A cutaway view of a phonograph pickup is shown at B in Fig. 4. 

The needle is held in the chuck by a screw; the chuck in turn is 
a part of an armature assembly. The armature assembly is light 
and is suspended freely so it can readily vibrate back and forth 
with the variations of the grooves on the record. The armature 
assembly is mounted in the center of a coil of wire. The inside 
diameter of the coil is large enough to prevent restriction of the 
armature's vibration. The coil is situated so as to be in the mag- 
netic path of a strong horseshoe magnet. 

All of these parts are essential for operation of the unit, 
described as follows: When the needle and armature are moved rapid- 
ly in a lateral direction by the varying track in the record groove, 
the strength of the magnetic field passing through the coil is 

changed in accordance; this causes an audio current to be produced 
in the coil. The generated audio current varies exactly the same 
as the original sound waves which were impressed on the record. 

By the above operation, a weak audio current is obtained from 
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a phonograph pickup when the needle is placed in the groove of a 
revolving record. 

In the output of either a microphone or a phonograph unit, 
the audio current is very weak; hence it must be built up with high- 
powered vacuum tube amplifiers. Let me now tell you a few inter- 

esting facts about a vacuum tube and how it works. 

5. THE VACUUM TUBE. Fig. 5 at A shows a cutaway view of a 

three -element vacuum tube. Before explaining how this tube oper- 
ates and amplifies the audio signal coming from the microphone, I 

am going to tell you how it is constructed. By carefully inspecting 
the drawing, you will see a thin wire in the middle of the tube. 
This wire is about the size of a hair, but it is a type of wire 
which will stand a very high temperature without melting. On the 
outside of this wire, the manufacturer has sprayed a thin film 
of thorium. Thorium is used because of an important property which 
it possesses; I will tell you what this property is in just a moment. 

P 

PLATE 

Fig.5 (A) Side view of three-element vacuum tube. 
of vacuum tube to show base connections. 

a 

GRO 

(B) Drawing 

The thin, coated wire in the tube is called the filament or 
sometimes, the cathode. Its purpose is to supply a quantity of 
free electrons in the space immediately surrounding the wire. To 

supply these free electrons, the wire must be heated, and this is 
done by passing a current through it. Heating a wire with an e- 
lectric current is not new to you; every time you use your electric 
toaster, percolator, or iron, you know that heat is produced. In 
the vacuum tube this same thing is done; the glow you have often 
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seen inside a tube is produced by the heated filament wire. 
When the filament wire is hot, the thorium atoms on the outer 

film throw off electrons into the space around the wire. Only a 
few kinds of atoms can expel electrons efficiently when heated. 
Thorium is one of the best; this is the important property of thor- 
ium. 

The heating current is led to and from the filament wire by 
two of the prongs on the base of the tube. B in Fig. 5 shows the 
base arrangement. Let us account for the other two prongs. One 
of them is connected to a large rectangular piece of metal, called 
the plate, or sometimes called the anode. To make the tube operate 
properly, the positive side of a voltage source (battery or gener- 
ator) is connected to the plate. The negative side of the voltage 
source is connected to one side of the filament wire. With this 
arrangement, you can see that the electrical pressure of the voltage 
source is making the plate positive and the filament negative. 

The positive voltage on the plate attracts the negative elec- 
trons that have been expelled or emitted by the filament, hence a 
steady current of a few milliamperes flows inside the tube from 
the filament to the plate. Now let us see how this current flow 
can be changed. 

The fourth prong on the base of the tube connects to the zig- 
zag wire which you see in Fig. .5 to be located between the filament 
and the plate. This wire is called the grid, because in the very 
first tubes, it was made in a mesh -like form. The grid, situated 
between the filament and the plate, occupies acommanding position, 
somewhat the same as a water valve in a water pipe. It is directly 
in the stream of electrons passing to the plate just as a control 
valve is directly in the stream of water through a pipe. If a 
water valve is opened or closed, the water flow through the pipe 
can easily be regulated; likewise, the grid can be made to regulate 
or control the electrons (current flow) to the plate. 

The grid controls the number of electrons passing through it 
to the plate by offering an electrical repulsion to them. If the 
grid is to repel the negative electrons, it must be made negative 
itself. By using a separate voltage source, the negative side is 
connected to the grid and the positive side is connected to one 
side of the filament. Thus the grid is made negative and can repel 
the electrons which try to pass through it to the plate. 

Should the negative voltage on the grid be changed, the extent 
of the repulsion will be changed and the electron flow to the plate 
will be varied in accordance. For example, .if the grid is made 
more negative, the additional repulsion prevents as many electrons 
from passing through and the electron flow is decreased. This means 
that the current flow through the tube is decreased. how, if the 
grid is made less. negative, more electrons can get through to the 
plate, so the plate current flow through the tube is increased. 

The ability of the grid to control the current through a vacuum 
tube is a very important operation. I do not expect you to under- 
stand this action thoroughly at the present time later in your 
study I em going to devote special lessons to the operation of 

7 



Y. .; 

a = 

il 

vacua tubes. In these special lessons, you will learntallof the 
ainate details concerning the grid,.plate, and -filament. I know 
you are anxious to get to these lessons and I assure you that your 
anxiety will be rewarded -with a very olear and interesting discus- 
sion of vacuum tube operation. - 

6. SYMBOLPOR VACUUM TUBE. 'When an engineer makes a d ing 
to represent a radio circuit, he uses syabols for the parts that 
ire contained in the circuit. The symbol fora three -element vacuna 
tube is drawn as shown at A in Fig. 6. This figure also shows the 
cloud of negative electrons surrounding the heated filament wire, 
the grid repelling some of the electrons to keep them from passing 
to the plate, and a few electrons passing on through the grid to 
the -plate. 

ve .Fos It ive 

F i lesent 
M.1 res (A) 

1 

lE Source 
!. for grid 

. 00 - 

- M 
E Source É Source 

for filanent for plate 

Fig.6, (A) Symbol for three-element vacuue tube. (S) .rawing,to 
show hoe voltages are applied to the tube's electrodes. 

The drawing at B in Fig. 6 illustrates how tie three voltage 
sourcesare connected to operate the filament, grid, and plate. 
Later I shall .tell you all the details concerning vacuum tube open-' 
ation; since. we are only interested in obtaining a "bird's-egíe" 
view at the present, let us proceed to see how the miorophone is 
connected to the vacuum tube. ya 

First Audio 
Transforwar ' 

T- "" Microphone 
e 
1 ,. 
e ¡ line to Control Roas 

Second Audio 
Transformer. 

-_ To next 
- vacuum 

- Tube 

Fig .7 Showing how the microphone is connected to the vacuum tub. 
.amplifier. 

- 7. MICROPROBE CIRCUIT.' The microphone is located in the stu- 
'dio at the broadcast station and the amplifiers (vacuum tubes) 
are in the control room. A special cable is used to conduct the 
audio currents from the microphone out of the studio and into the 
control room. ,An engineer would draw this part of the radio oirpnit 
as shown in Pig. 7.,The microphone is represented by two "twists" 

- (a small coil of wire) and a straight line (the diaphragm). The 
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linI to the Control room terminates in the primary of an audio 
transformer:- This. piece of equipment is very essential, so we 

might briefly discuss its construction and purpose. 

8., AUDIO TRANSFORMER. .An audio transformer is built by-staok. 
ing several thin sheets of special iron plates to form a "oore"; 
then winding two coils of wire onto the core. The core plates are 
shaped as shown in Fig. 8. The'coils are composed of thousands of 
turns of wire and are wound over the center leg of the core. The 

ooil wound onto the.core first is called the primary and the. second 

or outside coil 'tis called the secondary. A layer of chemically 

treated insulating paper is placed between the two coils to prevent 
a short-circuit from occurring between. them. The symbol for. an. 
audio transformer is shown'in Fig. 7, and at B in Fig. 8. 

r Audio- 
Currents 

(A) 

Audio 
Voltage 

Fig.$ (A) Shape of audio transformer core plates. (a) ,Symbol 
for audio transformer. 

In Fig. 8, the double -headed arrows indicate that -an audio 

current is circulating -back and forth through the primary coil. 

These currents you will reiember are those generated by the micro- 

phone. As the audio currents change through the primary, they set 

up magnetic field variations around the primary turns which cut 

through the turns on the secondary side and produce audio voltages 

in the secondary winding of the transformer. 
. This is a very important function of a transformer, and you 

will learn much more about it in a later lesson. As for now, let 

us be -content with knowing that audio currents through the primary 

are "transformed" into audio voltages on the secondary side. You 

must remember:that these audio.voltages have exactly the same form 

as -the audio currents. ' The audio currents in turn are representa- 

,tive of the sound waves which struck the microphone. We now have 

lr, '.the' original. sound wave changed into electrical voltage variations 

and we can apply these voltages to a vacuum tube and amplify them. 

9. VOLTAGYAMPLIFICATION. Referring again to .Fig. 7, .the 

wiring (schematic) diagram shows -that the -audio currents produced 

in 'the microphone leads .are conducted through the primary of the 
first audio transformer.(T1). These currents are then transformed 

into_audio voltages on the secondary side. The audio-voltages,are 

applied directly to the grid or input circuit of the first amplify= 

ing tube. The varying audio voltage on the grid causes the current 

through the. plate circuit of the amplifying tube to change in exact 

accordance. These varying Audio currents (amplified) then pass 
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through the primary winding of the second audio transformer (T2) 

and produce audio voltages of identical waveform in the secondary 
winding. 

Through the amplifying action of the tube, the original audio 
currents (or voltages) have been increased in strength. The ampli- 
fied output of one tube may be fed to the input of a following tube, 
amplified more, and so on until the desired audio power is obtained. 
This may require as many as ten or fifteen tubes in the audio ampli- 
fying system at the broadcasting station. 

Amplifying an electrical voltage with a vacuum tube can be 
illustrated by an example with which I am sure ,yeu are familiar. 
It is the same principle as though you were to take a small piece 
of film such as used in a motion picture theatre and project it 
on a large screen. If you were to examine the film you would find 
that the figures were too small to be distinguished easily. But, 
upon using a projection machine, with a powerful lamp, the small 
figures could be enlarged several times and made to appear on a 
large screen. In reality the original picture has been enlarged 
or "amplified" several thousand times. This is illustrated in 

Fig. 9. 

Likewise, an electrical voltage can be enlarged or amplified 
with a vacuum tube. The tube, together with its voltage supplies 
for the grid, filament, ant plate, acts as the projector. Then 
when a weak signal voltage is applied to the input (grid) circuit, 
an enlarged voltage of the same waveform appears in the output 
(plate) circuit. 

Fig.9 Photographic analogy of voltage amplification. 

10. THE CARRIER WAVE. Building up the audio power with large 
amplifying tubes is only one of the three important things which 
must be done at a radio broadcast station. The other two are (1) 

generating and amplifying a "carrier" wave, and (2) impressing the 
audio power onto the carrier wave. Let us see why a "carrier" wave 
is necessary. 

I know you will understand when I say it is necessary for a 
"radiation" of energy to take place from the antenna of a radio 
station. Radiation means the expulsion of radio energy in all 
directions from the antenna. Quite often the antenna is called the 
"radiator", because it is that part of the complete radio trans- 
mitting system which radiates the radio signals. 
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Radiating a radio signal in the fora of .electric waves from 
all antenna can be compared .to ñsimple,' understandable process. 
You know that water waves -can be set-up on a calm pool by creating 
a disturbance in the water. Suppose you were to move a paddle 
back and forth.in the water as shown in Fig. -AO. A regular motion 
of the paddle would cause -a series of stccessive waves -to be sent 
outoverthe 'surface of the water. 'Now, if a second -paddle is 

dipped into the water and suspended on a free -moving pivot, it will 

swing back and forth as 'the. water- waves strike it. By attaching 
-a string and hemmer to the second paddle, Wean be made toring 
a.gong at the crest of each water wave. .Thus energy has beet trans- 
mitted or "radiated" over the water waves. 

!i 

: at 
veZ 11I 

- _ 

flg i0 I,llustrati.ng the transmission of energy with water waves.. 
A radio carrier% wave is also a Weans of transmitting energy. 

In a like manner, radio (electrical) waves are sent out from a 
-broadcasting antenna and made to carry,energy to far -distant radio 
receivers. As is the case with the gong in the above example, a - 

radio receiver. will respond according to the variations of the wave 
which it intercepts. The radio waves are analogous to the water 
waves in that they serve as the "carrier" of the energy -from the 

transmitter to the receiver. 
If we. were to feed only,the amplified audio power into the 

antenna, we would find that no radiation of energy occurs.. Audio 
power cannot establish the electric fields around the antenna that 
are necessary to expel the radio energy into space.- Technically, 
we would say that the "frequency" óf ;the audio power is too low for 
efficient radiation. 'To'radiate efficiently, the "frequency" of 
the electrical energy fed into the antenna must be high. For this 
reason a high - frequency electrical wave must be generated and. 
amplified by the transmitter so as to carry the audio,poler from 
the transmitting station to the receiver. -This high-powered, high - 

frequency wave is called the carrier &cue. 
The carrier wave is, generated in the very'first stage, of a 

rudio transmitter by a vaonum.tube circuit known as an "oscillator". 
Pig. 11 shows a. photograph.of'a vacuum tube oscillator as used in 
some of the transmitters -made.by the RCA Manufacturing Co. Advanced 
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lessons in your course of training will discuss the design and 
theory of operation of these important radio circuits. 

The high -frequency voltage output of the oscillator is very 
weak and must be amplified by more vacuum tubes. To distinguish 
amplifiers of this type from those which amplify an audio frequency 
voltage, they are called radio -frequency amplifiers. Understand 
that vacuum tubes of practically the same construction are used, 
but they are somewhat larger. Also, in designing the circuit, it 
is necessary to use different kinds of transformers from the types 
that were used in audio amplifiers. 

; ,tt 
114113' c;r,1L ' 

o 
Fig.tt Photograph of RCA 

vacuum tube Dscilllator. 

The radio frequency amplifiers build up the strength of the 
weak carrier wave generated by the'oscillator until it is the maxi- 
mum power that the government will allow the station to use. The 
Federal Communications Commission assigns each radio station a"max- 
imum carrier power" which it must use to carry on its radio broad- 
casting. Also, each station is assigned a certain frequency on 
which to broadcast. These frequency assignments are made in "kil- 
ocycles", abbreviated kc. Ttr1 broadcast stations, the frequen- 
cies are between 550 kc. and 1600 kc. The dials of most modern 
radio sets are calibrated in kilocycles, so when you want to re- 
ceive a certain station, you must look in a log book or the news- 
paper to find its frequency in kilocycles, then tune to that number 
on your dial. The frequency has nothing to do with the distance 
from the radio station that the program can be heard;' this is de- 
termined entirely by the power of the carrier wave. 

You should also understand that a certain radio station will 
come in at the same kilocycle marking on a receiver dial regard- 
less of whether the receiver is used close to the radio station or 
thousands of miles from it. This is proved by the fact that you 
can ride along in an automobile for miles and miles and listen to 
a certain radio station without changing the tuning dial. However, 
you may find it necessary to keep turning the volune control up as 

This is true of frequencies in the broadcast band. In the high and ultra-high 
frequency spectrums, the frequency of the carrier wave does affect the distance of trans- mission. 
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you get farther from the station. This is because the radiated 
carrier wave becomes weaker and weaker as it travels away from the 
broadcast station, finally becoming so weak that the station cannot 
be heard satisfactorily without getting a lot of noise and static 
at the same time. 

Fig. 12 shows in block diagram form the essential óomponents 
at a radio transmitting station which we have discussed. At A, 

the sound waves are converted into audio currents by the microphone; 

B and C are audio' amplifiers which build np the audio waves to a 

high.power. D illustrates. the oscillator, where the carrier wave 

is generated; E and F are radio frequency amplifiers which increase 

the oscillator power Until it is the proper number'of watts for 
feeding into the antenna. Notice in Fig. 12 that a line is drawn 
from C to F,.indicating that the output of the last audio amplifier 
is fed into the last radio frequency amplifier. If this is done, 

the audio and -the carrier wave will be "mixed" in such a manner 

that the carrier will have the audio impressed on it. Thus, the 

carrier wave will be radiated from the antenna, carrying the audio 
wave with it to the receiver. 

Sound 
Waves . Microphone 

Audio 
Amplifier 

B 

Audio 
Amplifier 
C 

Antenna, / 
Radio Radio 

Oscillator Frequency Frequency 
j Anpl if ler mini ifier 

D' E f 

fig.12 Block diagram to show the essential coapenents for raoio 
transmission. 

11. MODULATION. The mixing of the audio and carrier waves 

is called "modulation"; let us investigate this phenomenon a little 

more closely. 
When an engineer wants to draw .a diagram representing a high - 

frequency carrier wave, he does so as 'shown at A in Fig. 13. The 

several lines extending above and below the straight line through 
the center represent cycles". You will learn all about these 

cycles in a lesson to come very soon. When the cycles are drawn 

close together (as at A iñ Fig: 13), the engineer intends to repre- 

sent a high frequency wave, and when he draws them far apart (ex- 

panded), he means to represent a low frequency wave. An audio 
wave is a low, frequency wave, so the single cycle shown'.at B in 

Fig. 13 can be used 'to represent the amplified audio wave which 

we want to impress on the high.frequency carrier wave. 

The manner of connecting a vacuum tube and its associated 

circuit so that "modulation" will take place is far too complicated 

for -presentation here. Let it suffice to say that in sach a' cir- 

cuit, the carrier wave and the. audio wave are both' delivered to a 

high -powered vacuum tube. Then in the output of this tube, le 

will obtain a mixture of the two input waves. The mixed or modu- 
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lated wave can be illustrated diagrammatically as shown at C in 
Fig. 13. Notice that the wave at C is simply the combination of 
the waves at A and B. When the audio wave rises, it adds to the 
oarrier wave and makes the moddulated wave increase above its normal 
height. Then, when the audio wave falls below the oenter line, it 
blinks -against against the carrier wave and causes the modulated wave to 

11 I Ilol II 

19) 

I IL 

(A) 

(s) 
Fip.i, (A) Ni9 hfreque'ncy 

carrier wave. (I) I,ow fre- 
quency audlowave. (C) Nigh 
and low frequency waves to- 
gether.. This (s called 
modulated carrier wave*. 

fall below its normal height. In this manner, the audio signal 
which we want to send to the receiver is impressed onto the carrier 
wave; the resultant modulated wave is then fed into the antenna 
at the broadcasting station and radiated out into space. 

12. RADIATION. Another of the important electrical operations 
which takes place at a radio station is the radiation of the.modu- 
lated wave from the antenna. The story of how this radiation occurs 
is one of great interest, but at the same time, ;t is along story 
and one requiring an accurate knowledge of all fundamentals before 
it can be understood. I am not going to confuse your mind by at- 
tempting to present such advanced information in this lesson. Fig. 
14 is a photograph of a modern broadcast antenna. ' 

The tower type of antenna is rapidly supplanting the older 
flat-top antenna for broadcast station use because of its better 
radiation ability. The tower is made of steel angles and bars, 
with the joints riveted, welded, or bolted. Most antennas are 
insulated from the ground by setting, the base on strong insulators. 
Beneath the tower, a large quantity of copper screen or long lengths 
of copper wire are buried about -one foot in the ground. The buried 
copper is the ground connection for the radio station, and the 
insulated steel tower is the radiating antenna. These are similar 
to the aerial and ground wires which you install on your radio re- 
ceiver. 
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Fig.1Y Photograph of KMBC broadcasting antenna. 

Since the radiating tower at the broadcast station is insulated 
from ground, the modulated carrier wave may be fed from the trans- 
mitter directly into the tower. When this high frequency current 
flows in the tower, electric and magnetic fields are set up around 
it which cause the radio wave to be propagated into space in all 

Tower 
Electric )/ Fields/ 

f' 
I, 

Magnetic I 
Fields / I 

F ig.15 Drawing to show the electric and magnetic fields 
set up around a broadcasting 
antenna. 

directions. Fig. 15 shows how these 
exist around the tower when the radio 
cast. 
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13. SPEED OF RADIO WAVES. A modulated carrier wave is propa- 
gated into space at a tremendous speed; in. fact it travels at a 
speed the same as light, approximately 1b6,000 miles per second. 
At this rate, a radio wave can travel around the earth at the equa- 
tor more than seven times in one second. 

Regardless of the frequency (in kilocycles) of a radio wave, 
it will always travel through space at the speed of light. A 100 
kc. radio wave travels at the same speed as a 300,000 kc. wave when 
radiated from an antenna. Thus, a radio wave arrives at your re- 
ceiving antenna practically the same instant it is sent out from 
the transmitting station, regardless of how many miles the station 
is from your home. 

I have given you a brief picture of what gees on at a radio 
transmitter. If you have found some of the terms and expressions 
used a little difficult to grasp, do not be greatly concerned about 
it at the present time. In your future lessons, all of this infor- 
mation will be repeated, and at that time each detail will be made 
very clear. For the present, I mainly want you to get a general 
idea of the subjects you will be studying. Later on, you will be 
able to read this lesson again and understand each term perfectly. 

14. THE RECEIVING AERIAL. Transmitting a radio program over 
a carrier wave to our homes is indeed amost remarkable feat. Tele- 
phone circuits employ wires to carry the sound waves, but in radio 
an intangible electrical wave is used for the carrier. This, to 
most people is the mysterious thing about radio. After you learn 
about electrical and magnetic fields in future lessons, you will 
be able to understand how this "magic" act is performed. Now I 
know you are interested in learning how the modulated carrier wave 
is treated at the radio receiver in order to reproduce the original 
sound waves. 

Microphone 

waves / 
Sound 1y¡ 

of 

Radio waves 
through space 

Tower 

Insulators 
Receiving 

Antenna 

Radio 
Transmitter 

II. 

, 
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Ground- 1-Htor _ _-.7---- - _ 
Syrtgi EariEs Su[_füé- - -- Input Radio - Grountr - Frequency 

-" Transformer 

Radio 
Receiver 

Sound 

) 
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Fig.t6 Illustrating the transmission of radio energy toe receiver. 
In Fig. 16 you will see a drawing which illustrates the process 

of transmitting and receiving by radio. The radio waves travel 
through space and strike the receiving aerial wire. The aerial is 
insulated from ground, so very weak radio frequency voltages are 
produced in it. These voltages have exactly the shape or form 
as the passing radio wave. Assuming that the radio wave is a modu- 
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lated carrier, the weak voltages in the aerial wire will cause weak 
radio frequency currents to flow througt the aerial circuit from 
the elevated wire to ground. The ground (earth) serves as the re- 
turn path for the radio energy from the receiver back to the radio 
transmitter. 

Included in the. aerial circuit is the primary winding of a 
radio frequency transformer. An RF (radio frequency) transformer 
is built differently from an audio transformer; however, its purpose 
in the circuit and its theoretical operation are the same. When 
drawing the symbol for an RF transformer, the center lines are 
omitted, indicating that no iron core is used in its construction. 
The core material for an RF transformer is air and the two coil 
windings are supported on a short, hollow tube of some non-metallic 
material such as cardboard, or bakelite'. Fig. 17 at A is a photo- 
graph of a radio frequency transformer. You will probably find 
several such transformers inside the shield cans on your radio set. 

(A) 

111110 
(") 

(ó To next e Ampl if ier 
Variable 
Condenser (B) 

1st RF 
Amplifier 

Fig.17 (A) Photograph of R.F. transformer. (8) Illustrating the 
reception and amplification of a radio wave at the receiver. 

15. AMPLIFYING THE RECEIVED RADIO WAVE. Now we shall refer 
to B in Fig. 17 to see how the intercepted radio wave is conducted 
into the receiving set. The RF voltage in the aerial wire is re- 
presented by the small figure labeled (1). This is a modulated 
radio frequency voltage, and it causes a modulated radio frequency 
current to flow through the primary winding of the RF transformer 
to ground. The RF current through the primary is represented by 
the figure labeled (2). Notice that bo-,h (1) and (2) are small, 
indicating that the RF voltage and RF current in the aerial and 
primary coil are very weak. We would find them to be only a few 
microvolts and microamperes if we were tc use sensitive instruments 
to measure the actual values. 

When RF current passes through the primary of the transformer, 
an RF voltage is produces on the secondary side. We must now divert 
for a moment and explain the presence of a new piece of equipment. 

4 The new part is a variable condenser; it is connected across the 
secondary of the RF transformer. A cond>nser is an important piece 
of equipment in radio and electrical work because it is the only 
device which can store electrical energy. In nearly all radio cir- 
cuits you will find many condensers used; some of them are fixed 
in size and some are variable. 

The variable type of condenser is often called a "tuning" 
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coil 

condenser because all radio receivers are tuned by varying the 
effective size of such a condenser. The tuning knob on your radio 
set is fastened to the shaft of one or more variable condensers. 
When you tune your set to receive different stations, notice that 
the flat metal plates of the condenser move in and out of mesh. 
This changes the effective size of the variable condenser and causes 
the tuning circuits in the set to respond to different incoming 
radio stations. 

I 1111 11 1111 ill r%J_ 

Coil of 
Tnirg 
Circu[ 

(B) 

er fable 
Tuning 

Condenser 

(al Cc) 

Fig.18 (A) Photograph of variable condenser. 
represent a tuning circuit. (C) Photo of tuning 
ser connected together. 

A in Fig. 18 is a photograph of a variable tuning condenser. 
B in the same figure is a drawing to show with symbols how the 
tuning coil and variable tuning condenser are connected across 
each other. In practically all cases, the tuning coil is the sec- 
ondary winding of an RF transformer as shown in Fig. 17. The photo- 
graph at C in Fig. 18 shows how the tuning circuit is connected. 
Try to locate these parts in your radio set. 

Symbol for 
Antenna Wire 

Fib.19 Block diagram of radio receiving set. 

Symbols to 
and conden- 

I cannot take the time now to tell you how a tuning circuit 
works. If you will look at the outline of your course, you will 
find that an entire lesson will soon be devoted to that subject. 
For the present, all I want you to remember is that such circuits 
are necessary in all radio sets so that they can be tuned from one 
radio station to another. Now we shall return to our discussion 
of B in Fig. 17. 

The variable tuning condenser is rotated until the radio wave 
we want to receive is able to pass through the tuning circuit. 
When this is done, the RF voltages will be slightly amplified and 
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applied to the grid of the first vacuum tube inthe''set. The draw- 
ing labeled (3) represents the modulated radio wave applied to the 
first RF amplifying tube. The. radio wive is amplified by the vacuum 
tube, then delivered through a second RF transformer -to a second 
amplifying tube. The drawing labeled (4) represents the amplified, 
modulated radio wave. 

By using a sufficient.number of amplifying tubes, the weak 
radio frequency voltage in the aerial wire can be made quite strong. 
Generally, amplificationis continued until the signal is one volt 
or more. That part of the radio set which amplifies the modulated 
carrier wave is called the radio frequency amplifier. The block 
diagram in Fig. 19 shows. the four important sections 'of all, radio 
receivers; you can.see that the radio frequency amplifier is the 
first section following the antenna. The power supply is merely 
for the purpose of supplying the necessary voltage and current for 
operating the vacuum'tubes in the set. 

16. THE DETECTOR AND AUDIO AMPLIFIER. Now we come to the 
interesting section of a radio receiver, the detector. You will 
recall that we Used the high frequency wave generated by the trans- 
mitter only for the purpose of "carrying" the audio wave to 'the 

receiver. Up to this point in the receiving set, the high frequency 
carrier wave is still present. We must now separate the two, re- 

moving the carrier wave from the circuit, and feeding the audio 
wave into the audio amplifier. 

Tofl 

"4-414-1 
Amplifier Detector 

Audio Inj 
C -L (2) ' 

Carrier noes 
to Around 

Audio 
Amplifier 

Spealer 

Fig.20 I'llustrat'ing how the detector removes the carrier wave. 

A detector is a vacuum tube circuit carefully and precisely 
designed so as to perform this job. I know that when you study 
the lesson on detectors you willfind it extremely interesting. 
Fig. 20 illustrates -what happens; (1) shows the modulated carrier 
going into the detector; (2) shows the high frequency carrier being 
passed through the condenser C to ground; and (3) shows the removed 
audio wave going into the audio amplifier. The audio currents in 

the output of -the detector have exactly the same fare as the audio 
currents which were produced in the microphone circuit at the broad- 
cast station. . 

In the receiver, we must nów amplify these audio. currents until 
they are strong enough to Aperete a loud speaker. Again one or 

more vacuum tubes are used and, the result is that strong audio cur- 

rents are fed into the windings of the loud'speaker. Let us now see 
how the speaker operates, then our 'bird's-eye" view of broadcasting 
and receiving will be complete. 
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17. THE POWER TUBE AND SPEAKER. The last tube in the audio 
amplifier is called the "power" tube. The reason is because it' 

. must deliver audio power (voltage add current) to the loudspeaker 
in order to make it 'operate. A in Fig. 21 shows how the loudspeaker. 
is connected to the power tube and also shows as outline drawing 
of a typical speaker. By close inspection, you will see that a 
loudspeaker is constructed somewhat the same as a microphone. It 
contains a: strong permanent magnet and a voice coil. The main 
difference is that a large paper cone is attached to the 'voice 
coil instead of a diaphragm. 

- Audio 
Power Tube 

LiVoice 

Coil r! 
ar.ne of I" -Speaker. 

. . A 
Fig.21 (A) Drawing to show how the power tube is connected to 

the loudspeaker. (i) Photograph of loudspeaker. 

The amplified output of the power tube is passed through the 
primary winding of the last audio transformer in the set. The volt- 
age produced in the secondary ofthe transformer then forces a strong 
audio current through the.voice coil winding of the loudspeaker. 
As the audio current varies in the voice coil, the coil is set into 
vibration because of the interaction between the steady magnetic 
field produced by the permanent magnet and the varying magnetic field. 
around the voice coil. The paper cone is attached firmly to the' 
voice coil, so when the voice coil moves in.and out, the cone vi- 
brates in accordance to produce the sound waves. 

The sound waves generated by the speaker cone are exact dupli- 
cations of the electrical audio currents pasting through the voice 
coil. Assuming that these currents have the same waveform (except 
that they are amplified) as the audio currents originally produced 
in the microphone circuit at the broadcasting station, the sound 
waves set up by the vibrating cone of the speaker are exactly the 
same as those which struck the diaphragm of the microphone.us, 
speech and music has been transmitted over many miles and reproduced 
in our holies by means of radio communication. _ 

18, CONCLUSION. A complete radio communication system, in- 
cluding trensaission and reception involves many, many different 
kinds of. intrioate circuits and component parts. Should: any one 
circuit or any single part in this system fail to function properly, 
reception at the receiver will be either totally i*possible or severe 
distortion will accompany the sound from the speaker. Radio oper- 
ators, servicemen, and technicians must have a complete understand- 
ing of each and every circuit in the entire system if they are to be 
sucoessful in constructing or maintaining the equipment. As you 
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study through your course of training, you will learn about these 
intricate circuits, one by one. Upon completion, you will have the 
necessary qualifications for one of the many prosperous jobs in 
theridio oomaunication field. 

I Gast again rewind you that if you are to become en expert 
radio men, you cannot -neglect to learn thoroughly the fundamentals 
of electricity in the next few lessons. These principles are all- -r 

important; you will not be able to comprehend the future lessons 
bompletely unless you have a working knowledge of the fundamentals. 

In the brief outline of radio 'communication just given, I 
mentioned just one type;.. of' microphone, one design of phonograph 
pickup,' one kind of loudspeaker, etc In reality, -there are many 
different ways -of making each of these units and also, .there are 
many types' of radio circuits which I did not mention. Yon under- 
stand, of oourse,'that it has been necessary for me to omit quite 
a lot in order to sake a brief survey of such a broad field. If 
you now have a general insight on how radio programs are. brought to 
your home,' this lesson has fillfilled its purpose. 

Later, I shall tell you in" brief.how television pictures are 
sent out over radio waves. Yon. will be surprised when you learn 
that there is very little difference between broadcasting a televi- 
sion picture and broadcasting sound waves. The same underlying 
principles are used except that an "electric camera" is used instead 
of a microphone and .a "reproducing screen" is used instead of a 
loudspeaker. 

It is now time to begin. studying some of the fundamental eleo- 
trical laws and circuits. In the next lesson, I shall tell you about 
series circuits, parallel circuits, and Ohm's Law. These are three 
important snbj eats, very essential as a part of your 'basin knowledge. 

o, 
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When working with Ohm's Law,. you will find it necessary to 
use simple arithmetic in solving some of the problems. I know you, 
learned to use fractions in grade school several years ago, but I 
ea going to help you recall the fundamental operations by reviewing 
them in the next few pages. Perhaps you have been using your arith- 
metic enough that you do not need the review; if so, just skip this 
material and proceed into the next lesson: At the end of Lesson,5, 
I will review the use of decimals for you. 

Should you encounter difficulty in solving any .of the prob-, 
lens or understanding any of the definitions, we advise that you 
secure the assistance of a friend who is capable of supplying the 
necessary detailed instruction. Private tutoring is the most sat- 
isfactory method of learning mathematics if no previous knowledge 
of the subject is possessed. Complete concentration and persever- 
ance' are necessary in order to master the subject of mathematics to 
the point where it is readily applicable when the occasion arises: 
The ability to apply mathematics to the study of Radio and Televi- 
sion is'en unquestionable asset and every student should attempt to 
place himself in this desirable position, 

COMMON FRACTIONS . 

- 1. DEFINITIONS. 

,A fraction is an indicated, division; which'empresses one or 
more equal parts into which n unit ,:mkv .be divided. Examples are: 
}, id`s, etc. - , 

- 

The number below the line in 'the fraction is'called the denom- 
inator or the divisor of the fraction. The denominator shows into 
how many parts the whole is divided. 

The 'niimber'above the'line in'the fractióri 'is' knoih as thenna 
erator or dividend of the fraction. The numerator shows how many 
of the parts, into which the'whole is divided, are taken. - ' 

For example, suppose we divide an inch into eight equal parts 
and then take three of these parts. Eight would be the denominator 
of the'fraction and three the numerator. We -would, then say we had 
$ of' an inch. 

' The combination of a whole number -end. a, fraction is called a 
mixed number.- ':Examples. are: 3}; ' 2}, ,1O4i, etc., Note that 3} means 
3+f. - 

'If the numerator is less then the-'denómiñator, it is said to 
be a proper fraction. Examples are: }, 1, , Mr, etc. 

23 



If the numerator iá equal to or greater than the denominator, 
it is said to be an improper fraction. ies are: '1, f, Z 

' A proper fraction always has a value less than 1, while an im- 
proper fraction has ,e, value equal to or greater than 1. 

Two fractions which have their numerators end denominators re- N" 

speotively equal are equal to each, other. i- 

' Of two fractions having equal denominators, the one with the 
- larger numerator is the greater. Example: fie/rester greater than f: 

Of two fractions having equal numerators the one with the 
larger denominator is the smaller. Example: , Via less then fi. . 

When two fractions .have unequal numerators and denominators,, 
comparison of their values is not messy. .For example, to compare, 
¿ and, we must first change both fractions 'so that they have 
equal denominators. ' A method. for doing this will be explained later. - 

- 2. :FDiiwiEITIL PRDNCIPLES. , , 

(1) If -we multiply or divide both'ánaerator and. -denominator` 
by the same number, we do not change the valve of the fraction. For 
example, let us take f-.. If we Multiply both numerator and denomi- 
nator by 2, we will have 1, which is equal to f. Or if we have ; 
end divide both numerator 'and denominator by 3, we will have # or 
3, which is equal to 1. - - 

(2) ' If we maltiply-the numerator or divide the ,denominator by 
a number, we multiply the fraction by that number. For example, 
we will take 4. If we multiply the numerator by 3, we .will have 1, 
which is equal to 2, and this is three times f. Or if we use the 
same fraction and divide the denominator by 3, we will have 1, or 2. 

(3) If we divide the numerator or multiply the denominator by 
a.number, we divide the fraction by that number. For example, us- 
ing f,.we will divide the numerator by 3; this will. give us f, which 
'is 1 divided by 3. Or multiplying the denominator by3 gives -us t}, 
which ,ia, equal to f% 

.3. REDUCTION OF A MIOLE OR lQ3ED NUMBER TO Y,DIPROPER ;TRACTION . 

Example (1) . Reduce 3 to 4ths. - Since 1 = f, 3- .3. x f ..n 91 Ins. 
(By principle 2.) 

Example (2) .' Reduce 8f to 3rds: Since 1 = f.,11= 8 x IV= .; 
Therefore; 81= i° + 1= if Ina. - 

- Rule: To reduce.a wholenamber :to s fraction with.a certain 
denominator, first change 1. to a fraction with this denominator and 
then multiply the. numerator by the given whole number. If we have 
a mixed number, we must reduce the whole number to a fraction and 
then add to the numerator -of this fraction 'the numerator. of the 
fractional .part of the mixed number. 
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- ¡yu', 
I 

4. REDUCTION Ot AN DAR -FRACTION TO IODIC OR KEW NUMBER. ' 

Example (1).. Reduce 4,1 to a thole umber. al se E8 + 7 " 4 'Ina. 
. - 

Ii 
° 

r. Example (Z) '- Reduce 1. tea mixed na ber.'' 4) il 21+ 8 .12f Ana. 

'' ¿ ' Rule: To reduce an improper fraction to a whole ormixed iiiat 
ber-' divide the' numerator by the denominator. The quotient' is the - 

, a r whole number. If there is a 'remainder, it becomes the mentor of 
the frictional. part of a mixed number. 

,- , ,' Exercises - -_ _ 

1. Change the following numbers to fourths., 8, 11,-15. To 
- sevenths.: -Unwire Y. 3!, 'i. Y. ;i, 41) . - 

2. Change the following mixed numbers to improper'fractions: - 

8f, 44, 1». (Answers: if, Y, 'M.,/ 
3. Change the fó roper fractions to whole or mixed " 

' , - y numbers. 9,___V, Wa; W, , W. (Answers: 94, 3f, 
' _ = 

42, 56,. 29, , 13tfw, 39A.) - . 
- 

5. REDUCTION OP PRICTIONB To LOWER TERM.-- ., 

A fraction is -in its lowest terms when the numerator and de: 
- nominator are "prime"' to each other, or when there is no thole esa- 

ber that will exactly divide both of them. 
Example. Reduce M Ito its lowest terms. It is seen that 10 

will exactly divide 
b,Qoth 

60 and 160. Therefore, we will have: 

..r; 160 + (Principle 1) 

Again it is evident that 2-will exactly divide 'both 6 and 16.. There- - 

fore, -we have: ` 

r , I' - ' 1 - , + .= H - - . !, A .T . 

° which. is the ;lowest terra, since there is no whole number, other 
than 1, whioh'will exactly divide both 3 and 8. . 

Rule: To reduce a fraction to its lowest terms; divide both 
numerator and denominator successively by any whole number that will 
exactly divide both of them. _ - p - , 

µ' . -. .. 
. , Exercises 

Reduce the following -fractions' to their lowest 'term. , 

1. AL 'Pk, M.". - Answer: 't 4 +. . 
, ,< Z: W H#; ü: .. , . 'Mawr: -1i; f, -;1>*-; 

' 

, Answer: P. _ ' 5, 

t, Answer: it. . , 

5. kW. - Answer: It. . 

_ 

A aoti"ant Is the number obtained *ben a eiuserator'fadivided,by a danced osier. 

r. 

= A "saber, la said to be 'prime' ¡Men it can be divided evenly only by itself 

- 
r . r 

J it r ',i n.-gS i' - _ ,, ,_ 25 ,'. r^ 
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6. RED L'TiON OF SEY9AL FRICTIONS TO' FRA(TIOIS 'LYING TEE S ME ' DENOQNATOR. - 

Fractions which have the, saae:denominator,are said, to have »á ,4 

Common denominator. 

Example (1).., Reduce } and } to'fractious which'have 12 for a . 

denominator. If we multiply both numerator and denominator of f by . 

4, we obtain i',. This will not change the, value of the fraction. 
This multiplier is..obtained by dividing 12 by 3. We have: 

x = 
11 u 

Likewise; -to reduce f to 12ths, we. obtain the multiplier by,.divid- 
jug 12.by.4,which gives us 3.' Therefore: 

-477-5 

Example (2) ., ' Reduce }, $, and f to 30th, 
Both terms of fare multiplied by 30 + 21= 15.. 
Both terms of are multiplied by 30 + 5 = 6. 
Both terms of $ are multiplied,by 30.+ 3-= 10. 

1,=1x1 15 
2x1 

Hx 
18, 

. 5 _ 

I- 3x18- 111 
Rule: To reduce several fractions to fractions which have a 

common denominator, multiply both numerator and denominator of each 
fraction by a number found by dividing the common denominator by the 
denominator of that fraction-. 

4.. 

4. 

To compare two fractions having unequal numerators and unequal 
denominators, they must first be reduced to fractions having a com- 
mon denominator. Thus, to compare f and 4, we first reduce them to 
fractions having 56 as denominators. We obtain fi and f respeotive- 
ly, from "which.it'is, easy to see that'} is. greater' than }. 

7.' LEAST COMMON DENOMINATOR. . S - 
' In the preceding examples, we assumed a denominator and re- 
duced the fractions to that denominator. Ordinarily, however, we" 
are given several fractions which we must reduce to fractions hav--- 
,ing a. least common denominator. This is abbreviated to L.C.D. 

Sometimes the L.C.D. can be determined by inspection. Thñs, 
the L.C.D. of 4; }, and } is 12. More often this is not the case 
.and we can then use the following method: ' 

Example .(1) . Find the'.L.C.D. of I, db, and Ja-. 

.. - 531 

3, , 
L.C.D. = 5 x 3.,x 3 x 5 x 2= .450 !flakier. '= 

Whet we did, was to write the4 denominators in a line and divide them 

- 

1 

,,'t 

. 



r' 1=_ 

'- 

by any number that would ' exactly divide 'two ,ar. wore :of . thee. 
this case, it was 5. Then'we divided_the quotients by say limber - 

that would exactly divide two or more of them. The first quotients' 
Were 9, 5, sad 6, and We see that 3 Mill exactly divide'=tbe:9 and _ _. 

the 6. We perform -the divisions, bringing down -the 5 since -it -1s 
not divisible by 3.. Our new quotients are' 3, 5, and I. -We have 
continued the process.as far as possible since there is no number 
that will exactly divide two 'or more of these' numbers. The L.C.D. - 

was .found by multiplying together all of the divisors and the., final 
quotients... 

Rule: Divide the various denominators by a -prime number that 
will divide two or more of them; then divide the remaining numbers 
and the quotients by a prise number that will divide two or more of 
them. Continue this as long as possible. The L.C.D. is the product 
of all the divisors and the quotients or numbers left. , 

Example (2). Find the L.C.D. of t, &, 31, °ad.i A. 
11/5.11,22,44 

.- 

' ' 2/5, 1, 2, 4 
6 ,..y. 5,1,1,-2 

L.C.D. ...11 x 2 x '5 x 2 220 . Memoir.. 

Exercises 
1. 4ZOths. Answer: ' Ea: aA, . H'. 
2.. 2]Othe. Answer:- M, M,. 

36ths. Answer: Hi ás , 

fractions having' 
Answer: , >r, fit - - 

Answer ¡ r ,w' 1 
t 

1 . (C) tb, }, and é. Answer: ,, é 
(D) }, }, mad i.' Answer: fir, Ida, *- 

t 

8. - ADDITION OF PUMMEL S - _ .. - t l 
We cannot add two fractions 'such' as land' directly, any o e 

thsn'we could add 2 apples and 3 oranges. We mast first. change the 

Change f,' A, and lo to 
Change ,1, * , and f to 
Change 1, }', and j to 
Reduce the' following to 

(A) I and # 
(B) tit and ieg. it 

fractions into ones having a L.C.D. Thus: - 
1 t nr, wt n 

x x 3(11 _ d. . f . ;. 

1. 
J^" 
1 x 2 

«6- 

2 I. 
= 

t 1 ^51 
F ' Then to add the fractions, we add the numerators fors new nuwerator - 

end use the L.C.D. ss our denominator. Finally we reduce the' sum - 

to .its lowest terms: 

',1- 
= Answer 

i . . - . 

3. 

. ¡ (Exsipilys follows ' 

4 t i¡' ', r t , f . 

t, 

. ' - ,b y 



- 
Example C1). } + } } + # 

It + .í3t + .19b ' fi = 1lí4 = *Ammer. . 
- Example (2) . Find the sum of 2} + 4f' + ]} + f. The whole num- 

bere and the fractions m y be added separately, and thin these soils 
added to find the total. First, wewill change these, fixed numbers 
so that the -fractional parts have a L.C.D..: 

2H + 4W4. 141 + f4' = 714'= 91 Answer. 
'Rule: To add fractions -that have equal denominators, add the 

nueerators of the fractions and place the sum over the L.C.D: If 
this gives aa,improper fraction, it mast be reduced to a whole or 
arced number. If the fractions have unequal denominators, first . 

reduce them to fractions -with a L.C.D. To add mixed,numbers, add . 

the whole number and fractions separately and then add the sums. . 

"'' Exercises 

Add the following paid ex_pressthe sum in the simplest 

.. : 

t 

form. 

Answer: 1t,. 

2. }+}+ Answer: f . 

3. f+f+,f , 

. - Answer:.i#f. 
4. if+3}+4}. Answer: 911. 

5. 11=}+-jOd.+5}. Answer: 26M.. 
6; }+3}+}., :, .Answer: 33íy 

9: SUBTRACTION OF FRACTIONS. `''' I. .' 

Example (1) . Subtract I from i . ; - = } = } Answer. 
Since the fractions have a L.C.D.,-;;e find their differeñce by 

taking the difference of their numerators end rising the L.C.D. as 
the denominator. .If the fractions do not have aL.C.D., they must 
be reduced to fractions that do. 

- Example (2). -,,Subtract } from f. f - } = f' -.f = }Answer. 
Example (3) . Subtract 2}from 5f 51- 2} = 51.- 2#' 
Example -(4). Subtract 3f'from 7j. First'chadge the fractional 

parts into fractions"that have a L.C.D.: 

' 7 - 3f = 74 - 34. 
Noti -e that it -is not possible to subtract the .> , from the : The 
easiest: way out of this difficulty is to now change the mixed num- 
bers into improper fractions pad then subtract: 

74-34=4f-If= 14 = 3i, AM- 
Rule:- To subtract one fractión from another when they have 

equal denominators, find the difference of the numerators and write 
it over the L.C.D. - If the fractions do not have equal 'demoiisaters, 
reduce them to oneswitha L.C.D. before subtracting.' If the num- 
bers are mixed numbers, subtract the fractional parts; then the whole 
numbers.. If the fractional part of the subtrahend' is greater than 
the fractional part of the minuend', reduce the mixed numbers. to im- 
proper fractions. and then subtract. - ' TM number which Ii being .subtracted is celled the subtrahend. 

TM number which is Damp subtracted from is called the minuend. 

118 
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` T ' -_ f 
. Ie, 

_ _ _ , 
-1.11 

a 
- - . 

. 
1 '.1r= . 

a s-'5--1'. r . =E:erciees f. 
J . 4 . p p.4,1,:n '` -i- ., 

_Jp;f a 
'...11. 

- .,. . . :. 

- ; Subtract the following and express the sum in`the simplest' forf ' - - 

1 1 --11. .J 1 ,.1, :,1,u, t 
2. It- 1 _ rA !,1 ::C.! jj. a 

3. 31 - if. 
5 

' - 

4. 4f -2i. ;; t a.'Y- y,=. . 
_ 5. 2f - 1f. -' 

. 

r ' -. .6 51 - 31, J..a 

.. 
....:.r,--. - ,, 

s. * , 

Answer: } ffl 4.91_ _ 

Answer: 2 '" ' 1'. 
/nswerr t; :s 

, -' 

Answer: f}. . 

- Answer: n 1}}. 
.. ' _t)' , . 

, ° .J.; "Ji i , 

J2-.10. MULTIPLICATION OF; FRALTION. YfD .IDLE :NSl6RR. 
5 

p JBy princiQle (2), multiplying (1).-'Mñlti ],_f'by 5- p pp 

the numerator of a fraction bl,a number multiplieá the Traction by 
this number: '` 

J 
X 5 = 3p _ 3i Ans. 

1 
.' ' 

, 

' ' 4 
"7Z11. 
, . 

Example (2). .Multiºl,1 íis_by 5. -X-5 = t4'= f ins. '''y_ 
Rule: To multiply a fraction by a whole number or a whole una-- 

1 -_ bar by a fraction, multiply the numerator of, the fraction by the'--- ' i, 

,. whole number,,then,reduce to lowest, terms: 
.11 

` - 
_4 

N J 

- 11. IULTiPLiCATlOIÍ OF A FRACTION BY A FRLGTION:P» 

1' 
. 

° Example (1) -Multiply f by }. f X } _ }4 Ina. ...1 ! ,, : 

. Example (2). Multiply f by , f X = if -..f Aiul. ':. . ,;? 
. ' . 

- Rule: To'-ioltiply a fraotiol by a fraction, multiply thenumr, r 

erators together for a new numerator; end the denominators together- _ , 

''=".--1 

for a new denominator. Cancellation is always used -In multiplica- - _, 

tion problems.. - 

CANCELLATION. 

k i l f h . u 'T.1. ir.. ' 1.-- FH i..: II,. - ,::-y1 
'=1 

' -- 
1!. CANCELLATION. - ' 

J 

In the solution of a problem, iWioften encounter.a mmltiplica- , . 

P = tioo'sneh-'se-the following: , ... . 

- 

ºf, 77 ,¡8p 
`. 

'' Me could,.of course, multiply together all the terms in the nnmer- ' 

_.._. 

- ator and ten divide this product by the product of the terms in the = _ J 

denominator. This would give us: 
ii 

- 
d _.- 1- . w.11 x,4 x 16 

'Ji 
;Tr.'.', 

^íaá,1 i 

,` _ r r- L X 4 X 7 X 8 448 ... - u 

m -However, we can save "considerable time by a process known as óancel- - 

-. laticn,. Let us solve, the same problem by this method:_ - ' 

}Y. 

-x 
x 

x0.= 
.?E4 = g,} 

First, ' it 'is seen that 4 is tound'bo7th above and below' the lipe. 

We will draw a line the each of them and they are then said to 
be cancelled. We can dote same thing with the two 8's. 'Notice 

} 
- 

e 

'' - 

- 



("'.'7.. 

- that the 16 aboye the line and the 2 below the line are both divis- 

!I: 

- e by 2. We will draw a line'through the 2 and also thrónjd the 
Then we will write an 8 above the16, which is the number of 

es that 2 is contained in 16. We now have left in the numerator 
3 aad..8, and in tae denominator a 7. 'No further cancellation is 
possible,;. therefore,' we multiply the 3, by the 8, which gives is if or 3}. 

Example (1),. 

4 x li x i- s Ana. 

., 2 3 
First, we cancelled the 10 and 30, writing a 3 below the 30. Next, 
»we cancelled the 4 and 8, writing a 2 below the 8. We now have left = 

- a'2 above the -line and á 2 end 3 below the line, therefore, we can 
ohioel the '2's. Now notice that every term above the line has been óoOoelled; Me therefore 'retain one of t e unit factors which we 'ne- 
glected to write when cancelling. This makes the numerator 1.' 

Rule: (1) Any factor* in the numerator may be divided into ' 

eaq factor in the denominator. 

(2) Any factor. in the denominator may be divided into ' 

ate, factor in the ̀ numerator. ' - 
Any, whole number which,wrill exactly divide two not . .bra, one above and one below the line, may bedivided into, each. 

(4) To obtain the answer, divids,tl}e p roduct of the num-. 
- - bers remaining above. the; line by the product óf the numbers remain-. log_ below the line. If no, number. remains above or below, use 1.. - 

Note: This method cannot be used when there are,indicated ad- 
4itions or subtractions in the problem.' 

Example (2 
x 

). , . 

. FittIt, perform the multiplication, and we have:: 

/ken perform the addition in the, numerator, and-- the. subtraction, in, 
tie denosinator: - 

= Ana' 
,_ 

b,eroises . 

Use cancellation 'to,find,the,results in the following: 

-t.'lr' ,". ,x, _.> ' , An` . '. . 

2. 20 x x-lA: Ala. 6> . 24 x - x' 7; 
. ' z , 

. 

3 x 99 x 12l '" Ans. 396 
11t,' x 33 x 12 * Af ipr of a vino, number I s any Mala nmgber tlt. WI!): exactly divide it.: 'Tills, 2, re'.Vi, and_6 are fACtOrs,of tL;, - ; , 

30 
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-fig¡s:4v ` x - ' t 

t 

' 1.4 Ana. ,1 

T¡yj Q g* 13. liJLTIPLICTIOIi tantas ' üI+E 
.1 ^ , 

Example. (1) . IMultiP4 7# by 3. - 

7,x3.=áx3=y-23ftna:`, - 

Eicspie (2) . Multiply 81 x 2#. ' 
' 

8/ x x = yf = 22}} Ans. ' 

Rule: To multiply two numbers, one or both of which are mixed - 

umbers, change the aixed numbers to improper fractions sad multi-' 
ply the fractions according, to the rule given in paragraph 11. 

.i ' ir' 
, - 1-._c Exercises - ..1. -- 

Find the product of each of the following. .Cancel where poss- 
ible. 

} 1. ' f x 3. - Ana. 21. 5. 31 x. 4. 
2. } x 20. Ina. 16. 6. 51 x 11. 
3, f x 4. 41n8. f}. 7. 0 x.2?'. 
4. i x f: : Ana. }. 8. -61 x 4i4.. 

Ana. 131. 
Ans. 64}. 
Ans. 9if. 
Inn - 30lt 

1 

1 

° - I 

a.s,- - 
. 

14:2 DIPISIO Of -P ' - . - 

- 

I -- u 

' Exsaple'(1). Divide f by 1. To divide' 1 by 3 is to find one ,. 

of the 3 equal parts of f. Also, to take I of f is to find one of 
the 3 equal parts of 1. To take f' of a number is to multiply that 
number by 1. Therefore, we have: 

f+ 3. f x y_ 1u ins. 
The reciprocal of a number is 1 divided by -that number. Thus -. f is the reciprocal of 3; f is the 'reciprocal of 4; and 4 is the 

reciprocal of f What we did. in the above example was to multiply 
1 1 the dividend by the reciprocal of 'the divisor, where 4 was the div- r 

c idend and 3 the divisor: - , 
:Example (2). Divide 7 by 1. 

7 + } = 7 x f,= Rt =9f Ana. 
Example (3)., Divide # by 1. - 

dr 

U 

-,- 
.+3= x4= /ub. 

3 
= Example (41. Divide 34 by 4/ . 

2 
3f + 4} x + = v x. 4 

1 

4The expressiontis equal to 1 + f =. 1 
A - - 

0 

x f = f /na. 



1 

Also: -t=i-4= 
3 

x í=1-Ans. 
2 

Likewise: 4= -k = - -6 x 1 = +34 = 13+ Ans.. 

We shall have occasion to solve such problems as: 1 

This means that 1 is to be divided by the sum of the fractions +, 
and k. We therefore proceed to find the L.C.D. of these fractions, 

add them, and then divide 1 by this sum, as: 

3- 4- 

- .1++4= 1x}=$= Ans. 

Rule: To divide a whole number, or a fraction,by a fraction, 
or a whole number, invert the divisor and multiply it by the divi- 
dend. If either or both dividend and divisor are mixed numbers, 
first change to improper fractions. 

Exercises 

1. $ 
_ 

6. Ans. 5. 13. _ 2+. Ans. ?j. 
2. 4 - +. Ans. 12. 6. - 121. Ans. 81. 

3. Ans. f 7. 128 - Ans. 210. 
4. 73 = 2i. Ans. 32 . 8. 5 _ Ans. 1-4 15 
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AMBITION 
THE MOTIVE FORCE THAT DRIVES MEN TO SUCCESS! 

This little story is a true recital of an incident 
that vividly portrays the reason why some men reach 
the depths of failure and despair, while others, who 
started life on an equal basis, climb steadily up the 
laoder of success. 

Driving through an older section of the city one 
cold, disagreeable day, I was thinking about my comfort- 
able home and other pleasant things, when suddenly, 
without warning, my car snorted a couple of times, 
jerked along and then stopped. We all know tnat a car 
will not run without gas, so with a muttered exclama- 
tion of disgust, 

I opened the door ano clambered out 
into the cold. Gazing up and down the street in the 
hopes I would sight a filling station, my tnougnts were 
interrupted by a shuffling sound at my back and a weak, 
watery voice tnat said, 'Mister, I'm cold. not no place 
to go and I'm hungry. Won't you please stake me to a 
meal.' Turning around, I beheld the drooping figure of 
a man that was comparatively young a tragic face and 
a stooped, shriveled figure draped in rags whicn had 
once been a suit of clothes. Asl looked into his pleac- 
ing eyes, I could not help but wonder why there was such 
a difference in men that spelled either failure or suc- 
cess. So I decided to find out. 

We went into a small restaurant. I bought him a 
plate of food and a steaming cup of coffee, and we 
talked. I discovered that this poor man had never nad 
any particular ambition. He just kept hoping and hoping 
that some day he would get a 'lucky break' like 'other 
guys get'. He didn't believe in 'eddecation', had no 
objective in sight and was just sort of 'sittin' around 
in the same old place'. 

Flash! It suddenly dawned on me that that was ex- 
actly what my car was doing 'sittin' in the same ole 
place.' And it was sitting there because there was no 
power to drive it to my destination. This decrepit, 
hopeless man lacked driving power, too ambition to 
make his 'energy engine' run. He was 'out of gas'. He 
would never have money in the bank, a happy home, a car 
nor any of life's luxuries. Poverty was his only future. 

YOU WANT SUCCESS A BANK ACCOUNT A CAR 
A HAPPY HOME AND A REGULAR JOB WITH REGULAR, SUBSTANTIAL 
PAY CHECKS. SO FIRE YOURSELF WITH AMBITION, STEP ON THE 
STARTER AND KEEP DRIVING TOWARDS YOUR DEFINITE OBJECTIVE 
IN LIFE! NEVER 'RUN OUT OF GAS'! 

Copyright 1942 

By 
Midland Radio & Television 

Schools, Inc. PRINTED IN U.S.A. 

KANSAS CITY. MO. 



Lesson Five 

OHM'S LAW 
and 

It's Application 
A very interesting fact in ' ' 

the history of Radio and Televi( - 
sion is that approximately a hun- 
Geor ago, a scientiste namedt 

Georg Simon Olun developed an electric- 
al law which has stood without change 
down through the years. It is known as 
"Ohm's Law" and is considered as one of the fundamental laws in the 
applications of all Electrical, Radio and Television science. 

It is imperative that you become thoroughly familiar with the 
use of this law and its applications. Bear in mind that there is 
nothing difficult in the study of this subject. Do not make this 
interestiusrand important subject hard work and drudgery, but rather 
approach the subject with an open mind and you will find it much 
easier than you anticipated. 

1. DIRECTION OF CURRENT FLOW. It has been shown that it is 
impossible to establish an electron movement through a conductor 
without an electrical pressure or voltage applied across the con- 
ductor. Since electrons are negative particles of electricity, the 
electron moving force or voltage evidently causes the movement of 
electrons by the attraction and repulsion exerted on these tiny neg- 
ative particles. The direction of the attraction and repulsion will 
he in accordance with the fundamental physical laws: 

1. Like charges repel each other. 
2. Unlike charges attract each other. 

Every source of voltage, then, must have an attraction at one 
of its poles' and a repulsion at the other pole for the negative 
electrons in order to set them in motion. The pole at which the at- 
traction for the electrons exist is known as the "positive pole" of 
the vnita[e source, and the pole at which the repulsion for the elec- 
trons exist is known as the "negative pole" of the voltage source. 

We have all heard the expression "positive and negative poles 
of a battery" used, and at this time it is necessary to learn exact- 
ly what is meant by it. In a battery of any kind, the electrical 
pressure produced at its two poles or terminals is due entirely to 
a chemical reaction which occurs within the battery. The chemical 
reaction causes electrons to be taken from one pole of the battery 
and also causes electrons to be driven into the other pole of the 

The "pole" and the "terminal of a battery mean the sane. 
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battery. An expenditure of chemical energy is necessary in order 
to cause this electron displacement. The pole from which the elec- 
trons are taken is less negative than before and is called "posi- 
tive" because of its electron deficiency. The pole into which the 
electrons are forced will be more negative than before; hence, it 
is called "negative" because of its excess number of electrons. 

In an electrical generator, the expenditure of mechanical en- 
ergy causes a similar electron displacement to take place by induc- 
tion, and a "positive" and a "negative" pole are produced. The pos- 
itive and negative poles of a generator likewise have a deficiency 
and excess of electrons respectively. (See Fig. 1.) 

usv (+) 
221V (+l 

1 

Fig.1 All devices, capable of producing a DC voltace, will have a positive terminal and 
a negative terminal. These terminals are marked on the battery and thegenerator 
Shown an() ve. 

Shen the electrical pressure of a battery i s app l i ed across any 
complete circuit, the electrons in the atoms which are loosely held 
will be repelled from the negative pole of' the battery and attracted 
to the positive pole, thus causing a drift or movement of the elec- 
trons from negative to positive. Previously, an electric current 
was defined as the rate of electron flow through a circuit. Hence, 
it follows that the direction of current flow through an electrical 
circuit is from the negative pole to the positive pole or a voltage 
source. 

It is quite possible that the last statement in the preceding 
paragraph does not coincide with former theory which might have been 
learned by the student. Since the earlier experiments in electric- 
ity, around 1752, by Benjamin I''ranklin, it has been common to make 
the statement that "current flows from positive to negative". The 
two words "positive" arvi "negative" were selected arbitrarily by 
Franklin at the time of his experimentations merely because they 
have exactly opposite meanings. In his earlier experiments, he no- 
ticed that the actions occurring in an electrical circuit coincided 
in many ways with the flow of water through a pipe. Since the law 
of gravity demands that water flow from a high level to a low lev- 
el and since the word "positive", at first thought, seems to denote 
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°high and the word "negative" seems to denote low, Franklin Concluded 
:(but with no substantial proof) thát current flowed from positive 

. to negative. Through the ensuing years, this same assumption has 
been taken for granted, and it was not until the adoption of the 
electron theory that Franklin's original idea was entirely disproved. 

It is -now a well-known fact that current (rate of electron flow) is 

' in the opposite direction to the first assumption ,r, For several 

years, engineers have known this to be true; however, such a rad- 

ical change in technical literature cannot be brought about in a 

short period of time. During the past few years, quite a number of 
the technical articles appearing in current magazines and several 

books written by engineer -authorities have adopted the newer and 
r , correct statement that current flaws from nefatiue lo positive. 

(See Fig. 2.) 

43 _1/4:4 As4s-42411 act, i 
n n + 

Source of Voltage 
(Battery) 

: 

Source of Voltage , 

(Battery) 

Fig.2 The drawing on the left' shows old men passing from the positive to the negative 
terminal of the battery. This is the direction in which the current was thought 
to flow before the electron theory. The drawing on the right shows active, young 
men passing from the negative to the positive terminal of the battery., This is 
the actual direction of current flow as proved by the electron theory, _ 

Since it is our desire to train the student with a fandaaental 
knowledge exact in every respect throughout our entire course of 
study, we are going to adopt the proper conception of the direction 
of current flow. Bear in mind that whereas other technical liter- 

ature m state that current flows from positive to negative, there 

is really no purposely introduced dissention between our opinions. 

All engineers know that current flows from negative to positive, 

but due to the fact that the older expression has been used for'such 

a long time, it is rather difficult to adopt the newer method of 
instruction and explanation. 

We are of the opinion that if the student is properlytrained 
e' . with information that is exactly correct, the benefits derived 

therefrom in his future search for technical knowledge will warrant 

the slight difficulty encountered at the present time. It is not 

our purpose to ridicule those authors who make the .statement that 

"current flows from positive to negative." We merely aim to make 

it clear that we are adopting the modern theory. 

L, 
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2. SYMBOLS USED IN WIRING DIAGRAMS. Before proceeding fur- 
ther, it will be necessary to learn several symbols which are used 
in Radio and Television work to represent various parts of elec- 
trical apparatus. Instead of showing a photograph of the piece'of 
equipment, the engineer finds it much simpler to designate that 
piece of apparatus with a symbol. The symbols to be given are those 
commonly employed by all engineers. A wiring diagram, when drawn 
with symbols, is much more helpful to the engineer than an actual 
photograph of the equipment, because it shows exactly how the cur- 
rent flows through the entire circuit. A photograph would show 
the current coming up to the part, then leaving it, but would not 
show the path traveled through the inside of the part. 

The symbols given here are those which will be used for our im- 
mediate study only. Other symbols will be given in following les- 
sons when found necessary. 

The symbol at A, Fig. 3, represents a dry cell battery. These 
batteries generally produce a voltage of 1.5 volts. The short line 
on the left indicates the negative terminal of the battery, while 
the long line on the right indicates the positive terminal of the 
battery. When it is desired to represent only one cell, the symbol 
at A is used. The drawing above the symbol shows the appearance of 
a dry cell. 

The symbol shown at B, Fig. 3, is used to represent any battery 
which possesses more than one cell. In drawing this symbol, never 
attempt to indicate the exact number of cells, because this would 
sometimes run into :.undreds. In this symbol, the same as with sym- 
bol A, the short line indicates the negative pole of the battery 
and the long line indicates the positive pole of the battery. The 
drawing above the symbol shows the appearance of a 3 -cell car bat- 
tery. 

The symbol shown at C is used to represent a fixed resistance. 
The use of resistors is very common throughout all Radio and elec- 
trical work. Resistors are used to reduce voltage, to produce heat, 
or to prevent the short circuit of a voltage source. Resistors are 
manufactured by employing some special kind of wire, such as ni - 

chrome, manganin, constantin, etc. They are also made of carbon, 
since this material has a high resistance. These resistors may be 
purchased in nearly any size desired, from a fraction of an ohm to 

several megohms. The symbol fora fixed resistor does not indicate 
the size of the resistor in ohms, so it is necessary to print the 
number of ohms near the symbol if that information is necessary. 

As well as fixed resistors, we also find that there are sever- 
al needs for variable resistors. The symbol for a variable resist- 
or (commonly known as a rheostat) is shown at D, Fig. 3. The arrow 
drawn through the symbol represents that its value is variable by 
changing the position of the sliding contact arm. From the photo- 
graph shown with this symbol, it can be seen that a rheostat has 
two external connections. One of the external connections is fast- 
ened internally to one end of the resistance wire or strip, and the 
other external connection is connected internally to the sliding 
contact arm. The other end of the resistance strip is left without 
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any external connection. An outline drawing illustrating theseiii- 
ternal connections is shown on the left side of the photograph. 

The symbol shown at E represents the same pi.ce of apparatus 
as the symbol at I). A rheostat may be represented on a wiring dia- 
gram with either of these symbols. There is no différence whatso- 
ever in the piece of equipment itself; some engineers desire to 
represent this part with one symbol, while other engineers prefer 
the other symbol. 

The symbol shown at F represents what is commercially known as 
a "potentiometer". A potentiometer is a variable resistance, the 
same as a rheostat; however, the potentiometer has a connection to 
both ends of time resistance wire or strip, as well as a connection 
to the sliding contact arm. As can be seen from the photograph of 
a potentiometer, it has three external connections. The only dif- 
ference, then, between a potentiometer and a rheostat is that a po- 
tentiometer will be provided with three external connections, while 
a rheostat will have only two. There is nothing about the symbol 
of a rheostat or a potentiometer which tells the size in ohms, so 
if this information is necessary, it must be printed near the sym- 
bol. 

Quite often we find it necessary to use a resistor that has a 
tap (extra connection) either at the center or near either end. If 
a fixed resistor has a tap at the exact center, it is commonly known 
as a "center -tapped resistor", but if the tap is nearer one end or' 
the resistor than the other, it is known only as a "tapped resist- 
or." The symbol and photograph of a center -tapped resistor is shown 
at G, Fig. 3. 

The use of meters is very important in the theoretical and 
practical applications of electricity and Radio. By the use of 
meters, it is possible to measure the amount of current flowing 
through a circuit and to measure the electrical pressure or voltage 
applied to a circuit. If we desire to measure the current flowing 
through a circuit, an ammeter will be employed. The symbol for an 

(A) (13) (C) 

Fig. 4 

ammeter is shown at A, Fig. 4. To measure the voltage applied to 
an entire circuit, or to measure the voltage across any part of a 
circuit, a voltmeter will be used. The symbol employed fora volt- 
meter is shown at 13, Fig. 4. In most Radio work, the current flow - 
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lug through the various circuits will be much lower th;ut one am- 
pere; hence, the more popular unit for measuring current. in Radio 
circuits is the mi lliampere. Mill iammeters, then, will be used more 
than ammeters .for Radio and 'Television currentmeasuremcnts. (C, 
Fig. 4.) All meters used l'orDC1 measurements will have a positive 
terminal and a negative terminal, so it is necessary to make cer- 
tain that the meter is properly connected in the circuit to prevent 
damaging the instrument. 

3. CONNECTING DC METERS. Before connecting a DC meter in a, 
circuit to measure voltage or current, there are three things -which, 
must be taken into consideration: 

1. The proper meter must be selected for themeasurement 
to be made; that is, a voltmeter must be used for all 
voltage measurements, and a milliammeter or an am - 
Meter must be used for all current easúrements. 

2. The range of the meter must be sufficiently high so 
that the meter will not be overloaded. 

3. The meter must be connected in the proper direction. 
The first consideration is important because if we do make the 

mistake of attempting to measure voltage with a mil].ia meter or en 
ammeter,. the instrument is certain to be damaged. The reason for 
this will be illustrated with an example later in this lesson. The 
student must keep the fact firmly in mind that an ammeter must nev- 
er be used to measure voltage. - 

No particular damage will result if a, voltmeter is used to 
measure current; however, a- correct indication of the current, flow- 
ing through the circuit will not be obtained. It is very essential 
to- always use a voltmeter for voltage measurements and ant , aaamneter 
for current measurements. 

It is possible to purchase meters with a wide, variety of ranges. 
By the range of a meter, we mean the maximum current or voltage 
which it is Capable of measuring. For example, if the range of a 
voltmeter is 0 - 50 volts, the design of the instrument is such that. 
the maximum voltage which that instrument can measure is 50 volts. 
Likewise, if the range of a meter is 0 - 25 ma.,: then the maximum 
current which'can be measured is 25 milliamperes. If we attempt to 
use that instrument for the measurement of a current higher than. 25 
ma., the meter will be damaged. It is very important to always make 
certain that the current or voltage you. desire ,to measure with,.a 
meter does not exceed the range of the instrument., If you do not 
know approximately the voltage or -current, always use the highest 
range available. If, by measurement, you find that a lower range 
will give a more accurate reading, then a lower range should be used. 
Overloaatding a voltmeter or an ammeter is just as apt to cause dam- 

* DC are the letters ,used to abbreviate Direct Current. Quits often DC is 
used as a descriptive adjective. All batteries produce a DC voltage and a DC current. 

s *Ma.' is often used as an abbreviation for milliamperes. 
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age as connecting it in the circuit improperly. _ 

After'making certain that the right type of meter Is being used 
and.,that.it will not -be overloaded, we must next make certain that 
the meter is. connected in the 'circuit in the proper direction. The 

negative side of the meter must always be connected toward the neg- 
ative side of the source of voltage, and 'the positive side of the 
meter must'aln:ys -be connected toward the positive side of the source 
of voltage. This is true for both voltmeters and ammeters. 

In Fig. 5, a voltmeter with a range of 0 - 50 volts is showñ 
measuring the voltage of á 45 volt battery. 'It is safe to use a 

meter with,a range of'0 -,50 volts because the maximum pressure'óf- 
the battery is45 volts. The negative- side -Pf the voltmeter, is con- 

Fig.5 Showing a 0-50 
voltmeter meas- 
uring the pres- 
sure of aK5-volt 
battery. 

Fig.7 Sacie draiving as 
F i q. 6,, except the 

0-15 MÁ is in a dif- 
ferent positioh. 

Y5V. 

: .6: Showing a 0-10 
milli whet er meas- 
uring the current 
through a resist- 
or. 

neoted "to- the negative tt ..ainal of thé battery aád the positive side 
of thevoltmeter is. connected to the positive terminal of the bat-- 
tery. r'If the battery is in good condition,' the voltmeter will be 
reading 45 volts. - 

Fig. 6 shows the correct method of connecting a milliaámeter 
in a circuit. The millis:Meter cannot be placed directly across the 
45 volt B battery without a resistor in series'because it would be 
serioúsly overloaded. It will be found later in this lesson that 
by the use of Ohm's Law, we can calculate the amount of current 
flowing through this'circuit. It. will be 4.5 ma.' Knowing that the 
current cannot exceed this value, it is safe to use a 0 - 10 milli - 
ammeter for the measurement. The negative side of the millimeter 
must be connected to the negative terminal of the 45 volt battery 
and the positive side of the milliammeter must be connected toward 
the positive terminal of the 45 volt battery. 

In Fig. 6, the positive side of the meter is not connected di- 
rectly to the positive terminal of the battery; however, it is con- 
nected toward the positive pole. The meter must be connected in 

this manner because otherwise the current would flow through the 
meter in the wrong direction, causing the needle of the'instrument 
to move in a counter -clockwise direction instead of clockwise. If 
this occurs, it is very likely that the needle -like pointer of the 
meter will be bent and that some of the fragile parts of the moving 
mechanism will be damaged. 

The milliammeter could be moved from the -position as shown in 
Fig. 6 to the position as shown in Fig. 7 and would still measure 
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the current properly and would read the saméwalire. In he. 7, the 
positive side of the meter is connected directly ,to the positive 
terminal of the battery and thenegative side of the meter connected 
toward the negative terminal of the battery. This circuit is ex-' 
actly the same as the circuit. shown in, Fig. 6 and the current meas- 
ured will be exactly the same value. 

It makes no difference in what part of the circuit themill.iam- 
meter is connected as long as the current flows through ít in the 
proper direction. 

4. SERIES AND PARALLEL CIRCUITS. When we speak of an elec- 
trical circuit,, we mean a closed path consisting of conductors 
through which án electrical current can flow under the pre,ssure of 
an applied voltage. All electrical circuits will consist of`: 

1. Apparatus for _generating the electrical wltage, 
2. Conductors' for carrying the current. 
3. A device for controlling the electrical energy. 

4. A device for using or converting the electrical. en- 
ergy. 

- - 

Some electrical circuits maybe quite complicated; however, .we 

shall start with the simplest type and build our knowledge from that. 
In Fig. 8, we have a simple electrical circuit shown, consist- 

ing of a battery; an electrical bell, a switch and the connecting 
wires. In this electrical circuit, the battery is the source of 
pressure, the switch is' the control device, the conñecting wires 
conduct the current and the bell oónyerts theelectrical energy into 
mechanical energy. 

A hydrauliccircnit which can be compared to this is shown in 
Fig. 9. The water pump in this hydraulic circuit is the source of 
water pressure, the valve ís the control device, the connecting 
pipes conduct the water and, the revolution of the water wheel rep- 
resents the conversion of hydraulic energy. into mechanical energy. 

The pressure produced by the water vamp in Fig. 9 will cause 
a flow of water through the hydraulic circuit when the valve is 
opened, and in Fig. 8, the pressure of thebattery will cause a flow 
of current through the electrical circuit when the switch is closed. 
It should be noted that there is a, distinct similarity between the 
hydraulic and the electric circuit. The switch in the electrical 
circuit may be opened or closed to start or stop the flow of current 
the same as the valve in the -hydraulic circuit may be opened or 
closed to govern the flow of water. 

Electric circuits are constructed in several ways, all of which 

may be classified as: (1) a series circuit, (2) a parallel circuit, 
or (3) a series -parallel circuit. 

A series circuit isproperly defided asa circuit through which 

all of the current leaving the negative pole of the battery must 

pass in order to return to the positivé pole of the battery.. In a 
series circuit, there is only one path which the current can poss- 
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ibly take when passing from negative to positive. The diagram as 
shown in Fig. 8would represent a true series circuit because all of the current that leaves the battery must pass through the switch 
(when -it is .closed) .and the bell in order to ,return to the positive 

i, 
. . 

i 

I' 

I 

+ - I 

1, 

Source of 
Pressure 

Control' 
Device a .. 

Fig. 8 

'or pm,' of rneigy 

Fig.8 In this electrical circuit,.the battery is producing the voltage, the wires are carrying the current, the switch is to control the electrical energy, and the bell is the device for convert ing the electrical energy into mechanical energy. 

F1g:9' This hydraulic circuit corresponds to the electrical circuit in that the pup is 
producing the water pressure, the pipes are carrying. the water, thevalve is con- trolling the water flow, and.the water wheel is set, in motion as the water energy la converted into mechanical energy. 

pole of the battery.. Another- illustration of, a true series -circuit is shown in Fig. 10. In this diagram, all of the current which leaves the negative pole of the generator must pass through each of the incandescent lamps in order to return,, to the positive terminal of the generator. An expression commonly 'used is that the "incan- descent lamps are connected in series with each other." This mean's 

Generator , , ; 

Incandescent Lads 

Fig.10 The incandescent lanes -are connected in serlesecross the generator. ,This is a true series Circuit.. 
that they are connected so that the current which passes through one must also pass through the others in the circuit. If you were told to connect another lamp in series, it would be necessary to break the circuit at some point, then insert the lamp, connecting it in a manner similar to the others shown in Fig. 10. 

In a parallel circuit, the current may have two or sore -paths 
which it may take when flawing from the negative terminal of the 
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voltage source back to the positive terminal of the voltage source. 
Any number of paths may be provided for the current in a parallel 
circuit. In any parallel circuit, all of the current that leaves 
the negative pole of a battery does not have to pass through each 
individual part of the circuit to return to the positive pole of 

Battery 

Fig.11 The two electric bells are connected in parallel across the battery. 

the battery. Two bells connected in parallel are shown in Fig. 11. 
Only two branches are provided in this parallel circuit; however, 
any number of bells could be connected in parallel. All of them 
would ring when the push button switch was closed. 

Another example of a parallel circuit using incandescent lamps 
is shown in Fig. 12. Parallel circuits are used for all house wir- 

Incandescent Lapps 

Fig.12 The five incandescent lamps are connected in parallel across the gene-ator. This 
is a true parallel circuit. 

ing, which means that each of the 110 volt lamps and other electric- 
al devices are connected in parallel across the supply line coming 
into your home. (Other voltages than 110 are sometimes used.) 

Fig.13 The three resistors, R1, R2, 
and 53, are connected across 
the battery E to form a true 
series circuit. 

Fig. 15 The three resistors, Si. 52, 
and 53, are connected across 
the battery E to form a true 
parallel circuit. 

Now let us use the electrical symbols previously Darned to 

illustrate series and parallel circuits. In Fig. 13, resistances 
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Gaoaa ótttow Oaac (1787-1864) 

Gunman physicist and discoverer of the famous law In physics 
which bears his name. He was bon and educated at &Iaagea. 
It was In 1828, while he was leaching mathematics at a qk 
nadam In Cologne, that he.publlshed his famous paper on the 
.experimental proof of his law. At the time of his death he was 
professór of experimental physics la the university at Munich. 
The ohm,'the practical cult of reeletaoos, is named in his honor 

R,, R, and R, are connected in ser- ; h 

ies across the voltage E.' All of 
the current which leaves the neg- 
ative pole of'the battery E must 
pass through R,, R, and R, in or- 
der to return to thepositive pole 
of the battery; hence this is a 
true series circuit. fn Fig. 14, 
.the resistors R,, RI and Ra are 
connected in pairallel across the 
supply voltage E, thus 'forming a 
true parallel circuit. 'The cur- 
rent which leaves the negative pole 
of the battery E will divide, a 
portion of it passing through R,, a portion passing through RI and 
a portion passing. through RI. Then these three portions will unite 
and the total current will return back to the positive terminal of 
the battery: 

J 
OHM'S LAW. There is a very definite and important law gov- 

erning the relationship between the voltage, current and resistance 
in an electrical circuit known as Ohm's Law. This lewis extremely 
simple, but the simplicity' of it does not in any' way detract from 
its importance. Ohm's Law is the basic foundation of all electric- 
al circuits and it is essential that every student of Electricity, 
Radio or Television become very familiar with it. It is essential 
that the student study the three equations of Ohm's Law as shown 
in Fig. 15 until it is thoroughly learned in each of its three' foris. I 

It is easy to make mistakes when applying Ohm's 'Law unless 'cer- 
tain precautions. are observed. First, in all calculations, it is 
necessary that the voltage be substituted. in the formula in volts, 
the current in amperes and the. resistance in ohms. If the current 
is given in milliamperes (as is very often the case) it must be 
changed to amperes before using any one of the three Ohm's Law e- 
quations. Sometimes the resistance may be expressed in megohms, or 
the voltage in millivolts; in each case, the megohms or millivolts 

4 must be changed to ohms and volts. 
Ohm's Law may be applied to an entire electrical circuit, or 

it may be applied to any portion or part of an electrical circuit. 
If it is applied to án entire circuit, then the current (in amp- 
eres) flowing through the entire circuit will equal the electrical 
pressure (in volts) applied to the circuit, divided by the resist- 
ance (in ohms) of the entire circuit (I = E + R). If Ohm's Law is 

t 

12 = 

I 

_i 
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Ohm's Law 
CURRENT = ELECTROMOTIVE FORCE 

RESISTANCE 

E 
I = R 

AMPERES = VOLTS 
OHMS 

RESISTANCE = ELECTROMOTIVE FORCE 
CURRENT 

E OHMS = VOLTS R - 
1 

AMPERES 

ELECTROMOTIVE FORCE = CURRENT x RESISTANCE 

E= IX R VOLTS = AMPERES x OHMS 

Fig. 15 

applied to a portion or part of a circuit, then the current through 
that part of the circuit will equal the voltage across that same 
part of the circuit divided by the resistance of that same part 
(I = E _ R). These statements should he learned very carefully 
because we have found that nearly all of the errors in applying 
Ohm's Law result from considering the voltage across one part of 
a circuit and the resistance or current of a different part, or vice 
versa. 

As the first example, we shall apply Ohm's Law to the circuit 
shown in Fig. lb. In this circuit the electrical pressure is 24 
vol ts, the resistance of the circuit is 4 ohms and the current flow- 
ing through the circuit is b amperes. These facts are proved by 
using the three equations of Ohm's Law shown directly below the 
figure. In this example, all three of the values were known for 
the circuit and Ohm's Law was used merely to prove the relationship 
existing between them. 
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Fig.16 Circuit illustratina 
the use of Ohm's Law. 

24V 

In Fig. 17, only two of the T 
values are known. By using the prop- 
er equation of Ohm's Law, the un- 
known value may be found. The volt- 
age is given as 100 volts and the 

resistance of the circuit is 10,000 E = 1 x g. 6 Amps x 441 

ohms. The "unknown" in the circuit 1 = E 
_ 

I? = 24 v. - 441 = 6 Amps 

is the amount of current flowing. R = E 
_ 

1 = 24 V. _ 6 Amps = 4 w 

By inspection, it can he seen that 
the proper equation to use is I = E _ R. Since the voltage is 100 

volts and the resistance is 10,000 ohms, then: 

I = 100 _ 10,000 = .01 ampere 

When the current is less than 1 ampere, it is generally expressed 
in milliamperes. To change .01 ampere into milliamperes, we must 
multiply by 1,000. It will then equal 10 milliamperes. Therefore, 

the milliammeter in Fig. 17 should be reading 10 milliamperes. 
Next, assume that the resistance of the circuit and the current 

flowing through the circuit are known, then proceed to calculate the 
electrical pressure in volts applied to the circuit. In Fig. 18, 

64 

30 Ma. 

111 

100V. 

Fig. 17 

10,00041 

VVVV 

F = ? 

Fig. 18 

5000t) 

tl e current is given as 30 ma. Before using this value of current 
in Ohm's Law, it will be necessary to convert it into amperes. To 
convert milliamperes to amperes, we must divide by 1,000. 30 ma. 
divided by 1,000 equals .03 ampere. Next, select the proper form 
of Ohm's Law to use for this calculation. By inspection, we find 
that the correct form is E = I x k. Substituting the known values 
in this equation, we have: 

E = 500 x .03 = 15 volts 

= 24 

Circuits illustrating the appli- 
cation of Ohm's Law to electric- 
al circuits in which one value 
i 5 unknown. 

V. 
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In the next example, we will consider that the resistance of 
the circuit is unknown and that the. voltage and current are given. 
In Fig. 19, the voltage applied is 75 volts and the current flowing 
through the circuit is 50 milliamperes. Again we must change the 
50 milliamperes into amperes by dividing 50 by 1,000. This gives 
.05 ampere. Next, selecting the proper form of Ohm's Law, which is 
N = E - I, and substituting. in this equation, we have. 75 _ .05, or 
1,500 ohms. 

With these three examples, we have used Ohm's Law in its three 
forms for finding an unknown value in an electrical. circuit. 

.1s a more practical example of Ohm's Law, let as calculate the 
resistance iii Fig. 20. Ry measurement with a voltmeter, we find 

R = ? 

Fig.20 The voltage applied to he iron and the current flowing thrcugh the iron can be 
measured with meters, then the resistance of the iron el anent calculated. 

the voltage output of the generator to be 110 volts, andly placing 
the ammeter in series with the line, we find the current flowing 
through the electric iron to be 5 amperes. What is the resistance 
of the heating element in the iron? The proper form of Ohm's Law 
to use is k = E - I. Substituting in this equation, we have: 

R = 110 = 5 = 22 ohms 

6. RESISTORS IN SERIES. If two or more resistors are placed 
in series with each other (as shown in Fig. 21), the resistance of 
each will add to the resistance of the others and the total resist- 
ance of the combination will be equal to the sum of the individual 
resistances. In Fig. 21, resistor Ais 300 ohms, resistor R is 200 
ohms and resistor C is 500 ohms. The total resistance from the left 
side of resistor A to the right side of resistor C will be 300 + 200 
+ 500 = 1,000 ohms. This rule is expressed as a formula in the fol- 
lowing manner: 

Rt = Rt + R2 * R3...etc. (1) 

Where: lit is the total resistance. 
R2, R3... etc., are the 

individual resistors. 
300 h) 1 200 W 50010 

B c 

Total R. 300 + 200 + 500 = 1,000:0 

Fig.21 The three resistors A, B. and C are connected in series; hence, their resistances 
add. The total resi stance is 1,000 owns. 

The Greek letter 'le) " will be used throughout the entire cour to symbolize 
"ohms'. The capital of this sign Il" may be used in other writings to represent ohms. 
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Regardless of how many resistors are connected in series, the 
total resistance will always be equal to the sum of all the indi- 
vidual resistors. +f\_ 

soo w 

100v. 
Battery 

Fig.22 Series Circuit in which 
the current flowing 
through each resistor 
and the voltage drop 
across each resistor are 
unknown. 

R; 

Now let us apply what - have learned about Ohm's Law and ser- 
ies resistors to the circuit shown in Fig. 22. By inspecting Fig. 
22, it can be seen that all of the current which leaves the negative 
pole of the 100 volt battery must pass through resistors R1, R2, and 
R3 and the millianmeter i^ order to return to the positive pole of 
the battery. hence, thil- is a true series circuit and the resistors 
Rt, R2 and R3 are in series with each other. Since these three re- 
sistors are in series, the total resistance of the circuit will be 
1,000 ohms (3110w + 200w + 500w = 1,000w). The voltage across the 
entire circuit is 100 volts, so to find the current flowing through 
the circuit, Ohm's Law is applied: 

Substituting: I = E _ R 

I = 100 _ 1,000 = .1 ampere 

If it is desired to express the current in milliamperes instead 
of amperes, multiply the .1 ampere by 1,000 and it will be 100 ma. 
It should be clear that the total current of 100 milliamperes must 
pass through all three resistors, K1, R2 and R3 in completing the 
circuit. 

At the beginning of the discussion on Ohm's Law, it was stated 
that Ohm's Law could be applied to any part or portion of a circuit 
the same as it could be applied to an entire circuit. As an example, 
suppose we apply Ohm's Law to resistor Rt alone. We know that the 
value of resistor R1 is 300 ohms and that the current flowing through 
the resistor is 100 ma. (.1 ampere). The unknown value is the volt- 
age across resistor R1, since we have both the resistance and current 
given. Using the form of Ohm's Law, E = I x R, we find: 

E = 300 x .1 = 30 volts 

16 
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This 3O volts calculated across resistor R1 -is commonly known 
as a "voltage drop". The expression "voltage drop" will be used 
frequentlythroughoiit the remainder.of this lesson. and in lessons 

' 

Fig.23 A hydraulic circuit illustrlting the definitionofa 'pressure drop'. The gauges 
indicate a pressure dropes the water passes through the main line pipe. 

- 
A.AAA c_ "o 

-_ 

me '100v 

_119.25 An electrical circuit similpr to the hydraulic circuit above. A 'voltage drop 
occurs as the current passes through the resistors., The total of the voltage 
drops across the resistors equals the applied voltage. '- 

to follow; therefore, it..is necessary for the student to understand 
this expression clearly. The hydraulic system shown in Fig. 23 il- 
lustrates what is meant by "pressure drop" in a piping system. The 
total pressure produced by the pump is 100 lbs. as read on pressure 
gauge Pi: (For explanation, neglect the pressure drop from thepúwp 
to gauge P1.) As 'the water flows from the position of gauge P1 to 
the position of gauge P!, there is apressure decrease of 20 lbs._, 
due to the opposition offered by the wain line pipe, The level of 
the water in standpipe K illustrates this drop in pressure. As the 
water continues 'to pass through the wain line 'to 'gauge P3, an addi= 
tional pressure drop of 20 lbs. occurs; _hence, gauge P; reads bA 
lbs. and the level of the water in standpipe C is lower than the' 
level in either A or R. A 20 lb. drop occurs from P3 to P4 and from 
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P. to P5. The remaining 20 lb. drop occurs froia Pg to P. This 
results in no pressure being available to raise water in the stand- 
pipe F. From gauge Pe, the water passes into the drain pipe and 
back to the pump by gravity. This illustration should be studied 
until the expression "pressure drop is clearly understood. 

Keeping in mind that voltage is defined as "electrical pressure", 
let ys see how an electrical circuit is similar to the hydraulic cir- 
cuit. The electrical circuit shown in Fig. 24 is supplied with a 
pressure of 100 volts from the battery and consists of the five re- 
sistors AB, BC, CD, DE, and El' in series. We shall assume, for the 
sake of explanation, that the connecting wires have no resistance 
and that all of the opposition in the circuit is contained in the 
five resistors. The voltmeters in Fig. 24 are used foY the same 
purpose as the pressure gauges in Fig. 23. (In reality, a voltmeter 
is nothing more than an"electrical pressure gauge.") The voltmeter 
V1 indicates the electrical pressure of the battery; that is, 100 

. volts. As the current flows through resistor AB, a decrease in pres- 
sure occurs because of the opposition encountered; hence, only 80 
volts pressure is available at point B as indicated on voltmeter V2. 
.There has' been a "voltage drop" across resistor AB as the current 
passes through it the same as there was a pressure drop through the 
main line pipe in Fig. 23 between gauges P1 and P2. As the current 
passes through resistor BC in Fig. 24, another "voltage drop" oc- 
curs, resulting in only 60 volts pressure being available at point 
C. A 20 volt drop takes place through DE and also through FF. Since 
point F is really the positive terminal of the battery (neglecting 
the 'resistance of the connecting wire), it is logical that meter Ve 
should be reading zero electrical pressure because both sides ofthe 
voltmeter are connected to the same place. 

The expression "voltage drop" is used in electrical circuits 
in the same manner as "pressure drop" is used in a hydraulic cir- 
cuit. A "voltage drop" will always occur when current passes through 
a resistance. This drop may be measured by connecting a voltmeter 
across the resistance. The expressions "potential' difference", 
"drop of potential", "loss of potential", "voltage loss", and "dif- 
ference in potential" are all used in a manner very similar to "volt- 
age drop"; however, at times, the exact meaning to be conveyed is 
slightly different. These differences will be pointed out when 
necessary.. 

Resuming the calculations on Fig. 22, the voltage drop across 
resistance 112 can be found by applying Ohm's Law to that part of the 
circuit. It is known that the current through resistance R2 is .1 
ampere and that the size of resistance R2 is 200 ohms. Applying 
Ohl' h Law in the form E = I x R, we have .1 ampere x 200 ohms, e- 
quals 20 volts. The voltage drop across resistance R2, then, is 20 
volts, and the voltmeter V2, if connected as shown, should be read- 
ing 20 volts. 

The last resistor through which the current must flow is re- 
sistance R,. To calculate the voltage drop across resistor R,, E 
= .1 ampere x 500 ohms = 50 volts. The voltmeter V, should he read= 

' The word 'potential' is used frequently throughout electrical language instead 
of the word 'voltage'. The definition for 'potential is the same as the definition for 
'voltage'; hence, both words mean the same. 
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ing 50 volts. Now, adding the voltage drops across the three re- 
sistors, we have 30 volts across 121, pins 20 volts across !:2, plus 
50 volts across k, equals 100 volts, the total voltage drop across 
the three resistors. It should be noted that the entire pressure 
across the battery has been used to force the .1 ampere through the 
resistors R1, R2 and R3. It is true that a very smal' fraction of 
the 100 volts total pressure is required to force the current through 
the connecting wires and the manometer, but since the resistance 
of these parts of the circuit is so extremely low, it is neglected 
in most practical problems. 

In this example, we have proved a very important law of elec- 
trical circuits, which states: The total vcltaÉe drop across a cir- 
cuit external to a source of uoltate is always equal to the voltage 
of the supply source. Nben we speak of an "external circuit", we 

mean all of the electrical parts, connecting wires, meters, etc., 
which are connected between the positive and negative terminals of 
a source of voltage. The student should bear in mind that the ex- 
pression "voltage drop" means the decrease or loss of electrical 
pressure which results when current passes through a resistance. 
The voltage drop across a resistance can always be measured by con- 
necting a voltmeter in parallel with it. 

Before leaving the simple series circuit, we shall work another 
example. The circuit to he used is shows, in Fig. 25. In this cir- 

Fig.25 A true series Circuit in 
which the Current flowing 
through each resistor and 
the voltage drop across each 
resistor are unknown. 

(III 

10 W 

5v. 

SW 3W 

2W 

cuit, the resistors A, B, C, and D are all connected in series, so 
the total resistance of the external circuit (neglecting theresist- 
ance of the connecting wires and meter) is found by adding the sep- 
arate resistances together. We find this to be: 

Rt=10, 5+3+2=20 ohms 

Then, using the form of Ohm's Law, I = E _ R, and substituting: 
I=5=20= .25 ampere 

We find the current flowing through the series circuit to be .25 
+ ampere or 250 milliamperes. This 250 ma. of current will leave the 

battery at the negative pole, pass through all four resistors, A, 
B, C, and D (and the milli;immeter), then return to thepositive pole 
of the battery. In order to calculate the voltage drop across re- 
sistors A, B, C, and D, it is necessary to take the current of 250 
milliamperes through each resistance separately, such as: 

19 



7-" Te; á... 

hi 

'(A) 
' ily` kh -K 

- 1 r . 

30Y. 

. 1. 

el 'ri,'f 7. . 

Fltage -drop across -A 
: 

..' ' 
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' - - t" C = .25 n. . 3x w = .75 "' ' 

. - on 1,-_ .:m e D = .25 n x 2ki = . 5 n ti 

n- it . n entire circuit = .25 . n t . x 20w = 5.00 - =" ' . 

The total of voltage drops across resistors A, B, C, and D should 

equal the applied voltage of 5 volts. Adding thevoltages, we find 

that the total is 5, volts, So our calculations are correct. - 

7. RESISTORS II PARALLEL.- The Application' of Ohm's Law to 

parallel circuits way see. a little difficult; however, ifthe sub - 
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,Fig.26 Analogy of e parallel circuit. At A, theopposition to water flow Is infinitely 
- high because there is no pipe." At B one pipe is provided: At C, there are two 

pipes, so twice as much water will flow per second esat B. At Q another pipe 
has been added; hence, the opposition to water flow is less then in either B 

- or C. The more pipes, the less the opposition to water flow. Likewise, in the 

tMr riding elect is tcio curr t theflo more resistances connected in parallel, 

i 
z 
3 

ject is pursued in the proper wanner, parallel circuits can be un-. 

derstood just as easily as series circuits. The important requisite 

is to obtain a good fundamental understandinc of parallel circuits, -. 

then the problems dealing with these circuits become simple. An 

analogy between water and an electrical circuit has been found to -- 

be helpful in securing a basic understanding. We will begin'at A, 

Pig. 26, with this apology.' Suppose a tank of water has been placed - 
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in an elevated. position, such as at the top of a hill, above another 
tank, located at the bottom of the hill. As long as there is no 

connecting pipe between the tank at the top of the hill and the tank 
at the bottom of the hill, then naturally, no water can.flow from 

the upper tank to the lower and the lower tank will not be filled. 

As a reason for the water not flowing from the upper tank to the 

lower tank, we might say that the opposition or resistance to the 
flow of water is infinitely high because there is no conducting pipe. 
Likewise, in the electrical circuit shown at A, Fig. 26, there will 

be no current flow from thene tive to the positive tersinal of the 
battery, because the circuit is incomplete; that is, no conducting 

path is provided. We can also sake the statement that the opposi- 

tion or resistance to the flow of current from the negative to the 

positive terminal of the battery is infinitely high, thesass as 
the opposition to the passage of water from the upper tank to the 

lower tank is infinitely high. 
At B, Fig. 26, one connecting pipe is shown fros the upper to 

the lower tank of water.. Let is assume that the water pressure in 

the upper tank and the size of the connecting pipe is such that 10 

gallons of water will flow into the tank at the bottom of the hill 

each second. The rate of water flow then would be 10 gallons per 

second. The electrical circuit. shown at B, Fig. 26, has been com- 

pleted with a 10 ohm resistance,thus allowing current to flow from 

the negative terminal of the battery through the resistance to the 

positive terminal. By using Ohm's Law, we find that the current 

which flows through a 10ohs resistance under a pressure of 30 volts 

is 3 amperes. 
At C, Fig. 26, we have added an additional pipe connecting the 

upper tank to the lower one and assuming that the water pressure in 

the upper tank remains the same and the size of the second pipe is 

the same as the first, there will be 10 gallons per second passing 

through the second pipe also. Since we have 10 gallons per second 

through the first pipe and 10 gallons per second through the second 

pipe, the total rate of water flow fros the upper tank to the lower 

tank will be 20 gallons per second. Notice that adding the second 

pipe has doubled the rate of water flow; hence, the opposition to 

the water flow has been cut in half. Now the electrical circuit 

shown at C is very similar to the water circuit. An additional 10 

ohm resistance has been added between the negative and positive 

terminals of the battery. The same voltage is applied across the 

second 10 ohs resistance as across the first 10 ohs resistance; that 

is, 30 volts. With 30 volts applied across each of the two 10 ohs 

resistors, there will be a current flow of 3 amperes through each, 

or a total current flow from the. negative terminal of the battery 

to the positive. terminal of the battery of 6 amperes. Since more 

current is flowing through the circuit with the same applied volt- 

age, it is quite evident (can be proved by Ohm's Law) that the re- 

sistance to the flow of current from one terminal of the battery 

to the other has been decreased. 
Looking at this from another angle, we sight say that the con- 

ductance of the electrical circuit at B is lb of a mho (resistance 
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is 10 ohms) and the conductance of the electrical circuit shown at 
C is $ of a mho. The conductance of the circuit shown at C is found 
by adding the conductances of the two 10 ohm res-; '.antes; that is, 
j mho + lid mho = ?a mho. Since Tis of a mho is larger than ;d of a 
mho, it follows that the conductance of the circuit as shown at C 
is greater, which means that its resistance has decreased. 

To carry this analogy one step farther, at D, Fig. 26, a third 
similar pipe has been added between the upper and lower tanks. As- 
suming the water press 'e and pipe size to be the same, the third 
pipe will also carry 1 gallons of water per second, making a total 
of 30 gallons per sec from the upper to the lower tank. The ad- 
dition of the third pipe has increased the conductance to the flow 
of water from the upper tank to the lower one, or stated in other 
words, the addition of the third pipe has decreased the opposition 
to water flow from the top tank to the bottom one. The electrical 
circuit shown at D has been altered the same as the water circuit; 
that is, an additional 10 ohm resistance has been added. Since there 
are 30 volts applied across each of the three 10 ohm resistors, ac- 
cording to Ohm's Law, 3 amperes of current will be passing through 
each resistance; hence, the total current flow from the negative to 
the positive terminal of the battery is now 9 amperes. The reason 
for this increased current flow is that the resistance to the pass- 
age of current from one terminal of the battery to the other has 
been decreased because of the additional conducting path (10 ohm 
resistor). An increase in conductance or a decrease in resistance 
will always result in more current flowing through a circuit if the 
applied voltage remains the same. 

After studying the foregoing examples very carefully, it should 
be quite evident that the more conducting paths provided between 
the two poles of a battery, the more current will flow from the bat- 
tery. (As conductance increases, resistance decreases.) Remember 
that in a parallel circuit, the total current is not required to 
pass through each part of the circuit, but rather will divide, a 
portion of the total current passing through each of the branches 
provided. 

The difficulty usually encountered when working with parallel 
circuits is understanding why the effective or equivalent resist- 
ance of the circuit decreases as additional resistance is added to 
the external circuit. This need not be confusing because the addi- 
tion of a resistor in parallel is really providing another conduct- 
ing path for the current, thereby increasing the total conductance 
and decreasing the total resistance' of the circuit. The addition 
of a resistor to a parallel circuit has exactly the opposite effect 
as does the addition of a resistor to a series circuit. When placed 
in series, the total resistance of the circuit will be increased, 
whereas when placed in parallel, the total resistance of the cir- 
cuit will be decreased. ' 

The total resistance of a parallel circuit is often called the 'effective re- sistance'. This expression means 'the actual resistance in ohms resulting from the ef- fect of the parallel conducting paths'. The expression 'equivalent resistance' is also used for the same purpose. 
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\ Now refer to Fig. 27. Here resistors A and B ire connected, in 
parallel across the battery, which has a pressure 'of 100 volts. 
First, apply Ohm's Lea to the individual parts of the circuit. There 
is a pressure of 100 volts applied across both resistors A and B. 

' With 100 volts across resistance A, and since resistance A is 200 
ohms, we find by Ohm's Lew: 

I=.E+R 
Í 100.+ 200 =- .5 ampere 

úy,27 ^Parallel electrical CIrcu¡t. The 
current flowing through each resist. 
ance and the total resistance of the 
circuit are unknown. 

la 
~1. ID- 

100V. 

la 
ID' 

: 1 

200W 

Since we also have 100 volts applied across resistance B, and 
since resistance B is also 200 ohms, then we find there will be .5 
ampere passing through resistance B. From these calculations, we 

know that MAs will be reading 500 milliamperes and that MAs will 
be reading 500 aa. The current passing through these twe resistors 
must come from the negative terminal of the 100 volt battery. Since 
the total current will be passing through MA,, there will be 500 
500 or 1,000 ma. passing through MA,. (1,000 as. equals ampere.) - 
Likewise, after the current has passed ,through 'resistance A, it will 
unite with the current through resistance B; then the total current 
(1 ampere) will return to the positive' terminal of the battery 
through MA4. Consequently, MAs will be reading the total current 
of 1 ampere. If we have a total of 1 ampere flowing from the neg- 
ative terminal and returning to the positive. terminal, and if the 
pressure of the battery is 100 volts, then applying Ohms Law to the 
entire circuit, we can find the' equivalent. or effective resistance 
of the entire circuit. This, is found by: ' 

E+I *ti 
R = 100 + 1 = 100 ohms 

Thus,, when two 200 ohm. resistors are connected in parallel, the a-_ 
gnivalest'or effective. resistance of the combination is equal to 
100 ohms. 

' We can also calculate this equivalent resistance for the par- 
allel circuit in a different manner. Quite often the applied volt- 
age will not be given, in which case it will not be possible to find 
the effective resistance of. the circuit as was done in Fig. 27. 

'.We know that the total conductance in a parallel circuit is 
equal to the sun of the separate conductances in each path. In other 
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words: 

= 1 + 1 + l...etc. 
Rt R1 R2 R3 

Where: 
k 

is the total conductance in the circuit. 
Kt 

Or: 

Rt is the total or effective resistance of the 
circuit. 

And: 

(2) 

RI, R2 and R3 are the individual resistances. 

Substituting the values of resistors A and B in Fig. 27 for RI 

and R2 in formula (2), we have: 

Rt 200 200' 
or 

Rt 200' 
or Rt = 100w 

This same method of solution is made easier by use of the form- 
ula: 

_ 1 

Rt 
1 + 1 + 1 ..etc. 
RI R2 R3 

(3) 

This equation is generally known as the"inverse formula". The 
reason for the word "inverse" is because of a certain operation which 
is performed in solving a problem of this kind. Understand, that 
this "inverse formula" is exactly the same as formula (2) except 
that it is given in a slightly different form to simplify the solu- 
tion of such problems. 

Fig.28 Find the effective resistance of the 
R3 combination by the use of formula 
8w (3). 

Let us work a problem such as that shown in Fig. 28 using form- 
ula (3). Resistor R% is given as 12 ohms; R2, 4 ohms; and R3, 8 

ohms. Substituting these values for R1, R2 and R3 in formula (3), 

we have: 

1 - 1 
Reff- 11 

1 
12 4 8 24 24 

Where: Reff is the effective resistance of the 
parallel resistors. 

We now have a problem in the simple division of fractions where - 
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in we must invert the denominator, then multiply. (Tie inversion of 
the denominator at this time is the reason for calling this the in- 
verse formula.) Continuing the solution, we have: 

Reff 
= 1 x 1 

1 11 

= 24 = approximately 2.18 ohms 
1 

Notice particularly that the effective resistance of the par- 
allel combination is less than the value of the smallest resistor 
in the parallel group. It will be found that this is always true; 
regardless of the size or number of resistors connected in parallel, 
the effective resistance of the combination will always he less than 
the value of the smallest. 

Another method of finding the effective resistance of a par- 
allel combination when each branch has the same resistance can he 

stated as follows: If all branches of a parallel circuit are equal, 
the effective resistance of the combination will be the value of 
one resistor divided by the number of resistors in the group. 

Expressed in a. formula, this rule is: 

Reff Rn 

Where: Reff is the effective resistance of the group. 
1<1 is the value of one resistor in the group. 
Rn is the number of resistors in the group. 

Applying this rule to the resistors shown in Fig. 29, divide 
16 (the value of one resistor) by 4 (the number of resistors in the 

(4) 

Fiy.29 Find the effective resistance of the Rt 
combination by the use of formula 
((a) and formula (3). 16(*) 

Rp 

164/ 

R3 

164/ :6-J 

group), thus obtaining an effective resistance of 4 ohms for the 

parallel combination. This same problem can also he calculated by 

use of the inverse formula (3). The student should work this prob- 
lem using formula (3) to prove that this statement is true. This 

method is a short cut and can always he used when the parallel group 

consists of equal resistors, thus saving considerable time andcal- 
culation. 

Using the formula (4) to calculate the effective resistance of 

Fig.30 Use formula (u) to find 
the effective resi.tance. 

the circuit shown in Fig. 30, divide the value of one resistance 
(300 ohms) by the number of resistors in the group (2), thus obtain- 

ing an effective resistance for the combination of 150 ohms. 
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A third method for calculating the effective resistance of a 
parallel combination which can he applied to circuits where only two 
resistors are connected in parallel is given by the formula: 

Reff = 
hl 

+ 
R2 

(5) 

This formula is used only when two resistors are in parallel; 
it cannot he used for more than two resistors in parallel. 

Fig.31 Find the effective resistance 
by the use of formula (5). 

Using formula (5), let us work out the effective, resistance of 
the parallel combination shown in Fig. 31. R1 is 6 -ohms and R2 is 
12 ohms. Substituting these values for R1 and R2 in the formula 
(5), we have: 

Reff - 6 + 12 = 8 lg 
= 4 ohms 

Fig.32 Use formula (5) to find 
the effective resistance. 

Solving the parallel resistors shown in Fig. 32: 

R,,ff = 27 =122= = 6 ohms 

This method for solving parallel combinations of resistors 
should always he used when two unequal resistors are in parallel. 
Notice that the effective resistance of each combination that has 
been solved is less than the value of the smallest resistor in the 
parallel group. This is always true. Formulas (4) and (5), used 
in solving these problems, can be verified by working the same prob- 
lems with the general inverse formula (3). Of course, the answer 
secured should be the same regardless of the formula used. 

The student should study all of the methods just given for the 
calculation of the effective resistance of parallel circuits when 
the voltage is unknown. Make sure thatyou understand the procedure 
and mathematics involved very thoroughly. Each of these three meth- 
ods have applications to be found in some of the following examples: 

In Fig. 33, a parallel circuit is shown consisting of three 
branches; R1 is 60 ohms, R2 is 12 ohms, and R3 is 5 ohms. First, 
calculating the effective resistance of'the combination by using the 
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Branch 
E 

Volta 
I 

Amperes 

R1 120 2 

Ry 120 10 

Ra 120 24 

it = 3e 
Fip.33 True parallel circuit. Find the ef- 

fective resistance and the current 
through each resistor. 

inverse formula (3), we find the resistance of the combination to 
be 3.33 ohms. Next, find the current which passes through each 
branch of the parallel circuit. Since we know there will be avolt- 
age of 120 volts across each of the three resistors, to calculate 
the current through each branch, it is only necessary to divide the 
voltage (120 volts) by the resistance of each branch. Doing this, 
we find the current through R1 equals 2 amperes, the current through 
R2 equals 10 amperes and the current through R. equals 24 amperes. 
Now adding these three currents together, we obtain a total current 
of 36 amperes, which will be drawn from and returned to the battery. 

If we wish to verify our former calculation of the effective 
resistance of the circuit, we can. now divide the voltage applied to 
the entire circuit by the current flowing through the entire circuit, 
or: 

Reff = 120 + 36 = 3.33 ohms. 

If the method if solution for a parallel circuit is.not entire- 
ly clear you should make up a number of problems similar to that 
in Fig. 33 and attempt to find all of the unknrnm values, following 
the same procedure. You may check your own work by calculating the 
effective resistance of the combination using the inverse formula 
and by calculating the effective resistance, using Ohm's Law for the 
entire circuit. The two resistance values secured should be the 
same. If they are, your method of solution is correct and you have 
obtained the proper answers. 

8. SUMMARY OF SERIES AND PARALLEL CIRCUITS. Ina series cir- 
cuit, the current flowing through the circuit remains the same in 
every part of the circuit and the total voltage applied to the cir- 
cuit divides-or drops-across the various parts of the circuit, ac- 
cording to the value of each. 

The total resistance of resistors connected in series is equal 
to the sum of the individual resistors. 

In a parallel circuit, the voltage applied across every branch 
of the circuit is the same, and the current divides through the 
branches of the circuit according to the value of each. 

The effective or equivalent resistance of a parallel combina- 
tion can be found by: 

1. Use of the inverse formula when three or more resist- 
ors of unequal sizes are in the combination. 

2. If all resistors in the parallel group are the same 
value, divide the value of one resistor by the number 
of resistors in the group. 
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3. Where two resistors of different values are in paral- 
lel, the effective resistance may be found by divid- 
ing the product of the two resistors by the sum of the 
two resistors. 

The sum of the voltage drops across the external circuit must 
always equal the applied voltage. This rule is particularly import- 
ant in series circuits because the calculations in a series circuit 
can be checked by adding the voltages dropped across each resist- 
ance. They should equal the applied voltage. 

In a parallel circuit, the sum of the currents through the in- 
dividual branches must equal the total Current. 

9. CONNECTING BATTERIES IN SERIES AND PARALLEL. When two or 
more batteries are connected in series, the total voltage produced 
across the series combination will be equal to the sum of the volt- 
ages of the individual batteries. In Fig. 34A, the voltage produced 
across the two 4i-volt series batteries will be 9 volts. 

- EVE0 
n. 

It? 

1.:_..111171111.117! Kt Y b (A) 

(B) 

9V. 

Fig.34 when batteries are connected in series as at A. the voltages will add together, 
and when equal batteries are connected in parallel as shown at B, the voltage 
Output of the combination will be the same as one battery alone. The Current 
drain from the parallel batteries will be one-half the current drain from the 
series batteries. 

If the same two batteries are connected in parallel' as shown 
in Fig. 34B, the voltage produced across the combination will only 
be equal to the voltage of one 4k-volt battery. 

The advantage of connecting batteries in series is to secure 
In Fig. 35B, this indicates that the wires are not connected together at this point. 
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s higher voltage than' onebattery can produce. The advantage of- 
oonnecting batteries in parallel is to provide a greater current 
capacity than one battery can produce. 

When batteries are in series, the current flowing through the 
external circuit will be supplied by each'of the series batteries. 
The voltage output ofseries batteries will be.greater, but the max- 
imum current which can be supplied to the external circuit (without 
damage to the battery) will be limited by the battery in the series 
group which has,the smallest current delivering capacity., 

With parallel batteries, the current supplied to the external 
circuit is'divided between the individual batteries. If two equal 
batteries are connected in parallel, half of the current flowing 
through the external circuit will be supplied by one battery and the 
other half of the current by. the other battery.' When three equal 
batteries are in parallel, one -third -of the total current will be 
supplied by each battery, etc. -The voltage olitputof the combina- 
tion will be equal to the voltage of one battery. 

Batteries having unequal voltages may be connected in series, 
but not in parallel. 

10. PROBLEMS. It is suggested that the student work fol- 
lowing group of problemsto mate certain that he clearly understAnds 
the various forms of Ohm's Law and the rules governing series and 
parallel circuits. 

Problem 1: A short circuit is a path for current which has an 
extremely low resistance. A short circuit can be made by placing 
a wire with .001 ohm resistance across a 110 volt limey If the pres- 
sure is maintained at 110 volts, what current would flow through the 
short circuiting wire? Answer: 110,000 amperes. 

(A. current of this value passing through the wire would immedi- 
ately melt it because of the tremendous heat produced.) 

Problem 2: The field coils of a certain motor areto be used 
on a 110 volt line. ,How much resistance must. -they have if the cur- 
rent through them is to be 2.18 amperes? AnsWer: 50.5 ohms. 

Problem 3: The average resistance of the human body is 10,000 
ohms. About .1 ampere through the body is usually fatal. What is 

the lowest'voltage that would ordinarily kill a person? 
Answer: 1,000 volts. 

Fi,p.35 If X is a voltmeter, it will measure 
the voltage output of the generator. 
but if it 'is en,&meter, it will 
quickly burn out. because AMMETERS 
MUST NOT BE CONNECTED IN PARALLEL. 

e 

Problem 4: In Fig.,35k_ a pressure of 110 volts is maintained 
between points A and B by generator G. Au electrical measuring in- 
strument marked I is connected across A and B. If the instrument' 
I is a voltmeter of 150,000 ohms resistance,. how much current will 
flow through it? Answer: .000733 empere. 
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- If the instrument I were a 0-10 millies eter having only .005 
ohm resistanoe, howsuoh current will flow through it? assume that 
the pressure'of 110 volts is maintained across I and B. 

Answer; .22,000 Amperes. 
(Prom -this problem;:it can be seen why an ammeter should not 

be placed across a source of voltage. In this case, 'the minima - 
meter is overloaded 2,200,000 -times). 

Próblem 5:. Find the current passing through each` resistance 
and the voltage drop produced across each resistance in Fig..36'. 
(The answers are given in the; chart on the right side of the figure). 

liii 
lOOY. ' x 

7,000W 

R1 

10,00041 - 

Rp . Re 

1,000 W ,, 4, 000 W 

Fig.36 Series circuit. 

Resistor 
E . 

. Volts 
i- - 

Amperes . 
RI 100 - :01 
Rp 90 .01 
Re 40 ..01 

44 * 10 .01 

Totel R of'Circúit =. 10.4100W 
Total I of Circuit = .01 A. or 10,1(e. 

Problem:61 Find the current through each resistance and the. 
voltage drop across each resistance in the circuit as shown inFig. 
37. (The answers are given in thechart on the right side).- 

- 244. 

Fig.37 ' Parallel Circuit. 

Resistor E 

-Volts 
I 

Amperes 
et 24 .2 
Rp 24 .4 
Re 24 1. 
R4 24 . 1. 

Effective R'of circuit =,.14.1141 
Total'. I thróugh circuit= 1.7 Asps 

11 

Problem 7: A certain 'series -tungsten- re 
eras st 90 volts 

lamp quires 6.2 am- 
p pressure to operate at its rated candlepower. 
What resistance cost be placed in'series with this lamp when it is 
used on the 112 -volt line? 

Mint: The voltage must be dropped from 112 to 90 volts ithths resistor... 
Problem 8:, What voltage will be required to force. a total <<; 

current of 12'esperes through a parallel oombination consisting of 
14 ohms, 15 ohms, and 8 ohms? Answer: 45.6 Volts. 

Mint: The voltage drop across a parallel circuit is equal tothe effective resist- 
ance of the parallel circuit times the total current passing through all the branches. 
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Problem 9: Three lamps of equal resistance are placed in par- 
allel across a 112-volt line and the current taken by the entire 
combination is 2.4 amperes. What is the resistance of each lamp? 

Answer: 140 ohms. 
Problem 10: A certain vacuum tube has 15,000 ohms resistance 

between the filament and plate. If a plate voltage of 300 volts is 
applied, how much plate current will flow? 

Answer: 20 Ma. 
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In the last lesson, I briefly reviewed the operations of'frac- 

tions.for you. While studying this lesson on Ohm's Law, you undoubt- 

edly:have found it necessary to use decimals to work the problems. 

In the event: that you need á review of decimals, I suggest that you 
study -the material on this and the following pages. If you desire 

additional assistance ón arithmetic,, do not hesitate to ask for it 

on your Midland Consultation -Service sheets. 

DECIMAL .FRACTIONS 

1. DEFINITIONS. 

Any.fraction.which has 10 oral maltiple of ten as the denoai- 
nator is called a decimal fraction. Examples are: i%, du, YVA, 

iikita, It is more convenient, in writing the above fractions, to 

nee a notation, peculiar to decimals. This involves the use of a 

period called the decimal point. Rewriting the above fractions in 

decimal notation, we have .3, .07, ..523, .01723! These are read 

three -tenths, seven -hundredths, five hundred twenty-three-thonsandths, 
and one thousand; seven hundred twenty -three -hundred thousandths. 

Each figure to the right of the decimal point occupies a deci- 

mal place. The examples above are, respectively,'nne, two, three, 

and five place decimals. The/ value of a decimal depends upon the 

number of decimal places., For example: - 

.0007 = wise = 7 ten -thousandths. 

.007 = = T thousandths: .- c 

..07 . = vba .= 7 hundredths. 
, 

.7 = ha. = 7 tenths. 

''7. = 7: =7i' 

70. = 70 = 70. 

Rule: To change a decimal to a coon fraction, write the.num- 
ber in the decimal as the numerator; for 'the denoainatar,-vrrite 1 

followed by as many zeros as 'there are decimal places. 

2. MIXED NUMBERS. 

When there are figures written to.the,left as well as to the 

right of the decimal point, the combination is known as a nixed num- 

ber.. Examples are: 12.3, 124.42, 9.0631 The figures written to 

the left of the decimal point is the whole number, while those writ- 

ten to the right is the fractional part. These mixed numbers are 

read twelve and three -tenths, one hundred twenty-four and forty -two - 

hundredths, and nine and sixty -three -thousandths. 

Occasionally we find a zero written to the left of the decimal 

point, such as 0.31 This zero. merely indicates that there is no 

whole, number. The number is read three -tenths, just as if the zero 

were not present. 
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3. NUMERATION OF DECIMALS. 

The following table shows the relation between whole numbers 
and decimals. 

o 

9 8 7 6 5 4 3 2 1 1 2 3 4 5 6 7 8 

In reading a decimal, the numerator is read first as if it were 
a whole number, and then the denominator is stated. Example: .631 
is six hundred thirty -one -thousandths. 

In writing a decimal, the number which indicates the numerat- 
or is written, and the decimal point is then placed so that there 
will be as many decimal places as there are zeros in the denominat- 
or. This is called pointing off the decimal. Example: Express 
twenty -one -ten -thousandths as a decimal. The numerator is 21 and 
the denominator 10,000. We first write 21 and then place the dec- 
imal point so that there will be four decimal places, corresponding 
to the four zeros in 10,000. Thus, .0021 

4. FUNDAMENTAL PRINCIPLES CONCERNING DECIMALS. 

(1) Placing zeros to the right of a decimal or removing zeros 
from the right of a decimal does not change its value. Example: 
.4, .40, and .400 are all equal, since 41 = A115 = 111%. 

(2) Inserting a zero between the decimal point and the first 
figure of the decimal will divide the decimal by 10. Examples: 

.3 _ 10 = .03 

.03 _ 10 = .003 

We may restate this principle as follows: If we move the decimal 
point to the left, we divide the number by 10 for each place that 
we move the point. 

(3) Removing a zero from the left of a decimal multiplies the 
decimal by 10. Examples: 

.0004 x 10 = .004 

.004 x 10 = .04 

Or we may say that moving the decimal point to the right multiplies 
the number by 10 for each place that we move the point. 
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Express the following as decimals:' .. 

1. Ninety -two -hundredths. - e= a = Ina. .92 

2. Three and three -thousandths.. _. Ina. 3.003 

- 3. Fift,- two-iillionths. _ . ,' Ir.; . .000052. - 

, -- 4. Three hundred. ten hundred -thousandths. Ina. .00310 

- -Read the following: 

5. .000371 - Ins. 'Three hundred seventy-one ' 
millionths. 

Ins. Eighty-five and twenty-seven-` - 

... ten-tlousandths. . 

6. 85.0027 

7. ;921 - ' Ina: --Fine hundred -twenty -one -thous- 
, ' s andths. 

8.',41000067 ' Ins. Sixty-seven _ten-iillionths. vt 

5. ADDITION 0P DECIMALS. FY.. jr .-mil 
= 

Example. Add 22.33;--156.007, 410.,and .00004.- 

' -22.33 

oy 

-1, 

156.007 
.11 410. 410. 1." .S,c-- 

Rule Arrange theinumbers one under -another so that'the deo- ,- 

imal points fall in a vertical line directly under sea other. Add _ 

as with whole numbers. and place the decimal point in the sum direct - 

ly nnderthe other decimal points. -- 

I 

-Exercises 

Add the following: _,' - . 

1. 31.2+324.+1.006+`.3712+t . `'Ana. 

.2. .22,+ .3345 +3276. + .00007 :. : : * Ina. 

3. 75. + 2.34 + 6. + .0023 + 121.002. ' Ina. 

° 4. t."+ .2 + .03 + .0056 + 81 . - Ins. 

6. SOBTRACTIOti -0+ DECIMALS.. 

,Example (1). Subtract .073.from .0983 

.0983 minuend 

362:5772 
3t76.55457. 
204.3443 
.e3.2356 

: , 

" 

1:1-tr.-~' .071 subtrahend 

.0253 difference 

Example (2): Subtract.002 from 18 - 

:' 18.000 minuend " . 

r .- 
QQ subtrahend 

17.$$5 difference 
: Write the subtrahend under the minuend so that the deo= 
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imal point of one falls directly under the decimal point of the other. 
Subtract as with whole numbers, placing the decimal point in the 
difference so that it falls directly below the others. Add zeros 
to the right of the minuend if necessary. 

Exercises 

Perform the indicated subtractions. 

1. 82.25 - 17.003 Ans. 65.247 

2. 1. - .0067 Ans. .9933 
3. 12.342 - .6 Ans. 11.742. 

4. 113.4 - .007 Ans. 113.393 

7. MULTIPLICATION OF DECIMALS. 

To multiply decimals, we write the right-hand figure of the 
multiplier' under the right-hand figure of the multiplicand' with- 
out regard to the positions of the decimal points. 

Example (1). Multiply 2.22 by .003 

2.22 multiplicand 
00 multiplier 

.0066 product 

The product will have as many decimal places as the sum of the dec- 
imal places in the multiplicand and themultiplier. In the example, 
the multiplicand has two decimal places and the multiplier three. 
Therefore, the product has 2 + 3 or five decimal places. 

Example (2). Multiply 18.23 by .0756 

18.23 (two decimal places) 
.C756 (four decimal places) 
1C938 
9115 

12761 
1.378188 Ans. (six decimal places) 

Rule: Write the multiplier under the multiplicand without re- 
gard to the position of the decimal points. Multiply as with whole 
numbers, and then point off in the product, beginning from the right, 
as many decimal places as there are in the multiplicand and multi- 
plier combined, adding zeros to the left of the product if necessary. 

Exercises 

Multiply the following: 

1. 37.23 x 1.6 

2. .003 x .0025 

3. 260 x .43 

4. 2.1 x 3.4 

Ans. 59.568 

Ans. .0000075 

Ans. 111..8 

Ans. 7.14 

' In a multiplication problem, themultiplier is that number by which a number is 
multiplied; the multiplicand is that number which is multiplied by the multiplier. 
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8.. DITISION OP DECD(AIS. 

Division of decimals consists óf writing the dividor. to' the 
left of the dividend end then proceeding as with whole numbers. 

Example (1): ,Divide .12558 by .46 .. 

Quotient , 

- Divisor .46) .IW8 Dividend -'.1. ;.r_ r 

c.4 . , 339 

The ñusber of decimal places in the quotient is equal to the nuaber 
of places in the dividend minus the number of 'places in the divisor. 
In the example, the dividend has decimal places and the' divisor 2. 
Therefore, the quotient has 5 - 2 or 3 degiaal places. 

Example (2). Divide .0025 óy`1.25 

002 (3 decimal places) ' 
(2 decimal places) 1.25f.W0250 (5 decimal places) 

_1511 
in this eicemple, it was:necessary to add a zero-tá the right ,of the 
dividend; this, however, does not change its value. (Principle 2. ) 

Usually division does not come out even; that is, there is a 
remainder. It is common practice to add zeros to the right of the 
dividend and continue the division until there are two or three deo- 
imal places in the quotient. Then a plus sign (+) say be added to 
the right of the quotient to indicate that the division may be car- 
ried further. 

Example .(3).,.',Divide.167 by.:32 - , . i , . . n 

21 (2 places) : i 

3 
'(2 places) ..32 _(4 , places)15D , y' _ 

7 

60' 

i - ,' .-d 0 

i 

Rule: Write the divisor to the left"óf'the dividend'and pro- 
ceed with the division as with whole numbers. The nuaber of deci- 
nal places in the ,quotient is equal to the number of decimal places 
in the dividend minus the number of decimal places' in the divisor. 
If the division is not exact, add zeros to the right of the dividend 
and continue the division until the quotient contains two or three 
decimal places. Before dividing, it any be necessary to annex zeros 
to the right of the dividend so that the nuáber of decimal places 
in the dividend will be equal or greater than the number of places 
in the divisor, or so that thi dividend will be large enough to con- 
tain- the divisor. 
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Exercises 

Perform the following divisions: 

1. .000768.+ .024 Ans. .032 

2. 309.6 - 4.3 Ans. 72. 

3. .002 = 25 Ans. .00008 

4. 67. _ .018 Ans. 3722.22+ 

9. REDUCTION OF COMMON FRACTIONS TO DECIMALS. 

Often it is convenient to change common fractions into decimals. 
This is done by dividing the numerator by the denominator. Usually 
this division does not come out even, in which case we carry out the 
division until the quotient contains two or three decimal places. 

Example (1). Change *- to a decimal. 

.166+ Ans. 

6)7.7W 

Example (2). Change } to a decimal. 

25 Añs. 

4 

Suppose we encounter a problem such as: 

1.2 2.3 5.4 

It is, of course, possible to find the L.C.D. of these fractions, 
change them to fractions having this common denominator and then add, 
finally reducing the answer to a decimal fraction. It is usually 
much easier, however, to reduce each of these fractions to a deci- 
mal fraction by dividing the numerators by the respective denomin- 
ators and then adding, as with ordinary decimal fractions. For ex- 
ample: 

1.21 
+ 

2.3 
+ 4 = .833 + .869 + .185 =.1.8ó7 Ans. 

Likewise, a problem, such as: 

1 
L. 

+ . 

1 

7 + 3 2.1 

is best solved by reducing each of the fractions to a decimal, add- 
ing these decimals together and then dividing 1 by this sum. For 
example: 

1 1 

L + li + 
A. 

.476 + 1.428 +1 - .447 Ans. 
z .333 2.237 

Rule: Divide the numerator by the denominator and continue the 
process until the quotient contains two or three decimal places, if 
the division is not exact. 

Exercises 

Change the following common fractions into decimals: 

1. ? Ans. .538 3. f Ans. .75 

2. * Ans. .375 4. * Ans. .833 
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Notes 
(These extra pates are provided for your use in taking spec tai notes) 
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BENJAMIN FRANKLIN 
THE FIRST GREAT AMERICAN. 

Benjamin Franklin was born in Boston in the year 1706. 
His father, a soap and candle maker, apparently was not a be- 
liever in education, for when Ben was ten years of age, he 
insisted that he give up his reading and studies and select a 
trade. Although he visited the shops of the various trades- 
men, he could find nothing that appealed to him, so became 
his father's apprentice, and toiled at the hateful task of 
candle and soap making. Finally he decided that he would 
like to become a printer and was 'bound over' to his oldest 
brother James for nine years. 

Although James may have been an able printer, he had an 
evil temper and made life miserable for poor Ben. Asa result, 
Ben slipped away to New York and finally, after enduring great 
hardships, he reached Philadelphia. Here he worked hard, 
studied and often went without food so that he might add to 
his education and save a little money. 

When he reached the age of twenty, he was the owner and 
publisher of a successful paper, the 'Pennsylvania Gazette', 
and later published 'Poor Richard's Almanac', a book that en- 
joyed great popularity over a period of twenty-five years. 
Other noteworthy accomplishments were the founding of the 
first public library, a police movement that was the forerun- 
ner of our present police system, asociety that now stands as 
the University of Pennsylvania, and the first public hospital 
in the United States. 

His ever -active mind continued to work overtime and fin- 
ally turned to the field of science. He was positive that the 
phenomena of lightning and thunder was caused, by the presence 
of electrical currents in the air.- Men of standing and much 
knowledge laughed at him; but he refused to be discouraged. 
Then that epochal day arrived when Benjamin Franklin actually 
drew electricity from the clouds with the aid of a silk kite, 
a hemp string, and a door key, and it became his turn to laugh. 
His name was now placed along with those of other great sci- 
entists something that pleased him immensely. In his 
later life, he served his country well and faithfully and be- 
came a great historical figure whom Americans and people the 
world over revere and respect. 

How the 'wise men' who laughed at Ben would have laughed 
at you had you lived in that day and been able to tell them 
about the many uses to which electricity would be put in the 
future. Even today, well-meaning people laugh at their fellow 
men who, like Ben, have faith in a new idea or a new develop- 
ment such as Television. YOUR eventual success will not be 
gauged by the amount of money you have now. Instead, it will 
be determined by the extent of your ambition and determina- 
tion! Opportunity exists today more than ever before, and 
the specialized training that you are receiving from Midland 
can do much to place those opportunities within your reach. 
You are just as good as the other fellow YOU, TOO, CAN 
MAKE GOOD! 

Copyright 1942 

By 
Midland Radio A Television 

Schools, Inc. 
PRINTED IN U.S.A. 

OnESPRIDTS 

KANSAS CITY, MO. 



Lesson Six 

FUNDAMENTAL 
ALTERNATING 

CURRENT 
"This lesson is going to 

bring to you another very im- 
portant study of electrical phe- 
nomena. If there is a question in 
your mind as to why you should study 
so much about electricity when your chief 
desire is to learn Radio and Television, let me assure you that 
without a proper fundamental knowledge of electricity, it is im- 
possible to progress to any extent in the study of Radio and Tele- 
vision. 

I am sure you will find the study of alternating current ex- 
ceptionally interesting. Bear in mind that without alternating 
current, we would not have many of our present day industries, nor 
would Radio and Television be possible or practical." 

1. FORMS OF CURRENT. Up to the present time, we have been 
dealing with one form of current flow only; that is, direct cur- 
rent. Direct current is often abbreviated DC. There are two other 
fundamental forms of current flow with which it will be necessary 
to become familiar in order to understand the fundamental electri- 
cal phenomena. These are pulsating direct current and alternating 
current (often abbreviated AC). All three of these forms of cur- 
rent flow are used to a large extent throughout Radio and Televi- 
sion work. Some branches 3f electricity deal only with DC or pul- 
sating DC, while other branches deal almost entirely with AC. How- 
ever, in the specialized study of Radio and Television, all three 
forms of current are encountered continually. 

2. PURE DIRECT CURRENT. In a previous lesson it vas stated 
that an electrical voltage may be generated by: (1) friction; (2) 

application of heat to the junction of two dissimilar metals; (3) 

through the process of induction; (4) by a chemical reaction; (5) 

light falling on a photosensitive substance. Since the generation 
of an electrical voltage by friction is of no commercial value, it 

is not necessary to take this method into consideration. The volt- 
age produced by the application of heat to the junction of two dis- 
similar metals, by a chemical reaction and by a steady source of 
light falling on a photosensitive substance always results in the 
production of a direct voltage. This means that the voltage gener- 
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ated will always force current through a circuit in one direction 
only, such as in the circuits used for explanation in the preceding 
lessons. 

It was stated that a battery has a positive pole and a negative 
pole and it must be understood that the positive pole always remains 
positive and the negative pole always remains negative as long as 
the chemicals within the battery are capable of producing a voltage. 
Since the voltage of a battery is always in one direction, the cur- 
rent flow through an electrical circuit connected across its termi- 
nals will always be in the same direction. The current which flows 
under the pressure of a steady DC voltage is known as a pure direct 
current. If the voltage does not change and if the resistance in 

the external circuit remains constant, the current flow through the 
circuit will always be the same value and will always flow in the 

same direction. This is known as a pure direct current. 

3. PULSATING DIRECT CURRENT. Pulsating direct current will 
always flow in the same direction through a circuit; however, it 

will be changing in value. In order to explain this definition, let 

100v 

F1 
1000W 1000W 

R2 

Fig.I DC circuit. Varying the posi- 
tion of the movable arm B on 
the potentiometer changes the 
current flowing through the 
circuit. 

us refer to Fig. 1. Since a battery is used in Fig. 1 as the source 
of voltage for the circuit, we know that the. current will always 
flow through the circuit from the negative pole of the battery, 
through the milliammeter, through resistance 121, through R2 and back 
to the positive terminal of the battery. In all cases where the 
current flows in one direction through the circuit, it should be 
properly called a DC circuit. In order to calculate the amount of 
current flowing through the circuit, it is necessary to know the 
exact amount of resistance between points A and B on rheostat R2. 
The portion of the rheostat between B and C is not in the electrical 
circuit. That part of the rheostat between A and B will be in series 
with R1; hence, to calculate the current flowing through the circuit, 
it is necessary to add these two values together, then divide the 
sum into the applied voltage. Suppose that the moving contact arm 
on the rheostat was set for a resistance of 500 ohms between A and 
B. Then, the total resistance in the circuit would be 1,500 ohms 
(R1 plus the resistance between A and B). When divided into 100 
volts, this gives a current flow through the circuit of 66i ma. 
If the movable contact arm B were moved toward C, thus introducing 
more resistance in the circuit, the current flowing through the cir- 
cuit would decrease. If B were moved completely to the right (at 
point C), there would be 2,000 ohms of resistance in the circuit 
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and the current flow through the circuit would be 100,+ 2,000 ohas 
or;50 milliamperes. If, on the. other hand, the movable arm B were 
moved completely to the left, thus making contact at point A,.we 
would have only ..1,000 Chas of resistance in the circuit, and the 
current flowing through the circuit would be 100 + 1,000'or 100 
milliamperes.. Thus, it can be seen that the DC current 'flowing 
through the circuit can be varied from 50 milliamperes to 100 mil- 
liamperes by changing the position of the movable contact arm B. 

Even though the value of the current flowing through the cir- 
cuit may be changed in this manner, the direction of flow is not 
altered; that is, current will always be flowing. from left to right 
through resistance R5 and from left to right through whatever re- 
sistance ih inserted by the rheostat between A and B. 

Now, suppose that the arm B on the rheostat were rapidly moved 
beck and forth between positions A and C on the rheostat. It is 
quite evident that the- current. flowing through the circuit would 
not regain at a steady value, but rather would change with the re- 
sistance change. As more resistance was inserted, the current would 
decrease and as less resistance was inserted, the current would in- 
crease. Since the current flowing through the circuit' does not re- 
main at a constant value, we cannot call it a pure direct current, 
so this form of current flow is known as a pulsating direct current. 

In order to obtain a clear distinction between a pare direct 
current and a pulsating direct current, let us refer to Fig. 2. In 

150 

i roo 
c 

50 

1 

Fig.2 Illustrating that a pure 
DC current flows always 
in one direction at a 
constant value. Current 

Switch Closed flow is steady because 
/ the resistance and volt- 

i l $ 1 age are constant. 
0 1 2 3 r 5 

Time in Seconds. 

this figure, we have shown the conditions existing in a DC circuit 
if the resistance of the circuit remains constant. When the'switc)l 
in the circuit, was closed at the instant designated on4be diagram, 
the current immediately rose.to a certain value. (100 aa.) and then 
remained constant. Thé current continues to flow at a value of 100 
as. throughout the time the switch is closed. The time specified 
on this diagram is in seconds; however, it could just as well have 
been in minutes or hours. This is a pure DC current. 

In Fig: 3, the'same circuit is being considered; however, af- 

15 

i /¡ Fig.3 Illustrating that a pul - 
160 sating DC current flows 

e: always in one direction. 
50 '1 

but changes in value. 
Current flow varies De- 

p.. Switlh C:4 ¡ . cause the resistance is 
S I. i changed with the voltage 

0 1 2 3 a 6 
remaining constant.' 

Tine in Seconds. 

ter the switch is closed, the resistance of the circuit is being 
changed, thus causing the current flowing through the circuit to 
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vary in accordance. The resistance of the circuit is being decreased 

in the time specified from 0 to 1 second, thus causing.the current 
to rise. During the interval of time between 1 and 2 seconds, the 
resistance of the circuit is being increased, thus causing the cur- 

rent to decrease to a lower value. From 2 to 3 seconds after the 

switch is closed, the resistance of the circuit isagain being de- 
creased, allowing the current to rise. From 3 to 4, -the resistance 
is being increased again, thus causing the current to drop back to 
50 me., etc: 

It should be'seen from this illustration that as the resis- 
tance of the circuit changes, the current will pulsate; that is, 

increase and decrease in value, but will always flow in one direc- 
tion (from negative to positive of the voltage source). This rep- 
resents a pulsating DC current. 

4. ALTERNATING CURRENT. An alternating current is one which 
changes not only in value, but also in its direction of flow. This 
means that an alternating current will flow through the circuit 
first in one direction, then in the opposite direction, and at the 
same time, will be continuously changing in value. 

Let us first illustrate what is meant by a change in the di- 
rection of current flow through a circuit. We shall use a battery 
as our source of voltage and a double pole - double throw switch 
(abbreviated D.P.D.T.) to reverse the direction of current through 
a single resistance. This circuit arrangement is shown in Fig. 4. 

(B1 

Doubt vole-double throw (abbreviated OPOT) switch cir- 
cuit in .hicn the direction of tae. current through resistor 

may b changed by throwing the are of th switch. 

() Picture of a opt, Siltl . The Symbol for this swatch 
is shown in the cent, -of (0). 

The picture of a D.P.D.T. switch is shown to the right in Fig. 4 
and the symbol for this switch is shown in the center of the cir- 
cuit diagram. In Fig. 4, 'when the arm of the D.P.D.T. switch is 
thrown to the right (in the direction as shown by the arrow marked 
Y), current will flow from the negative side of the battery to ter- 
minal 1 on the switch, through the upper connecting blade of the 
switch to terminal 3, then to the top of the resistor R, down through 
the resistor to the terminal 4 on the switch, through the lower 
blade of the switch to terminal 2, then back to the positive ter- 
minal of the battery. Notice that when the switch was in this 
direction, current passed through the resistance R in the direc- 
tion as shown by. the arrow Y. Now, throw the arm of the double 
pole switch to the left (in the direction as -shown by arrow X).. 

Current now flows from the negative terminal of the battery to ter- 
minal 1 on the switch, across the upper blade of the switch to ter- 
minal 5, then to terminal 4, up through the resistance R to termi- 
nal 3 of the switch, over to terminal 6, through the lower blade 
of the switch to terminal 2, then back to the positive.terminal of 
the battery. With the switch thrown in this direction, notice that 
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the current'passed through the resistor R'in the direction of the 
arrow X. 

This action illustrates what is'meant when -it is said that'the 
cúrrent flow through a circuit'ehanges in direction. In this ex- 
ample, the current flow through the resistor R (which may represent 
any electrical circuit) wás first'in one direction;'thei intheop- 
posite direction, depending on` -the position. of the double pole arm 
of the switch. 'If we would rapidly swing the arm of the switch 
back and forth between the teriinals 3-4 and 5-6, then the current 
flow through the resistor R would be rapidly reversed. 

From the definitian of an alternating current, we" know that 
it acts in a manner very similar to. the current reversals through 
the resistance R as illustrated ih Fig. 4. The only difference is 
that the current reversals through the resistance R were rather ab- 
rupt, because of the rapid making and breaking of contact when the 
switch arm was thrown, whereas a commercial alternating voltage 
goes through these reversals in a very smooth and even manner.' Rhea 
speaking of these current reversals in an alternating circuit, the 
words "positive" and "negative"'are generally used. These two words 
are used merely to designate'the opposite directions of the current 
flow. As an example, in Fig. 4; the current flow up through the 
resistance R in the direction of the arrow X may be called the pos- 
itive direction; then the current flow in the direction of the ar- 
row Y would be called the negative direction. It must be thoroughly 

tw understood that these o terms, "positive" -and "negative", were 
arbitrarily chosen for the sole purpose of designating opposite.di- 
rections. The word "negative" is not.to be interpreted as. meaning 
"below zero", but to mean the opposite direction of flaw.' ' 

Fór commercial purposes, an alternating voltage is generated 
by an AC generator. An illustration of the voltageoutput as Pro- 
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operation of this type.of generator will be explained in Lesson 13. 

The smooth voltage output of an AC generator as shown in Fig. 5 is 

commonly called a"sinle wave" or a "sinusoidal wave". We shall not 

attempt to explain why this'wave is called a "sine wave" or a "sin- 

usoidal wave" at the present time; however, the'student should re- 

member this term. 
Before. continuing further, it is necessary to.learn the mean- 

ing of several words which are used when speaking of alternating 

current. As can be seen from. Fig. 5, the nature of an alternating 

current or Voltage ís such that it starts from zero and rises to 

its maximum value in the positive direction; then gradually recedes 

to zero. The alternating current or voltage then.reverses-its di- 

rection and rises to a maximum value in the negative direction, then 

gradually recedes to zero. The change from zero to maximum and back 

to zero in the positive direction is called one alternation, and the. 

- change.from zero to maximum and back to zero in the negative direc- 

tion is also called one alternation. In order to distinguish these 

two alternations from each other, the change in the positive direc- 

tion is called the positive alternation andthe change in the nega- 
tive direction is called the negative alternation. An alternation, 

then, is defined as a change to alternating voltage or current from 

zero to maximum and then back to zero. 

The word amplitude is frequently used when speaking of AC and 

is also used when speaking of pulsating DC. The.word amplitude 

means the value to which the voltage or current rises with respect 

to zero. Referring to Fig. 5, theraximum amplitude of the positive 

alternation means the maximum value to which the AC voltage or cur- 

rent rises on the positive alternation, and the maximum amplitude 

of the negative alternation means the maximum value to which the AC 

voltage or current rises on the negative alternation. 
The complete change of the AC voltage or current through both 

its positive and negative alternations is called one cycle. Accord- 

ing to physical definition, a cycle is an operation which repeats 

itself, and whenever speaking of AC voltage or current cycles, we 

mean a series of variations which are continually repeating them- 

selves. Fig. 6 illustrates three cycles of alternating current or 

Fig.6 Three cycles of an AC'current or voltage. ' 

voltage. Notice in Fig: 6 that the nature of the current flow is 

such that it first goes through a positive alternation, then a neg- 
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ative alternation, then another positive alternation, etc. In other 
words, the variations are continually repeating themselves in al- 
ternate directions. One cycle will alwáys consist of two alterna- 
tions, a positive alternation and a negative alternation. When de- 
fining one cycletf alternating voltage or current, we should state 
that it consists of the variations starting from zero, rising to 
its máxitmum amplitude in the positive direction, then returning to 
zero, after which it rises to its maximum amplitude in the negative 
direction and then again returns tozero. Two such complete changes 
constitute two cycles and three such complete changes constitute 
three cycles, etc. 

The diagrams shown in Figs. 5 and 6 may be used to represent 
either alternating voltage or current. Instead of definitely stat- 
ing it is an alternating voltage or an alternating current, we often 
use the expression "AC wave", which means that the diagram shown 
may be representative of either an AC voltage or an AC current. 

If the.AC wave increases and decreases evenly and if the posi- 
tive alternation is exactly the same shape as the negative alter- 
nation, it is called a "sine wave". 

5. HYDRAULIC ANALOGY OF DC, PULSATING DC AND AC. In order to 

clarify the definitions of DC, pulsating DC and AC, a hydraulic 
analogy illustrating these three terms is advisable. Fig. 7 shows 

Z1I+ 
Tank 

-P1unger 
14 

7=- 

A -a - B 

Fig. -7 Hydraulic circuit used Fig.8 Hydraulic circuit used 
for explanation of pure for explanation of AC. 
DC and pulsating DC. 

a closed pipe circuit containing'a tank, 'a pump and valves so ar- 
ranged that water will flow through the pipes in one direction only, 
independent. of the direction of piston motion. This arrangement may 
be used as a water analogy for a DC system. The connecting pipe is 
analogous to the wire in an electrical circuit, and the piston (pump) 
is analogous to the source of electrical pressure. If the piston 
or plunger of the primp in Fig. 7 is moved from the bottom of the 
tank to the top of the tank, the pressure of the water will open 
the valve V1 at the top of the tank and allow a current of water to 
flow around through the connecting pipe. The space at the bottom 
of the tank will fill as the plunger moves up. This single motion 
of the plunger represents the nature. of a current flow inn pure DC 
circuit; that is, the water flow will be ata constant rate of flow 

-;(amperes in an electrical circuit) hnd in one direction. 
We can use the same hydraulic system shown in Fig. 7 to rep - 

, 
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resea1,,pulsating direct current, because, due to the action of the 
valves, :.regardless of which direction the plunger is moved, there 
will be a flow of water in one direction only through the connecting 
pipe. Suppose, for example, that we move the plunger from the bot- 
tom to the top of the tank. Then, water will flow in the direction 
indicated by the arrow. Now as the plunger is moved down from the 
top to the bottom of the tank, the valves V, and Ve will open, per- 
mitting the plunger to descend, but there will be no movement of 
water through the pipe because the valve V1 will close. A continued 
movement of the plunger up and down in the tank results in a flow 
of water only as the plunger goes up through the tank; hence the water 
flow will be pulsating through the pipes and always in one direction. 
This is analogous to a pulsating DC electrical circuit, 

The hydraulic. system shown in Fig. 8 is similar to that shown 
in Fig. 7 except that the valves have been removed. As the piston 
in the tank is moved from its mid -position to the top, water will 
flow 'through the pipe in the direction as shown by the arrow A. 
Then, as the plunger is moved from the top to the bottom of the 
tank, water will *be forced around through the pipe in the direc- 
tion of the arrow B. It may be easily seen that as the plunger 
is rapidly moved up and down, the water will flow through the con- 
necting pipe first in one direction and then in the other. This 
oscillating' movement of the water corresponds to the manner in 
which an AC current flows through an electrical circuit. In an AC 
circuit, the forward electron movement will be first in one direc- 
tion through the circuit; then as the pressure of the generator 
changes in direction, the electron movement will be in the opposite 
direction. Electrical work will be done in an AC circuit the same 
as in a DC circuit, because just as much work can be done by an 
electron movement in one direction as can be done by an electron 
movement in the opposite direction. Even though the electrons are 
oscillating in the circuit, as long as they are kept in motion by 
the applied voltage, work will be accomplished the same as in a DC 
circuit. 

If we consider a single drop of water in any section of the 
piping in Fig. 8, as the plunger of the pump is moved up and down, 
that drop of water will never move very far from its original posi- 
tion, yet it will be constantly in motion. The single drop of water 
oscillating (swinging back and forth) in a section of the piping 
corresponds to an electron oscillating in a portion of an AC elec- 
trical circuit. As the electron oscillates, the "impulse" created 
by. its every motion is transmitted very rapidly from atom to atom 
throughout the entire circuit. 

An AC circuit (containing a pure resistance) having a voltage 
applied of 10 volts with a current flow of 1 ampere produces an 
electrical power of 10 watts (W = E x I). Likewise, a DC circuit 
which has 10 volts applied with 1 ampere of DC current flowing 
through it also produces 10 watts of electrical power. 

6. FREQUENCY. The word "frequent" as used in ordinary conver- 
sation means "to repeat a certain action quite often" such as "fre- 

1 The word 'oscillate' means to swing back and forth'. 
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quently indulging in a sport", or "frequently visiting a friend". 

The word "frequent" is used in exactly the same manner when speak- 

ing of electrical circuits; that is, it denotes the -recurrence of 

a particular action. It may be said that the cycles of AC current 

flowing through a circuit repeat themselves quite frequently. The. 

word. "frequency" is used to specify exactly bow frequently or rap- 
' idly these cycles repeat themselves. It is necessary to employ a 

unit of time for this measurement, so the second has been adopted. 

If 1 second of time were required for an AC current to complete one 

cycle, then the occurrence would be expressed as "one cycle per sec- 

ond". If, however, the cycles occurred more frequently, such as 

being speeded up until two cycles were completed in one second of 

time, then we would use the expression, "a frequency'of two cycles 

per second". The definition of frequency, then, when applied toss 

AC circuit, is the number of cycles per second. Since the second is 

always used as the unit of time, we usually omit the time factor 

and merely say "the frequency is 1 cycle", or "the frequency is 2 

cycles", etc. The only reason that it is permissible for us to use 

the shortened expression is because the second is universally adopted 

as the time factor when speaking of frequency. Some special prob- 

lems may involve the use of a different time factor, in which case, 

it must always be given; such as"the frequency is 4 cycles per min- 

ute", or,. "the frequency is 25 cycles per hour", etc. Unless other- 

wise specified however, the second is always considered to be the time 

factor. In Fig. 9, we have 10 cycles occurring in 1 second of time. 

l 
Start 

of First 
Cycle 

r 

ll 

1 

y 

End of 
Tentn 
Cycle 

I 
I Second. -1 

Fig.9 Illustration of 10cycles of an AC current. 

For the measurement of' the revolution of mechanical bodies, 

the minute is nearly. always employed as the unit of time. For ex- 

ample, when speaking of the speed at which a wheel revolves, we 

generally say, "10 revolutions per minute", or "900 revolutions per 

minute", etc. (See Fig. 10.) Revolutions per minute is often ab- 

Fig.10 Diagram illustrating the mechanical 
revolutions per minute (r.p.m.) of 
a water wheel. 

breviáted "r.p.m." and cycles per second is often abbreviated "c.p. s." 

The small symbol is quite often used in electrical diagrams to 
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represent the expression, "cycles per second." 

The frequency of an AC generator may be anywhere from a frac- 

tion of a cycle per second to millions and millions of cycles per 

second.. Mechanical generators of an AC voltage are limited to a 

frequency of around 20,000 cycles per second; hówever, vacuum tubes, 
may also be made to generate an AC voltage, in which case the fre- 

quency .may be made extremely high, quite often extending above 
100,000,000 cycles per second. Frequencies from the very lowest to 

the very -highest are used throughout all Radio and Television work. 
For convenience, we have three. general divisions in this wide range 
of frequencies; namely, power frequencies, audio frequencies, and 

radio frequencies. 
Power frequencies are defined as those used for power distri- 

bution work, such as 25 cycles or 60 cycles. All electrical power 

which is transmitted over any appreciable distance is transmitted 
.in the form of AC, since it is much more economical than attempting 
to transmit power in the fora of DC. In some localities of the 
United States, such as in the region of Niagara Falls, electrical 
power is distributed to homes at 25 cycles. Most modern, electri- 

cal generators, however, generate a 60 -cycle voltage for power dis- 

tribution and it will be found that this frequency is more popular 

at the present time than the formerly preferred 25 -cycle voltage. 

Nearly all 32 -volt Delco power plants used on farms generate a DC 
voltage. 

Audio frequencies are .defined as those which, when passed 
through a pair of headphones or a loudspeaker, will produce sound 
waves through the air that are audible to the human ear. This range 
of frequencies is generally considered to include all frequencies 
from 16 to 16,000 c.p.s. These figures may vary slightly in dif- 
ferent textbooks and technical information, because all authors do 
not,agree as to the range of the human ear. It is true that the 

range of frequencies to which the human ear responds varies with 
different persons and also with an individual's age. However, we 
are of the opinion that the range of frequencies from 16 to 16,000 
cycles are those which should be classified as audio frequencies. 
It will be noticed that the audio frequency range also includes the 
two commonly used power frequencies of 25 and 60 cycles; so, when 
considering a frequency.of 25 cycles or a frequency of 60 cycles, 
bear in mind that it may be called either a power frequency or an 
audio frequency. 

In order to become familiar with the various audio frequencies, 
we suggest studying the chart shown on page 11. On this chart it 
will be noticed that the frequencies below 16 cycles affect the 
sense of feeling, rather than'the sense of hearing. By actual test, 
it has been found that the average person cannot hear frequencies 
less than 16 cycles. Also, the chart shows that a frequency of 
16,000 cycles is the upper limit of hearing for younger persons, 
while that of older persons is approximately 12,000 cycles. It is 

also interesting to note that the average frequency of a man's speak- 
ing voice is 128 cycles, while the average frequency of a woman's 
speaking voice is 256 cycles. These frequencies may be struck on 
á piano keyboard to. obtain an idea as to where they lie in the aud- 
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ible spectrum. 
The range of alternating currents called "radio frequencies" 

extends from.the upper limit of audio frequencies (approximately 

16,000 cycles) to the extremely high frequency of'" 3,000,000,000 

cycles. It may seem rather out of reason that the AC current in a 

circuit can undergo 3,000,000,000 complete cycles in one second of 

time. However, such ultra -high frequencies have been generated and 

used for radio communication purposes. To obtain an idea of how 

rapidly the current must change in a circuit when the frequency is 

this high, the student might visualize 3,000,000,000 complete changes 

occurring during the time required for an ordinary pocket watch to 

tick three times. 
As may be seen from the definition of radio frequencies, this 

band is many thousands of times wider in range than the band of fre- 

quencies occupied by audio frequency currents. The broadcasting of 

all radiotelephone and radiotelegraph signals is carried on in this 

band of radio frequencies. The Commercial Broadcast band occupies 

a small portion of this entire radio -frequency spectrum; namely; 

from 550,000 cycles to 1,600,000 cycles per second. The Federal 

Communications Commission has complete authority in assigning the 

various frequencies to broadcast, aviation, police, amateur, etc., 

radio stations. According to the present plan, Television broad- 

casting is carried on at frequencies extending from 42,000,000 to 

90,000,000 c.p.s., with the band from 56,000,000 to 60,000,000 cy- 

cles excluded for amateur purposes. 
The figures we have been using to designate the various fre- 

quencies in the radio -frequency spectrum are rather large, so for 

oonvenience, we will use the prefixes defined in an earlier lesson. 

Since the prefix "kilo" means 1,000 times, 1 kilocycle would be 

1,000 cycles. The prefix "mega" was defined as meaning 1,000,000 

times; hence, 1 megacycle would be 1,000,000 cycles. Examples of 

the use of these new terms would be as follows: 

550,000 cycles = 550 kilocycles' _ .55 megacycle' 

1,000,000 " = 1,000 n = 1. " 

1,600,000 " = 1,600 " = 1.6 " 

60,000,000 " = 60,000 " = 60. " 

3,000,000,000 " = 3,000,000 " = 3,000. " 

The expression "a broadcasting station is operating on a fre- 

quency of 800 kilocycles", means that the frequency of the alternat- 
ing current which is being sent up into the broadcasting antenna is 

800,000 cycles per second. Likewise, if the frequency of a broad- 
casting station is said to be 1500 kilocycles, it means that the 

frequency of the -alternating current sent into the antenna of the. 

broadcasting station is 1,500,000 c.p.s. 

7. WAVELENGTH. A wave of any kind may be defined as a vibra- 

tion or a mode of motion. Since all electrical waves and sound 

waves are invisible, it is advisable to select a suitable analogy 

in order to understand the meaning of the term "wavelength". Water 

1 Kilocycle is often abbreviated with the letters 'KC', and megacycle is often. 

abbreviated 'NC'. 
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waves can be seen, so an analogy of this kind should be enlighten- 
ing. When a stone is dropped into a smooth pond, a disturbance is 
produced which extends over the surface of the water in circles, 

centered at the place where the stone struck. The water is pushed 

down and aside by the stone forming a circular ridge, which expands 

into a larger :circle and is followed by a second circular ring, 
which expands, etc. The result is that the surface is soon covered 
with a series of circular crests which are separated by circular 

troughs, all moving away from the center of disturbance. The cross 

section of a water wage way be represented by a diagram as shown in 

Fig. 11. The "wavelength" of this Water wave is measured horizon- 

Fig.11 Cross-sectional view of 
a water wave to illus- 
trate wavelength. 

A 

: 

tally from any point on one wave to the corresponding point on the 
next wave. Thus, the wavelength is the distance between points A 
and C, between B and D,_C and E, or the distance between, the two 
successive crests marked "1". The amplitude of the water wave is 
half the vertical distance between the trough and crest, which is 

the same as saying that the amplitude is the distance from the dotted 
line through the center to the crest of the wave or the distance 
_from the dotted line to the trough of the wave. 

The same method of measuring the wavelength of a water wave is 
used to measure the wavelength of electrical waves; that. is, the 

wavelength of an electrical wave (audio -frequency or radio -frequen- 
cy) is the horizontal distance from any point on one wave to the 

corresponding point. on the next wave. In order to express this 
wavelength, it is necessary to select a unit of measurement. When 
speaking of audio -frequency waves, the unit of measurement is the 
foot, and when speaking of radio -frequency waves, the unit of meas- 
urement is the meter. (1 meter = 39.37 inches.) 

If an audio -frequency current is passed through a loudspeaker 
or a pair of headphones, the vibrations of the sound reproducing 
device causes the emission of "sound waves". The sound waves trav- 
eling from the cone of the speaker are similar to the sound waves 
shown when traveling outward from the ringing bell in Figure 12. 

Compression Rarefaction 

Fig.12 Diagram illustrating the yo \,\ , , 

passage of souad waves ¡P i; v ,%, \,,,, li 
through the air. The li'trri ail ';I,I n i1p ,1I 
compression and - ` 
tion of the air molecules =mot /Á' lli 

:lit 

r P r, 
are indicated by the / , 9/ JJí 
heavy and light lines 
respectively. 

Sound waves consist of the alternate compression and rarefaction' 
of air molecules at regular intervals. A cross-sectional view of 
the vibrating air molecules would appear similar to the water waves 

'Rarefaction" means to decompress or make less dense. It is -the opposite f 

compression. '` 
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as shown in Fig. 11. The speed at which these vibrating air mole- 
cules travel through the air at a temperature of 68 degrees Fahren- 
heit is approximately 1130 feet per second. Since 68 degrees Fah- 
renheit is an average temperature, we may consider the speed or 
velocity of sound waves as being 1130 feet per second for practical 
applications. 

Knowing the velocity ('in feet per second) of a sound wave and 
the number of sound waves generated in a second of time (frequency), it will be possible to calculate the distance between the waves. 
This, of course, is the wavelength. The symbol generally used for 
wavelength. isA. This relationship may be expressed by the follow- 
ing formulas: 

V=FxA 
_ ir Where: 

F= 

V is the velocity of the sound wave in feet 
per second. (This is 1130 at 68° F.) 

F is the frequency of the sound wave in c.p.s. 
A is the wavelength of the sound wave in feet., 

For example, if the frequency of a sound wave is 500 c.p.s., 
then the wavelength of this sound wave may be found by dividing the 
500 c.p.s. into the velocity of 1130 feet pér second. 'This results 
in -a wavelength of 2.26 feet. If the wavelength of a sound wave is 
known to be 9 feet, then the frequency of the sound wave may be cal- 
culated by dividing the 9 'feet into the velocity of 1130 feet per 
second. This gives a frequency of approximately 125 .5 c.p.s. In 
any case, if the frequency or the wavelength of a sound wave is 
known, the other may be found by dividing into 1130. 

The wavelength of a radio -frequency wave is calculated in -much 
the same manner as was done with an audio -frequency wave. However, 
there is a considerable difference in the velocity or -speed. It 
has been definitely determined that a radio -frequency wave; when 
emitted from a broadcasting antenna, travels outward from the an- 
tenna at a velocity of 300,000,000 meters per second. This velocity is the -same as' that of light. A speed of 300,000,000 meters per 
second corresponds to approximately 186,000 miles per second. From this it can be seen that a radio wave would travel around the sur- 
face of the earth at the equator about 7 times in one -second. This 
tremendous speed should be remembered, because it is quite important 
to keep in mind the fact that a radio wave travels with an almost 
unbelievable velocity. The formulas used for the calculation of 
wavelength and frequency for radio -frequency waves are the same as 
these used for the calculation of wavelength and frequency for aud- 
io ór sound waves; that._ is : 

V= F X A 

A 

- f 
F= 

Where: 

V is the velocity of the radio wave in meters 
per second. This is 300,000,000. 

F is the frequency of the radio wave in c.p.s. 
A is the wavelength of the radio wave in meters. 

Hence, if we know the frequency of a radio wave to be 1,000 
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IiC,we .a convert this into cycles (1.0(0,000.cycles),then divide 
it into- 300,000,000 meters (the velocity oft. radio ware), this ob- 
taining a wavelength .'óf '300 meters. This means that the actual 
distance measured from any point'on one radio wave to a oorrespond- 
ing.point On the' next radio lave is 300 meters : 

As another example, suppose .that are know -the wavelength of 
a radio -frequency 'wave tole 200 meters and it is. desiredto find the 
frequency. By dividing 200 meters into the velocity of 300';000;000 
meters per second, we obtain a frequency of 1,500,000 cycles, or 
1,500 HC. . 

Since nearly all radio -frequency measurements are.made in kit- 
ocycles,'we very often reduce the number coiresponding to velocity 
to 300,000; then whenever dividing the wavelength into this number, 
we will.obtain.the frequency directly in kilocycles.' Likewise, by 
dividing the frequency in kilocycles into.300,000,' ye will obtain 
the wavelength in meters.' This is merely for convenience and the 
answer secured will be just as correct as when dividing cycles into 
300,000,000 to obtain meters, or when dividing: wavelength into 
300,000,000 to obtain cycles. . 

When dealing with same of the. ultra -high radio -frequencies, 
the frequency is generally expressed in megacycles, in which case, 
to find wavelength; the frequency is divided into 300, or to -find 
the frequency in megacycles, the wevelength'is.divided into_300. 
These relationships are given in the following formulas: . - 

F = T or A=5001000. Where: F is 
A is 

in kilocycles. 
in meters. 

And: 

F _ ñ or A _illWhere:' F is in megacycles. 
A is in meters. 

The conversion. table shown in Fig. 13 shows the relationship 
betweenthe frequency in kilocycles Ind the wavelength in -meters 
for various frequencies in the commercial broadcast bend and in the 
short-wave band. 

'The student should work out several examples from the Convect'- 
sign Table to make certain that he understands the exact relatiop- 
ship,between frequency and wavelength. By studying the table, -it 
can be seen that the higher the frequency of a radio wave; the 
shorter the wavelength will be. The expression "short -wive" mean 

4 a high -frequency radio wave. Generally, all frequencies above the,. 
commercial broadcast band (1600 kilocycles) are called."short-waves." 
A short-wave station will be any radio station which uses a.trans= 
.sitting frequency. higher than 1600 HC. A '.'long-wave" .station is 

the name erally applied to those stations using frequencieslow-. 
er than .550jd locycl;ac. "Ultra -high -frequency" stations are those 
operating ón"frdVd ies'above 30,000 IC' (30 MC). 
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' CONVERSION TABLE - 

- FREQUENCY TO pAYELBNGTH 'or = YAYELEAGTH' TO VRBQÜBYCI 

c :< 
300_o0q ° - 

,. . Freque-ncy' in Kilocycles , - waJelangtn1 . 

in = or 
',Meters 

300 r. 

Frequency in Megacycles 

Wavelength 
Meters 

Frequency 
Ki10CycleS 

Wavelength 
Meters 

Frequency 
Kilocycles 

Wavelength 
Meters 

Frequency 
KiloCycles 

Wavelength 
Meters 

Frequency 
KIIOCyC1e5 

20;000 15 1.132 ' 265 "' 411 , 730 139.5 2,150 
15,000 20 1,111 270 ' 405 740. 136.4 2:200 

, 12.000 25 1,091 _' 275 400 750 , 133.3 2.250 
10.000 ' 30 - 1,071 -280 394,8 ' 760 ' 130.4 2,300 
8,570 35 1,053 : 

M , 285 389.6 770 127.7 2,350 

7,500 , _'40 1.035 290 - - 384.6 - 780 125.0 2,400. 
6.670 45 1.017 - 295 - 379.8 790 122.5 2,450 6,000 F: 50 1.000 300 375.0 800 120.0 2.500 
5,450 

. 

55 968 310 , 370.4 810. 117.7 2,550 5,000 60 938 320 365.9 a 820 115.4' 2.600 

4,620 65 909 -.: 361.4 830 113.2 2,650 
' 4.290 70 882 

_330 
340 357.1. 840 .111.1 - 2,700 .. 

4,000 ' 75 - 857 , 350 352.9 850 - 109.1 2,750 3,750 80 833 960 348.8 .. 860 107.1 . 2.800 3,529 ' 85 811 370 384.8 870 105.3 2,850 

3.333 90 790 380 .-, 340.9 880 103.5 2,900 
3.158 95 769 390 ' 337.1 890 101.7 2.950 
3.000 - 100 ' ' 750 H ' 400 - 333.3 900 100.0 3.000 2,857 105 ' 732 ' 410 

, 

329.7 910 85.7 1 3.500 2,727 510 - 714. 420 326.1 920 75.0 4,000 

2,609 115 698 430 - 322.6 930 66.7 4,500 
2;500 120 682 . 440 319.1 940 60.0. ' 5,000 
2.400 125 667 450 

, 

315.8 950 54.5 5,500 
2.308 130 ' 652 460 312.5 960 50,0 6,000 
2.222 - 135 638 ' 470 309.3 970 46.2 6,500 

2.144 140 625 £80 306:1 980 42.90 7,000 
2.069 145 612 ' 490 303.0 990 40.00 7,500 
2.000 150 . 600 . 500 300:0 ' 1.000 , 37.50 8.000 1.935 155 588 510 285.7 ' 1,050 35.29 8.500 
1,875 160 577 520 ' 272.7 ' 1.100 33.33 '9,000 

1.818 165' 566 530, . 260.9 - 1.150 31.58 9.500 
1,765 170 ' 556 540 '250.0 1,200, 30.00 10.000 
1.714 175' - 545 

- 

550 4 '240,0 1.250 20.00 15,000 1,667 180 536 560 230.8 1,300 15.00 20,000 1,622 185 526 570 ' 222.2 - ,1,350 12.00 25,000 

1.579 190 517 580 214.4 1,400 10,00 30.000 1.538 195 ' 509 ' ' 590 206.9 1,450 ' 8.57 35.000 1,500 200 - 500 600 -. 200.0 1,500 , 7.50 40.000 
1,463 205- 492 _ 610 - '193.5 1.550 6.67 45,000 . 

1.429 210 484 620 - 187.5 1.600 6.00. 50.000 ' 

, 

- 1.395 215 - , 476 - 630 ' : 181.8 1,650 5.45 55,000 
1.364 220 469 - 640 176.5 . 1.700 ' 5.00 60.000 
1.333 225. ' 462 !, 650 - -171.4 1;750 ' 4.62 65 000 
1,304 230 ' 455 660. 166.7 1,800 4.29 70.000 
1,277 235. 448 670 - 162.2, 1:850 - 4.00 75,000 . 

1.250 240 441 - 680 157.9 1,900 ,, 3.75 ., .80.000 
1,225 

.1.200 
245 ' 

. 250 , 
' 

435 
_429 

690 
700 

; 

- 

153.0, 
150,0 

' 1,950 
2.00Q, 

- 3.53 
. 3.33 

85,000 
90,000 

- 

. 1.177 255 423 710 - 146.3 , 2.050 - 3.16' . 95,000 
1,154 260 ' ' 417 ', . 720 - 142%9 2.100 

' 3.00 100,000 
. _ 

- 
. . 
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8. HEATIJG ANDIWIETIC.EFFECTS. Whenever current passes 
through a conductor,.it is always accompanied by two effects: 

(A) 'Theproduction of heat. . 

(B) The establishment of electromagnetic 
lines of force around the conductor." 

A detailed discussion pertaining to the magnetic effect of cur- 
rent flow will be given in Lesson 9_ At the present time, we will 
concern ourselves with the heating effect only. (See Figs; 14 -and 
15.) 

s5 

1 
R= 10001+1 

_~I R[tiSTOR 

12R=.1 Watt. 
(Sate) 

isjY, 

E = 10V 

1 

R= 1000;if 

I 
12R= 10 Watts 

TIÑA (Overheateo) 

E =100V I=.1A'. 1I'l 

. FI.,g.ia Fircoits.to illustrate the; IºR .Law. 

It is known that whenever water passes through a pipe, there 
will be friction between the water molecules and the inside surface 
of the pipe. This friction retards the movement of,water through 

'the pipe, thus constituting opposition to the water flow. Resist- 
' ance.in an electrical circuit is likewise due to -friction, because 

"when the. electrons are moving through á conductor; theynre contin- 
nally colliding with the atoms of the metal in that conductor. Frio- - . 

tioü of any kind, always results -in the production of heat. In the 
case of the water pipe with friction between the pipe surface and 
the water molecules, the heat is easilry'carried away by th.e flow of 

. the water and no noticeable temperature increase results. However, 
' in an electrical circuit,' the friction between the moving electrons 

and the atoms is not dissipated as readily, and as a result, the tem- 
perature of the conductor will rise. The increase in' temperature 
of the conductor will depend upon the amount of current passing 
through it and its resistance. The greater the current flowing (in 

amperes), the greater will be the heat produced, and the more the 
'resistance of the conductor, the greater will be the heat produced. 

Heat is a form of energy and the heat produced by an electric 
,-current can be made to do work. The rate at which work is done by 
the heat in an electrical circuit is electrical power; hence, it 
may be expressed in"watts". We have previously defined electrical 
power as the rate at which work can be done in an electrical cir- 
cuit and the unit for measuring this power -is the "watt". - 

The relationship between the power, current and resistance in 
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an electrical circuit can be expressed in the formula: 

W = I'R 

W is the power in watts. 
Where: I is the current in amperes. 

R is the resistance in ohms. 

Interpreting this formula, we find that the heat in watts will 
increase as the squarer of the current and will increase directly 
as the resistance. In other words, the higher the resistance of the 
circuit and the more current passing through this resistance, the 
greater will he the heat in watts produced. This formula is gener- 

otD,. t.. t.D.t 
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WINDING 
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w 
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Fig.15 Cutaway drawing of 
a 25-watt rheostat. 

ally known as the "I'R" (I squared R) Law. 
This formula for finding the heat in watts has been secured 

directly from two fundamental formulas previously given. These are: 

W=ExI and E=1xR 
By substituting I x R for E in the formula W = E x I, we have: 

W = (I x R) x 1, or W = I'R 

In some electrical circuits, the production of heat is very 
essential and in others it is desired to keep the heat produced to 
a minimum. In electrical devices such as irons, percolators, stoves, 
etc., the heat is desirable and is made to do actual work; whereas, 
in other types of electrical circuits, any heat that is generated 
in the circuit represents a loss of electrical enemy and should be 
prevented as much as possible. Electrical power is required to 
overcome the resistance of a wire and force a current through it. 
This lost power appears in the form of heat generated in the wire. 
Likewise, mechanical power must be used to overcome the friction 
of a bearing on a motor and the lost mechanical power appears in 
the form of heat generated in the bearing. A mechanical engineer 
tries to reduce the amount of mechanical power wasted in heat by 
reducing the friction of the hearings, and likewise, an electrical 
engineer tries to reduce the electrical power wasted in the form 
of heat by reducing the resistance of the wire used to transmit or 

I The square of a r.umDer means that number multiplied ay itself, suCh as: the 
square of 8 is 8 x 8 or 64. 

18 



carry a given current. 
Since the production of heat by electricity isa very important 

item in all electrical circuits; it is advisable to work out a few 
examples using the formula, W = I'R. 

'Example 1: Now many watts of heat energy will be used by an 
electric iron if the current drawn by the iron is5 amperes and the 
resistance of the element in the iron is 20 ohms? In solving this 
problem, we must first square the amount of current flowing through 
the iron, that is, 5 x 5 = 25, then multiply this by the resistance 
of the iron's element, 20 ohms. 25 x 20 = 500 watts of beat.ener- 
gy 

Example 2: What is the amount of heat generated when 100 ma. 
passes through a resistance of 10,000 ohms? To solve this problem, 
it is first necessary to convert the 100 ma. into amperes. (100 
ma. equals .1 ampere.) Squaring the current in amperes, we have 
.1 x .1 = .01. Then, multiplying 10,000 ohms by .01, we have 100 
watts of heat energy. 

Example 3: The average resistance of a cigarette lighter in 
an automobile is .2 ohm. How much heat energy will be produced if 
the car battery measures 6 volts? It will first be necessary to 
find the amount of current drawn from the battery by the cigarette 
lighter. Using Ohm's Law, we find the current to be 3Oamperes 
(I = E = R = 6 = .2 = 30). Then using the I'R Law, we have 302 x .2 
= 900 x .2 = 180 watts of heat energy. 

All resistor manufacturers rate their resistors in so many ohms 
and also give the wattage rating. (See Fig. 16.) For example, you 
may purchase a 1,000 ohm resistance which has a wattage rating of 1 
watt, or you may purchase a 1,000 ohm resistance which has a wattage 

Fig.16 Photographs of 25, 50, 
75, 100 and 160 -watt re- 
sistors. All of these 
resistors have the same 
number of ohms; the only 
difference is in the 
wattage rating. 

. 

r YR7lWYe+: 

r.r7.._ . 

-2r3: ,. 
rating of 10 watts, etc. The resistance rating given by the manu- 
-facturer specifies the number of ohms possessed by the resistor and 
the wattage rating determines the maximum amount of current which 
can be passed through the resistance without causing the production 
of more heat than the element or wire can safely stand without.melt- 
ing. When purchasing a resistor, one should always take both of - 
these things into consideration. First, determine the number of 
ohms of resistance needed in the circuit, then determine the maxi- 
mum amount of current which will pass through the resistor. By us- 
ing the I'R Law, the maximum amount of heat in watts produced may 
be found, then purchase a resistor which will safely stand this 
amount of heat. In all cases, it is advisable to add approximately 
25% as a safety factor. If a 25% safety factor is allowed, the re- 
sistor is not likely to burn out if more current than originally 
planned passes through it for a short while. 

19 



° ' t ` a. .a 

w 
, ,2 

' i 33CjtI!,Yi 
- 5"^" _-- . :'%' í3L, 

' p a _, 

, r. 
I D _, Y d°. 

L7,v ̀ , - 

o: 
lwY `r3Ct. i, 4 ó u33 ,/45;.'n.1 1.-° 

h 

fliS+ ii ; 'r ' ur .r7' ü' . - . _ ' t'i"s.+;r: J `5` ' - S 
a v 5c^'r .cj, : tT 6UrlF y ' _ 'l :n -;44511.r. ir r' _ rC 

rp . - .. t'i _ - - o a- . ' .`,; r = t i.. + y 
, ^' ~1 ll. 1 '.--,`,p",+ 

- 
' 'r.añpF'y 611 eur,'JU .a-FIY ',=.i_T Í-+ -' om.` .!y ._Ilt `ri1'-- , .7# 

°, _'a Qr . .+,si.atia ,L+-;7 ' r-{` 
-' 'r,.- -- ,41.e_.,, 

- yGú d. T, ! ,{ IF,á,.' h ' ,' j lyli .. o l :¡ Ri Í ' I'- ...-..«..-2( s .c o- 
J;. ', , ' . 

yt 4,K _i 

'``n,'- r 
.r 13 -LA si¡. -Lri' . /kip = i :",I . 

'y ay p _ w! -+S 
.) 

- 1 

I'/,11JIJM",`tii Rfi - 1 + a, Ñ,ri.n, 1.1 
y,Y1, K 6 L 

'"^+ ST'-`1.1 -.! ' y; - -tt_klr ; 7 -.M - 
' ..,' z :.o .z :.{T P { - ¡ Y, A ' . - _ r;r ;.,..,.,77? . FÍSSl1'-`a. ,e r; l n 1') , ' ra ¡ a 

jt P 

= . 

l* . ra: : t? 

.' ,+ar, 
I ' :IY. o 1 5`A e i; 1[. i utY d i r± 

Ca , _C, 
.F- . SS 

e` fTtl+'I tir.' ,tG'm` ' 

+:F "_ °nn 0 rl{jiS+'ÍTIT 'G 
- 1 .! úK} ' . } 777: y fl ,,.j.,j ,.. z',' { ' 

_ r15 Il7á -iA' - i -° ,r I ` i Rr 
r . 

-Y- c. 

- : i:] _ 
' . 

w H 
v. -' - ": d' , ' ó+, .1 .. - 'a3 - s r , - i - ry; , 

,. : = ..L9:11,4"5111*, 
e7, -J _ - í,11/ /14.44 ''i1. 

. ' .:: 
't 

42;/41'"3, 

'.,j' 
tA' 
E+sl?-} 

e M1 - 
- ' 

1 4. 11--W10. 
- 

r , _ - ' d !w.! ''4 . - .' ri .Z. - _ -' 

'' } 
' Y' . '_.' º...,. 

,- .. '! -.l . = h:.r 1_ , `- - Y 20/,' : _W- , a ,'. "-r.-7-1 
`. 

., _ S %liw ,(' 
rig 2 

t o 

1i- _ _p ri X . a[`s,:-i4Vf- il- V=3. nrdA'1'f , 
- ' f`i ir!t '}! .,.. -,ar+ 

-:. 

o}fi.tttb"íp,t3 1'ijJ q- ,r 
n'S 

r' oé. -á[ '}j{y yT 

' 1 

' Yº .' ` } _ ry' p -- F- '.r u ' 
'41 Y-~rV'' "r-ti 17._ .: 

' ' Jic7 Lt;T : _ r %- 
"t-.as. 1 ''ai [ r:/ -f-°,- ti ` ° 

, nr 
L4 . 

f - 

,' 

y ; a : -^.+' y 1131.':47-13,,(1141111- .05 ` 
.3- 

+ '' t . 
{ w_:w,.y.I,10! JdY. w ' ` ty - 

1F 1(:f" '. pP - r h ..r 
x - ` ,m 

t"' 
."-y_ -,- ..' I =Ir á + ' k 

[1, T" n:. 
'- i --: i. -e- i, f.. ' _--1I1` 1i, r+ - N i l e a j i _,' t'! . ' 

+9 t= p--4h ' -I '9 ,' d _ 

3`+J,` éC.$tiinií,` n - '. ijf+T;:ru'1= .'p. r -. 

._ i °r:, t [o. . ' '` 

cf.S 7 
> 
, ! _ '^ J . - 

- .A F - r , u 1 - 

Rd t s r¡F]- f JIJy . .1{r Qr. ; i r .J 
Ti t" 

3,1 . s _ L 

--ALL -1i.r . 

_. R 

g_ Ir- , Í'`f%e ;* 
14[ Clt+rj .-.r'- 711,1 

- :!-'-. ,Ia tt T4 ,rT' b, 

le' ' t' : '., ;s ¿-rs . ', ,._'G= . '31i 
_ 'P. , ó 

. 
A1 . 

/ 7c,,r,¡-._Ts e r.lyT u t - o . 
.'J } =' .ti} r i -Rrtr .' 41-21 c. r -it t~ s3 r.; , 

e7kyf _ t: -, =r2Y _ -ru II J g' _ , , } 
p''_ 1.Rñr;,,_ d=-_ 

, y' . - o '.l,a`y7 -n- ' : ,a7é- " :1. - c'-31 __ 
t 

14 3r i ~40 ' .`L' +11 ,?6- q- 47d - L 
-'q _ ' } ` "` , - _ 

r ' a _ 'y : 
'' 0_ ,1 J° b -;:'.:, 5 .. rr 1 ., .- r -,', '^a.. fu:r"+'.,7 g li i LT,. . A _.I ' LL .q.- -I 

I '(] ! r _ !'G y.(Nor,d 
'e I 

z 
`j 

- -1hi _..,. :-.._ ,- It n`..1`..'- 



The text of this lesson was compiled and 
edited by the following memoers of the 

Staff: 

G. L. Taylor 
President and Chief Engineer 

Midland Radio 6 Television schools, Inc. 

C. L. Foster 
Supt. of Instruct.on 

Midland Radio & Television Schools, Inc. 

C. V. Curtis 
:hief Instructor 

Midland Radio & Television :.chocls, Inc. 

R. E. Curtis 
Technical Draftirg 

Midland Radio & Television Schools. Inc. 





k, DIC MI D ' N D_1+ .,:D TÉLÉYISy1{ N . 
s i . S 

, 

I 

LOWER Sc LIGHT MELDING. LAMAS CITY. MISSOURI 

UNIT 
NC. 
1 

VACUUM 1-UI3E 

THEORY_ 

LESSON 
NC. 

7 



DETERMINATION 
SEE THAT YOUR DETERMINATION IS PROPERLY APPLIED. 

Determination is an element of human nature that 
can be either an asset or a liability. To clarify this 
statement for you, we will cite two typical examples: 
young men, both of whom were determined. For the sake 
of convenience, we will call them John and James. 

Jonn nad great visions of success. He basked in 
the radiance of his dreams that depicted him as a man 
of influence and means. Yet, he had no definite idea 
or plan as to just how he was going to make his dreams 
come true. when his parents suggested that he devote 
nis spare time to training which would prepare him for 
a worth while future, he simply scoffed at the idea. 
As time went on and John's parents and close friends 
continued to make suggestions that he do something to 
insure his future, he became more and more determined 
tnat ne would NOT do as they suggested. He. would do as 
HE WANTED TO DO. He had a mind of nis own and he would 
use it as he saw fit. 

The years slipped by and John's determination re- 
mained as fixed as ever. His pocket book also remained 
as slim as ever and his future just as vague. John's 
misdirected determination had simply robbed him of mon- 
ey, promotion, and the respect of his friends, who whis- 
pered, 'John is so determined. He just won't take ad- 
vice.' THIS KIND OF DETERMINATION IS A LIABILITY! 

James also had great visions of success. He, too, 
dreamed of his future just as John did. He developed a 
strong desire to establish himself in an industry that 
offered young men a future. When one of his friends 
suggested that ne 9et into Radio, James listened intent- 
ly. Then he investigated the possibilities of Radio and 
became so enthusiastic that he determined to secure the 
necessary training even though his finances were ex- 
tremely limited. 

He DID get the training, and he DID become a suc- 
cess in his chosen field. His bank account increased 
rapidly. He married, had a home and car of his own and 
won the admiration of his many friends, who whispered, 
'James is so determined. He just won't permit himself 
to become discouraged.' THIS KIND OF DETERMINATION IS 
AN ASSETI 

Determination will fire you with the energy and 
equip you with the bull -dog tenacity that will make you 
'stick to what you start' regardless of the obstacles 
which may confront you. Success is grand you want 
success YOU ARE DETERMINED TO HAVE IT AND YOU CAN 
HAVE AND ENJOY IT IF YOU PROPERLY DIRECT YOUR DETERMIN- 
ATION! 

Copyright 1942 

By 

Midland Radio á Television 
Schools, Inc. 

PRINTED IN U.S.A. 
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Lesson Seven 

VACUUM TUBE 
. THEORY 

"Here is the lesson for 
which you have been waiting. ' 

It is your first actual intro- 
duction 

4 . 

to a subject pertain- 
ing directly to Radio. I want 
you to remember this: The vac- 
uum tube te.the foundatton for the 
study of modern Radio and Teleutstonl 
Without the vacuum tube, there would be 
no Radio industry for you to enter. , 

"The information give' in this lesson is extremely important 
and I am sure you will find it easy to understand. However, even 
though the subject is easy, be sure to devote.a sufficient amount 
of time to its study so that you will have all of the facts firmly 
fixed in your mind. Remember, this lesson will be the basis for 
all of your future vacuum tube studies." 

1. THE USE OF VACUUM TUBES. The invention and development of 
the vacuum tube has probably been the -greatest forward step in the 
history of Radio and Television, because without it, the Radio art 
as we know it today.could not exist. Vacuum tubes are used in the 
design of a Radio or Television broadcasting station just as they 
must be used in the design of a Radio or Television receiving set. 
Vacuum tubes are employed to amplify the weak output of the micro- 
phone in the broadcasting studios. They are also used to generate 
the high -frequency alternating voltage necessary for Radio and Tel- 
evision transmissions. They are necessary to amplify the extremely 
weak currents produced in a receiving antenna, thus making it poss- 
ible for these currents to operate the loudspeaker, after passing 
through the necessary conversions. Vacuum tubes also make it poss- 
ible to operate a Radio receiver from the AC power supply lines, 
thus eliminating the use of batteries, as was required several years 
ago. The "shooting of a picture" by Television also depends entire- 
ly upon the function of several vacuum tubes, and likewise the trans- 
mission of Television signals, the reception of Television signals 
and the reproduction of.a Television picture would not be possible 
without the use of vacuum tubes developed to the degree of effici- 
ency as we know them today. - 

As well as being responsible for the modern artof Radio and 
Television, vacuum tubes are also employed quite extensively in the 
commercial field, especially by the telephone industry. Without 

1 



THOMAS A. EDISON 

An American investigator and invent- 
or in the field of electricity. In- 
vented the incandescent lamp, the 
phonograph, discovered the 'Edison 
effect', etc. 

the use of vacuum tube amplifiers, long-distance telephone commun- 

ications would not he possible. Vacuum tubes are employed in com- 
mercial power distribetion to control large amounts of electrical 

power. They measure all sorts of quantities, convert electrical 

energy for high voltage transmission, etc. 

The exact number of uses to which the vacuum tube may he ap- 

plied is unknown and newer developments appearing every day make 

the fact more apparent that the vacuum tube is one of the most use- 

ful tools in the modern electrical industry. Because of this, it 

is quite necessary for anyone entering the Radio -Television field 

to become very familiar with the operation of a vacuum tube so that 
Ise may understand the performance of present-day circuits and also 

secure for himself a foundation in order to understand future de- 

velopments as they appear. 

2. HISTORICAL DEVELOPMENTS OF THE VACUUM TUBE. The earliest 

experiments which contributed to the basic knowledge of the vacuum 

tube were performed between 1873 and 1889 by Guthrie, Elster and 

Geitel. The experiments performed by these scientists pertained 

mostly to the conductivity of gases at different pressures near 

heated solids and flanes. During the process of their experimenta- 

tion, they actually used a piece of apparatus which was a two -ele- 

ment vacuum tube. It consisted of a straight, electrically heated 

filament of carbon or metal, located inside a bulb and directly be- 

low a cold plate sealed into the top of the bulb. Since they were 

interested only in the scientific side of their experiments, they 

did not mention the possibilities of this device as a rectifier of 

alternating current. At the present time, this is one of the most 

important applications of a two -element vacuum tube; that is, rec- 

tifying an alternating current into a direct current. 
pith apparently no knowledge of the experiments of Guthrie. 

Easter and Geitel, Thomas A. Edison made what he considered a very 

important discovery in 1883. The apparatus with which he was exper- 

imentinr coincided very closely to that used by the other three sci- 

entists. At the time, Edison was experimenting with the incandes- 

cent Lstu . which he had recently invented. He noticed that some of 

the carbon filaments of the incandescent lamp developed "hot spots" 
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at certain points. These spots not only shortened the life of the. 
lamp, but caused the bulbs to blacken, due to the carbon particles 
projected in straight lines from these spots and deposited on the ' 

inside of the glass bulb. To investigate this phenomenon, he sealed 
into thebulb a plate, situated between the legs of the horseshoe- - 

shaped filament. Then he discovered that a galvanometer (current 
measuring device), connected between the plate and the positive end 
of the filament, would indicate a current, although no current flowed ' 

when the connection was to the negative end of the filament instead 
of the positive end. (See Figs. 1 and 2.) He concluded that in the 
first case, the current had evidently passed through the space be- 
tween the plate- end the. filament. This was very outstanding in 
Edison's estimation because here was oarrent flowing with apparently 
no conductor. This phenomenon has since been known as the Edison 
effect and is probably the actual starting, point of the modern vac- 
uum tubeb - 

--Evacuated Glass Bulb ' 

---NorseshoF21aped Filenlent 
---Metal Plate 

Galvanometer 

' .Voltage for Filament 

Originsl setup used by .(ig.2 
Edison. Current flows - 

through the galvanometer 
when connection is made 
to the positive side of 
the filament battery. 

'lamaa Fig 1., except 
connection Is made to 
the negative side of the 
filament battery. No. 
current flows. 

Í 

In the years 1884-11385, Preece made, a more thorough stud of 
the Edison effect. Preece proved that -the kind of metals used for 
the plate had no influence upon the'.effect, bet that the current 
was greatly influenced by the distance between filament and plate, 
the temperature of the'filament and the voltage difference between 
the plate and filament. Having no suitable. answer for the current 
flow scribes the space, he assumed that the current was carried by 
negatively charged particles of carbon, shot out in straight lines 
fromthe filament. Preece's conception of this action is very close 
-to-the actual explanation. 

J. J. Fleming .of England was the next scientist. who conducted 
I series of experiments on the Edison effect between 1889 and 1896. 
Fleming wma 'the filial to s ggest the. use of this device for recti- 

_ - Eying an altercating' current into a direct current and secured pat - 

3. 
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Dr. Lee De Forest 

;; 

Dr. DeForest hold- 
ing a gas -flame detector-u 
forerunner of the vacuum 
tube 

ents in Great Britain, United States and Germany, covering the use 
of the "oscillation valves", as lie called the device. Our modern 
vacuum tube, consisting of an electrically heated filament and a 
cold plate sealed in an evacuated bulb, is a two -electrode tube, 
corresponding very closely to Fleming's original developments, but, 
of course, not as crude in construction. The two -electrode tube is 
often called a "Fleming valve". 

As previously stated in our study, J. J. Thomson introduced the 
electron theory in 1897. The electron theory supplied the true ex- 
planation for the Edison effect. By using the electron theory, it 
is clearly shown that the current of electricity is not carried 
through the space between the filament and the plate by charged part- 
icles of carbon, but by the minute particles of negative electricity 
called electrons, which are emitted by the hot filament and attracted 
to the positively charged plate. 

4 



After Thomson proved this action, a number of outstanding ex- 
perimenters turned their efforts toward the development of the two - 
element tube. Among the most prominent, deserving of mention in 
this early work, are Richardson, Wehnelt and Langmuir. The larger 
part of their work consisted of attempting to secure a greater elec- 
tron emission from various materials when used as the filament of the 
tube. Also, these men are crediter1 with the introduction of var- 
ious gases in the tube, which since has led to the develornnent of 
our modern mercury vapor rectifiers. 

In 1907, Dr. Lee DeForest made an original and radical improve- 
ment in the vacuum tube by introducing a third electrode called the 
grid, between the filament and plate. This third electrcde is sit- 
uated in a position so as to control the flow of electrons from the 
filament to the plate. This "controlling action" of a three -element 
tube possesses tremendous advantages over the two -element tube . 

Whereas the two -element tube could be used only as a rectifier, with 
the introduction of the third electrode, the vacuum tube acquired 
new properties which opened up a tremendous field for commercial 
use. Under proper conditions, the three -element tube may be made 
to amplify a voltage; that is, a small voltage applied tc the grid 
circuit of a tube will appear in the plate circuit greatly magnified. 

For a brief period of time after DeForest's original invention, 
various experiments were performed on the three -element tube to im- 
prove its amplifying ability; then the vacuum tube was made avail- 
able to the commercial world. Such a device had been needed for 
several years by the telephone and wireless industry; hence, it was 
immediately put into use and in a short time was considered indis- 
pensable. The widespread use of the vacuum tube amplifier natural- 
ly led to additional experimentation, out of which has grown our 
modern Radio and Television industry. (See Fig. 3.) 

The importance of DeForest's invention of the three -element 
tube is recognized by scientists over the entire world and it is 
realized that through his efforts, our present telephone, Radio and 
Television industries have been made possible. For this reason, 
DeForest is often called the "Father of Radio".. Er. DeForest is 
still living at the time of this writing and is actively engaged in 
Television research work in California. 

3. THEORY OF THE TWO -ELEMENT VACUUM TUBE. Since the two, el- 
ement tube was the first form of a vacuum tube, it is well that we 
begin our study of this important device with this type. After se- 
curing a knowledge of the operation of the two -element tube, it will 
then be possible to add additional elements, one at a time, until 
we reach the final design of our modern multi -element tube. 

A two -element (often called two -electrode) vacuum tube consists 
of a filament and a plate. The purpose of the filament in the tube 
is to supply a source of free electrons which may be attracted to 
the plate of the tube, when the plate is made positive with respect 
to the filament. A detailed description of the electron emission 
from the filament of the tube is first necessary. 
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By the emission of electrons is meant the expulsion or "giving 
off" of electrons by a solid'or liquid body, usually not spontane- 
ously, but as a result of the'action of.certain physical agencies. 
There are. three important ways by which electrons are caused to, be 
emitted: 

1. Increasing the temperature of a body. 

2. Bombardment of'a body by rapidly moving ions, elec- 
trons 'or atoms. 

3. Radiations of sufficiently short wavelength falling 
upon a body. 

Electrons are spontaneously emitted from radioactive substances, 
but this form of emission is too weak to be of any importance as a 
source of free electrons for vacuum tubes, so it will not be. con- 
sidered further. The three types of emission just classified above 
according to the causes of emission are called, respectively: 

1. Thernionic emission. 

2. Secondary emission. 

3. Photoelectric emission. 

All three of these types of emission will be found to be of 
considerable importance in our study of Radio and Television. At 
the present time, however, we are mainly concerned with the emis- 
sion of electrons due to the increase in temperature of a body; that 
is, the thermionic emission. 

We have previously learned that every atom in any type of mat- 
ter is composed of one or more planetary electrons revolving around 
a central nucleus. We have also learned that under ordinary condi- 
tions of temperature, the electrons in the atoms of a substance are 
in a constant state of motion and possess some energy due to this 
motion. Now if there were no restraints for these electrons at the 
surface of the conductor, all of them meeting the boundary of the 
conductor and having a normal component of velocity would escape, 
thus giving an enormous emissioilof electrons from all bodies, even 
at a normal temperature. It is necessary, therefore, in order to 
explain this phenomenon, to imagine a surface restraint or barrier 
through which only those electrons having a greater force or veloc- 
ity than normal can penetrate and pass through the boundaries of the 
conductor. This surface restraint is thought to be due to the elec- 
trical attraction of the surface for the emerging electrons and may 
be likened to the surface tension of a liquid. In order for an e- 
lectron to penetrate this surface barrier, it is necessary for it 
to possess kinetic' energy at.least sufficient to overcome the re- 
straining force. Now as the temperature of a conductor is increased, 
the velocity of some of the planetary electrons in the conductor 
increases, andthese electrons possess a velocity sufficient to 
carry them through the surface barrier. The electrons which are 
emitted from the conductor charge the outside space negatively, 
leaving the conductor or body positively charged; hence, there will 
exist án attraction between the emitted electron and the conductor 
which tends to pull the electron back toward the conductor. This 
electron, when attempting to fall back into the conductor, will be 

Pertaining to motion. 
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repelled by other electrons which have later been emitted from,it,. 

At any'given temperature of the conductor, an equilibrium is estab- 

lished when just as many electrons attempt to return to the body as 

escape in any given interval of time. Thus, a cloud of electrons 

will be formed outside of this conductor, having a density and oc- 

cupying an area dependent upon the temperature. Now, if some ex- 

ternal body is,made positive with respect to this cloud of free e- 

lectrons, the positive charge being sufficient to draw the electrons 

across the space between them, then an electron flow will result 

from the heated conductor to the positively charged body. The elec- 

trons which are drawn away from the cloud of free electrons surround- 

ing the heated conductor will be replenished by additional electrons 

being emitted from the conductor. 
Applying this emission theory directly to the operation of a 

two -element tube, let us refer to the circuit as shown in Fig: 4. 

Electron Emission 

Rheostat to f control th 
j fílement cue rrent 

6V. 

Fig.* Two-element tube. 
The current flows 
through filament 
circuit as indi- 
cated by arrows. 

Here. we have a:six volt battery connected to the filament of a two - 

element tube with a rheostat in series to control the amount of 

current flowing through the filament wire. We know from previous 

study if a current. passes through a conductor, the conductor will 

become heated, the heat generated being. in proportion to the PR 
Law. 

When the temperature of the filament wire becomes sufficiently 
high, the velocity of the electrons within the filament will over- 

come the surface restraint, thereby flying out from the filament and 

forming a cloud of negative electrons around the filament wire. This 

cloud of negative electrons isgenerally called the "space charge". 
.It will net spread out over the inside of the,.evacuated glass or 

metal tube because of the attraction which the filament wire has 

for these electrons after they have been emitted from it. (The fil- 

anent wire will be positive with respect to its previous condition 

after the electron emission.) 
It is necessary to enclose this heated filament in a nearly 

evacuated bulb or space, because if the filament were heated to such 

a Mgt -temperature in open air, oxygen would combine with it, caus- 

ing it to burn. It is possible to increase the temperature of any 

body to a much higher degree in an enclosed space where nearly all 
of the oxygen has been removed than it is to increase the temperature 
of the same body in air, without the body becoming disintegrated by 

burning.' The space enclosed by the glass or metal tube in a so- 

called vacuum tube has had nearly all of the air and other gases 
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pumped from it and therefore can be called an evacuated space. It 
should he understood that this space is not a complete vacuum, but 
the oxygen and other gas content is so exceedingly low that the 
heated filament will not become damaged. 

4. FILAMENT CONSTRUCTION. Due to the difference in atomic 
structure of various conductors, some of them will emit electrons 
more readily than others when the temperature is increased by the 
passage of a current thróugh them. It has been found that the metals, 
thorium, barium, calcium and strontium, will emit a more abundant 
supply of electrons at relatively low temperatures than other ma- 
terials of reasonable cost; hence, they are used more commonly in 
.vacuum tubes to produce electron emission. None of these metals, 
however, is sufficiently strong mechanically to be made into a 

self-supporting filament. Hence, these metals are generally mixed 
with or coated on some other metal that has the necessary property 
of mechanical strength, such as tungsten, nickel or platinum. Tung- 
sten, nickel and platinum are all capable of withstanding a very 
high temperature without melting. Hence, they may be employed to 
carry the necessary current and to act as a rigid support for the 
electron -emitting material. 

One of the common types of filaments is the thoriated tungsten 
filament. This filament consists of a mixture of tungsten and thor- 
ium, the tungsten being used for mechanical support and electrical 
conductivity; while the thorium is employed for the electron emis- 
sion. Oxide ousted filaments are also popular in modern vacuum tubes. 
These types of filaments consist of a wire of tungsten, nickel, or 
platinum which has been coated with barium or calcium oxide. In 

this construction, the oxide is merely coated on the outside of the 
wire instead of being actually mixed with the wire as are thoriated 

tungsten filaments. Pure tungsten is also used as the electron 

emitter in some of the large transmitting tubes. 
As a comparison between these three types of filaments with 

regard to their electron emitting ability, for a given emission, 

the thoriated tungsten filament requires about one-half of the elec- 
trical heating power required by a pure tungsten filament, and an 

oxide -coated filament requires less than one-half the electrical 
heating power required by a thoriated filament. Thus, it can be 

seen that for a given electron emission, the oxide -coated filament 

requires the least electrical power, the thoriated tungsten is next 
and the pure tungsten filament requires the greatest amount of elec 
trical heating power. 

Regardless of the type of filament corstruction used, it is 

always employed solely for the purpose of producing a negative oloud 

of electrons around the heated filament wire. As stated before, 

this cloud of negative electrons is known as the "space charge". 

Bear in mind that the space charge is always negative because it 

consists of a quantity of negative electrons. 

5. THE PLATE OF THE TUBE. The second electrode in the two - 
element tube is"called the "plate". It consists of a circular or 
rectangular piece of metal, spaced from the filament. The plate is 
not in oontact with the filament wire. If a voltage is applied to 
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the plate in such a .lirection as to make the plate positive with 

respect to the heate.i filament, an electron flow will he established 

between the heated filament and the plate, due to the attraction 

which the positive plate has for the electrons in the space charge. 

The plate is made positive with respect to the filament as shown in 

Fig. 5. The current which flows across the space inside of the tube 

Filament 
Current 

6V. 

Plate Current 

11111 

90V. 

Fig.5 Two -element tuoe 
showing filament 
and plate circuit. 
Small arrows in- 
dicate filament 
currnt. Large 
arrows indicate 
plate current. 

between the filament and plate starts from the negative side of the 

90 -volt battery shown in Fig. 5. The current flows through the con- 

fleeting wire to the rheostat, through the rheostat, through one let* 

of the filament, from the filament across the gap to the plate, 

through the utilliammeter connected in the plate circuit, then re- 

turns to the positive terminal of the 90 -volt battery. The milli - 

ammeter in this circuit will indicate the amount of current flowing. 

This circuit is called the plate circuit. The path of the plate 

current in Fig. 5 is shown by the heavy arrows. The proper defi- 

nition for the plate circuit of a vacuum tube is that portion of the 

tube's circuit through which the plate current flows. 

The filament circuit of the tube consists of that portion of 

the tube's circuit through which the filament current flows. In 

Fig. 5, this is shown by the light arrows. The filament circuit con- 

sists of the filament of the tube, the rheostat, the connecting 

wires and the filament battery. The filament current leaves the 

negative side of the 6 -volt battery, passes through the filament 

wire inside the tube, through the rheostat, then returns to the pos- 

itive terminal of the 6 -volt battery. Notice how the plate circuit 

overlaps into a portion of the filament circuit. The rheostat and 

the connecting wires on the right side of the filament circuit serve 

as a portion of both the plate and the filament circuit. The rheo- 

stat could just as well have been connected between the negative 

side of the 6 -volt battery and the filament, because it is merely 

a series resistor used for the purpose of limiting the current 

through the filament circuit. Likewise, it is immaterial as to 

which side of the 6 -volt battery the negative terminal of the 90 - 

volt plate battery is connected. As long as the negative terminal 

of the 90 -volt battery is connected to some point in the filament 
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circuit, e. return path will be provided for the current flow through 

the plate circuit. If this connection were not made, there would 

not be a complete circuit end it would be impossible for plate cur- 

rent to flow. 
The importance of the heated filament. wire must be -realized, 

because were it not for the current passing through the filament, 

causing. its temperature to rise to the point.where emission occurs, 

there would be no electrons available in the space surrounding the 

filament that could be attracted to the.plate of the tube; hence, 
there could. not be a plate'current flow.. 

The flow of plate current is made possible by the -electron 

emission from the heated filament (supplying a source of free elec- 

trons) and the attraction exerted by the positive plate. Suppose 

that the connections to the 90 -volt battery were reversed as shown 

in Fig. 6. In this diagram, filament current will flow through the 

fig.¢ Two -.element tube 
circuit with plate 
battery reversed. 
No plate current 
flows because the 
plate is negativi 
with respect to 
the filament. 

.filament circuit as shown.i.Since the plate .of the tube is made 

negative with respect to the. filament (due. to the.reversed connec- 

tions of the 90 -volt battery), there will "be'no flow: of current 

through the plate circuit. The reason for no plate current flow 

can be seen by realizing that the space charge surrounding the 

heated filament consists of negative electrons which can be at- 

tracted only to an object which is positive. Since the`plate of 

the tube is negative, there will be á repulsion against the elec- 

trons In' the space charge instead of_an attraction. If no elee- 

trons'can pass across the space between. the filament and the plate, 

the plate circuit is incomplete (equivalent to opening a switch in 

any electrical circuit) and. no plate current will flow. The'fact 

that plate current will flow when the plate of a tube is made pos- 

itive, but will not flow when the plate is made negative represents 

one very important application of a modern vacuum tube-íts use as 

a rectifier . This was the only application bf'the two -element tube 

before 1907. - 

6. GSARACl'ER STICS OF A TWO -ELEMENT TUBE. In all vacuum tube 

operations, we are primarily interested in a 'control of the current 

in the plate circuit. In,a two -element tube, let ás see what fac- 

tors will affect this current flow. 
A rectifier is a device for changing AC to pulsating DC. 
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Hirst, let. us see how acha.nge in the temperature of the filament 
hill affect, the plate current. As previously stated, the tempera- 
ture of the filament (within limits) will determine the electron 
emission from the fi lament. The number or quantity of electrons in 
the space charge will, in turn, control the total number of elec- 
trons per second which pass to the plate of the tube; hence, the 
plate current will be affected by the temperature of the filament. 
The temperature of the filament depends on the current passing through 
it. and its resistance (PR Law). Assuming that the resistance re- 
mains constant, the current passing through the filament will be 

responsible for the filament temperature and the ;mount of current 
flowing in the plate circuit. The filament current can he varied 
by changing the movable arm on the rheostat in the filament cir- 
cuit. If the rheostat is adjusted to reduce the filament current, 
there will be a weak electron emission from the filament and the 
plate current will he practically zero. If the filament. voltage 
is cut off entirely, the temperature of the filament will drop be- 
low the point necessary for electron emission and there will be no 

flow of plate current. As the resistance of the series rheostat is 
decreased, al lowing more current to flow through the filament circuit, 
the temperature of the filament will rise, giving an increased elec- 
tron emission and an increase in plate current. 

The filaments of all vacuum tubes are designed to operate ef- 
ficiently at a certain temperature, beyond which they are apt to 
he burned out. Before applying a voltage to the filament of any 
tube, the manufacturer's specifications should always be consulted 
in order to make certain that the voltage applied does not exceed 
the rating of the tube. Burning out the filament wire will render 
the tube useless. 

If the voltage applied to the filament is set to the value 
recommended by the manufacturer, a variation in plate voltage will 
change the plate current. To vary the plate voltage applied to the 
tube, let us use the circuit arrangement as shown in Fig. 7. A 

6V. 135V. 

Fig.7 Illustrating how 
the plate voltage 
may be varied by 
Changing the po- 
sition of the mov- 
able arm 8 on the 
potentiometer. 

potentiometer is connected across the 135 -volt battery. If the 
movable arm (B) of the potentiometer is at the left of the poten- 
tiometer (A), the plate of the tube will be connected directly to 
the negative side of the 135 -volt plate battery and there will be 
no voltage difference between the plate and the negative side of 
the filament. As the movable arm (B) of the potentiometer is moved 

to the right (toward C), the voltage applied between the plate and 

negative side of the filament will he increasing. Upon reaching 
the extreme right side of the potentiometer (C), the maximum plate 

12 



voltage of 135 volts will be applied between plate and filament. 
By varying the position of the movable arm (B), it will benossible 
to change the plate voltage applied to the tube from 0 to 135 volts. 

Assuming that the temperature of the filament remains steady, 
there will be a constant supply of'electrons around the heated fila- 
ment wire. if the plate voltage is reduced to zero, there will be 
no attraction for the electrons from the space charge to the Plate; 
hence, the millianmeter ccnnected in the plate circuit will be read- 
ing zero. As the plate voltage is gradually increased, the attrac- 
tion of the plate for the negative electrons will be increasing, 
resulting in an increased number of electrons passing to the plate 
of the tube; hence, a greater flow of plate current will be indi- 
cated on the milliammet.er. The plate current will continue to rise 
as the plate voltage is made higher and the maximmn plate current 
will he obtained with this arrangement when the plate voltage is 

135 volts. 
The plate current in gliuen two -element tube will depend upon 

the uoltaée applied to the plate and the imitate applied to the 

filament. Since a variation of either filament voltage or plate 
voltage will affect the number of electrons passing from filament 
to plate, it would not be correct to state that the plate current 
depends upon either one of these alone, but upon the combined effect 

of the two. It should be remembered that any alteration whatsoever 
that changes the number of electrons passing from the filamentto 
the plate will affect the plate current in any vacuum tube. 

The student will recall that the current flow is always in the 
same direction as the electron flow, because it has been proved that a 

current flow actually consists of an electron movement. Other so..rces 
of technical information may State that the plate current flows from 
the plate to the filament in a vacuum tube. This conception of the 
direction of plate current flow is in keeping .ith the old conventional 
idea that Current flows from positive to negative. The modern and cor- 
rect direction of current flow has been adopte7 in this course and all 
explanations are based thereon; in other worts, we shall always say 
that plate current flows from the filament to the plate. 

There is a definite limit as to the nat.xiunun plate voltage which 

ma) be applied to a given tube, the same as there is a licit to the 

filament voltage. These voltages are all specified by the manufac- 

turer of the tube and are dependent entirely upon the design of the 
tube itself. We will later find that the increases of rlate cur- 
rent are not always in direct proportion to the increases of fila- 
ment or plate voltage. These problems will he discussed in detail 
and graphs will he plotted to show the exact relationship between 
the filament voltage and plate current; also, between the plate 

voltage and plate current. This work is done in Lesson 12. 

7. THE THREE -ELEMENT TUBE. The introduction of the grid be- 

tween the filament and the plate constitutes what is lnown as a 

three -element tube. The grid is generally in the form of a metal- 
lic mesh or a coil of wire with wide spacing between the turns. A 

cross-sectional view showing the location of -the elements in a three - 
element tube is shown in Fig. 8. The sy .bol used in wiring diagrams 
for the three -element tube is shown in Fig. 9 and a bottom view of 

13 



the tube's base, showing to which prong the various elements are 

connected is shown in Fig. 10. 

Grid 

.Filament 
--Grid 

--Plate 

Filament 

Fig. 9 

Fig. 8 

Plate 

Fig. 10 

DD1,DM Yi[w 

Fig. B Cutaway drawing of a three -element tube showing filament. 
grid and plate. 

rig. 9 Symbol for three -element tube as used on wiring diagrams. 

Fig.10 Bottom view of tube base indicating the respective prongs. 
The filament prongs are always larger than the grid and 
plate prongs. 

The construction of the three -element tube is such that the 

filament is in the exact center, surrounded by the open grid wires, 

which, in turn, are enclosed by the thin, solid, metal plate. The 

electrons emitted from all sides of' thr filament are attracted by 

the plate. In order to reach the plate they must pass through the 

oven spaces in the grid winding or mesh. Since the electrons must 

Hass through the grid windings in order to reach the plate, if a 

voltage is applied to the grid whiclris either positive or negative 

with respect to the negative side oftlre filament, the stream of e- 

lectrons to the plate will he affected by the grid voltage. If, how- 

ever, the girl of the tube is connected directly to the negative 

side of the tube's filament, the grid will be at the same potential 

as the filament and will have ro effect whatsoever upon the elec- 

tron stream. The ní: i I it.y of tite grid to affect the passage of elec- 

trons from the filament to the plate is responsible for the ampli- 

fying ability of a three -element tube; hence, a detailed discussion 
^.s to the manner of this control is necessary. 

8. THE ACTION OF THE GRID. In. Fig. 11, we have shown a cir- 

cuit, similar to that in Fig. 5, except for the addition of the C 

battery and the grid of the tube. Notice that the plate and fila- 

ment circuits in Fig. 11 are the same (except that the filament 

control rheostat is in the negative lead); hence, if the filament 

or plate voltage is varied, the plate current will he changed. Now 

let us assume that the rheostat in the filament circuit isad,justed 

until there are exactly 250 ma. (.25 ampere) flowing through the 

filament. wire. This amount of current will be sufficient to secure 

the necessary electron emission. Also, let us assume that a fixed 
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Fiy.11 Three -element tube circuit. C battery is connected so as 
to make the grid negative with respect to the negative siae 
of the filament. 

voltage of 90 volts is applied between plate and filament by the It 

battery; then a certain amount of current will be flowing through 

the plate circuit as reac on the tailIiammeter. :Now, let us examine 
the effect, of the C battery and the grid of the tube on the plate 

current flow. Notice that the positive terminal of the C (grid) 
battery has been connected to the negative side of the A (filament) 

battery and that, the negative terminal of tle C battery is connected 
directly to the grid of the tube. Sins.. the C hatt.er> produces 4 

volts of electrical pressure, the grid of the tube will be negative 
with respect to the negative side of the filament by an amount equal 
to 4 volts. The potential (voltage) of the electrons in the space 
cltttrre surrounding the heated filament is always considered to he 

the sane as the negative side of the filament; hence, the grid of 
the tube will be negative with respect to the electrons in the space 
chan.te. This will cause a repulsion to exist between the grid and 

the negative electrons in the space chariTe. If theattraction which 
the plate has for the spare charge electrons is not sufficiently 
great to overcome this repulsion, there will be no electron flow 
through the grid to the plate ofthe tube. In modern tubes, a neg- 
ative potential of 4 volts on the grid will not he sufficient to 

entirely prevent the passage of electrons toile plate; however, it 

will cause aconsiderable reduction. Manv more electron: will pass 

to the plate if the grid is not made negative. If the voltage of 
the C battery is reduced, for example, to 2 volts, then there will 

be less repulsion against the electrons when they attempt to pass 
through the grid wires to the plt.te, resulting in a greater elec- 
tron flow and more current indicated by tie ¡ti l l i mur,eter in the 

plate circuit. On the other hand, if the voltage of the C battery 
is increased to, say, 6 volts, the grid of tite tune will he wade 
more negative than before, causing a greater repulsion against the 
negative electrons, thus allowing fewer of' them to pass to the plate 

and there will be less current flowing in the plate circuit. ltv 

increasing the voltage of the C battery to a sufficiently high value, 
it will be possible to produce such a tren:endons repulsion against. 
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the electrons in the space charge that the passage of electrons to 
the plate is entirely stopped, thus reducing the plate current com- 
pletely to zero. Tbis condition is possible regardless of the fixed 
positive voltage applied to the plate. 

As stated before, if the grid were connected directly to the 
negative side of the filament, there would be no effect whatsoever 
on the electron passage from filament to plate. A circuit illus- 
trating this connection is shown in Fig. 12. Since the potential 

Fig.12 Three -element tube 
circuit with the 
grid connected di- 
rectly to the neg- 
ative side of the 
filament. No volt- 
age difference be- 
tween the grid and 
the negative side 
of the filament. 

(voltage) of the grid is neither negative nor positive with respect 
to the negative side of the filament, it will not exert a repulsion 
nor an attraction on the space -charge electrons. Under this condi- 
tion, the three -element tuhe will perform in a nanner similar to 
the two -element tube. 

If the connections to the C battery are reversed, that is, the 
positive side of the C battery is connected to the grid and the 
negative side of the C battery is connected to the negative side 
of the A battery, the uuhe will act in an entirely different manner. 
A circuit of this kind is shown in Fig. 13. The grid of the tube 

r 
Grid Current 

us/. 6V. 

hi'I I I 

^8^ 
90V. 

Fig.13 Three -element tube circuit with positive grid. Grid cur- 
rent will flow and the plate current will be high. 

is now made positive with respect to the negative side of the fila 
ment. Remember that this also makes the grid positive with respect 
to the electrons in the space charge. Since the grid is now posi- 
tive, it will attract electrons from the space charge the same as 
the plate. This means there will be a current flow from the nega-. 
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live terminal of the C battery to the filament across to the grid, 
through the grid milliammeter and back to the positive terminal of 
the C battery. This path of grid current flow is shown by the ar- 
rows in Fig. 13. 

The actual surface area of the grid wires exposed to the elec- 
tron stream is very small; so this grid current flow will not be 
of any appreciable amount unless the grid is made highly positive 
with respect to the filament. Since the surface area of the grid 
is so small, quite .a number of those electrons which the grid at- 

tracts from the space charge will fly through the open spaces be- 
tween the grid turns and come into the field of attraction pos- 
sessed by the positive plate. This results in a much higher plate 
current flow than would ordinarily exist with the given filament 
and plate voltages. The grid, in effect, is partially neutralizing. 
the space charge, thus allowing a greater quantity of electrons to 
be emitted from the filament. (Remember that the repulsion of the 
negative space charge against the filament tends to prevent the 
emission of electrons.) This larger number of electrons will be 
attracted to the grid and plate. The number of electrons which 
the grid receives will be in proportion to its voltage and its sur- 
face area; likewise, the number of electrons which the plate.re- 

ceives will be in proportion to its voltage and surface area. Be- 
cause of the higher voltage and greater surface area of the plate, 

the Majority of these additional electrons will pass through the 
open spaces between the grid wires and strike the plate, resulting 
in a much greater plate current flow. 

Summarizing the foregoing information, we have: 

(1) If the grid of the tube is connected directly to the neg- 
ative side of the filament, the tube will function exactly 
the same as though the grid were not present. 

(2) If the grid of the tube is made negative with respect to 
the negative side of the filament, the plate current flow 
will be reduced below the value that would flow if the grid 
were not present in the tube. It is possible to increase the 
negative voltage on the grid (with respect to.negative 
filament) until the current flow to the plate is entirely 
stopped. As long as the grid of the tube is kept negative, 

there will be no flow of current through the grid circuit, 
because the negative grid will not attract the negative elec- 

trons. 

(3) If the grid of the tube is made positive with respect to 
the negative side of the filament, electrons will be attracted 

to the grid, resulting in a slight flow of grid current. At 

the same time; ahigher flow of plate current will result, be- 
cause the presence of the positive grid in the midst of the 

negative space charge tends to neutralize the space charge, 
thus allowing a greater electron emission and, hence, ahigher 
plate current. 

Since the grid of the tube is so effective in determining the 
amount of current which will flow in the plate circuit of a vacuum 
tube (when the filament and plate voltages are constant), it is log - 
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ical that we should refer to the grid as the "control element". Its 

action may be likened to a water valve whereby when the valve is 

opened (the grid is made positive or less negative), more water 

would flow through a hydraulic circuit (higher plate current) and 

if the valve were closed (grid is made more negative), less water 

would flow through a hydraulic circuit (lower plate current). A 

vacuum tube is called a "valve" in Europe for this very reason. 

The ability of the grid to either increase or decrease the 

plate current is of exceedingly great importance in all Radio and 

Television work. This property enables the vacuum tube to produce 

comparatively large currents in its plate circuit by impressing a 

very small voltage on the grid circuit. 

9. MEASURING VOLTAGES. In all vacuum tube circuits, it is 

essential that the tube be operated under the conditions specified 

by the manufacturer in order to secure best results from that tube. 

In later lessons, we will explain the function of the vacuum tube 

as an amplifier, detector and as a generator of radio -frequency 
voltages. In each case, a definite voltage must be applied to the 

filament, the plate and the grid in order to secure the desired re- 

sults. The plate voltage, the filament voltage and the grid volt- 

age are the three voltages which must be at the correct value when 

operating three -element tubes. When referring to or measuring these 

voltages, it is necessary to establish some reference point in the 

tube's circuit. When a DC voltage (a battery) is being used as the 

filament supply, the negative side of the filament is used as the 

reference point. 
To measure the filament voltage, a voltmeter should be con- 

nected between tie positive and negative sides of the filament as 

shown by V1 in Fig. 14. The rheostat R may be adjusted until the 

11111-1111 
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Fig.14 Diagram with meter connections indicated :o measure fila- 
ment voltage, plate voltage, grid voltage, plate current 
and grid current. 

voltage across the filament as read on meter V1 is the value spec- 

ified by the manufacturer. If, for example, the voltage of the A 
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battery is 6 volts, then the rheostat R should -be adjusted until 
the voltmeter V1 is reading exactly 5 volts for this particular 
tube. Next, to measure the plate voltage, avoltmeter must be con- 
nected between the plate end the negative. side of the filament. 

This position for. the voltmeter is shown by meter Y. The B bat- 
tery is supplying the plate voltage; however, the 6 -volt A battery 

is in series with the 9volt B battery; hence, voltmeter V: should 
be reading 96 volts. As stated before, it is immaterial as to which 
side of the A battery the negative side of the B battery is con- 
nected. If the negative side of the B battery were connected to the 
negative side of the A battery, then the voltmeter Y, would be read- 
ing only 90 volts. The 6 volts supplied by the A battery is only 
a small percentage of the total plate voltage of 90 volts supplied 

by the B battery, so it is generally disregarded. 
Next, to measure the grid voltage applied to the tube, we shall 

connect the voltmeter Vs between the grid and the negative side of 

the filament, making certain that the positive terminal of the 

voltmeter is connected to the negative side of the filament and the 

negative terminal of the voltmeter is connected to the grid of the 

tube. As you will notice, this voltmeter is directly across the C 

battery with the positive of the C'battery connected to the posi- 

tive of the meter. The meter Vs will be reading 4.5 volts. Whereas 

the negative. terminal of the B battery may be connected to either 

the positive or negative of the A battery without seriously affect- 
ing the tube's operation, the positive terminal of the C battery 

must alms be connected to the negative side of the filament. 

10. GRID BIAS. With the positive side of the C battery con- 

nected to the negative side of the A battery in Fig. 14 and with the 

negative side of the C battery connected to the grid of the tube 

(through milliammeter MA:) , the grid of the tube will be made negative 
with respect to the negative side of the filament. Thevoltage 
difference between the grid and the negative side of the filament, 
when no voltage is being amplified is known as the "grid bias". 

The voltages applied to the filament endplate are always called the 
filament voltage and plate voltage respectively; however, the fixed 

voltage applied to the grid of a tube is called the grid bias volt- 

age. 
the definition for grid bias to "the fixed voltage difference 

between the grtd and the negative side of the filament when no al- 

ternating voltage to be amplified is applied to the grid circuit." 

If the grid of the tube is made negative with respect to the negar 

tive side of the filament (see Fig. 11), the tube is said to have 

a negative bias applied. If 'the grid is connected directly to the 

negative side of the filament as shown in Fig. 12, the tibe is said 

to have a zero bias. If the voltage applied between the grid and 

the negative side of the filament is in the direction as shown in 

Fig. 13, the tube is said to have a positive bias. 
As long as the grid of a tube is kept negative with respect to 

the negative side of the filament, it cannot attract the electrons. 

inthe space charge, so no current will flow through the grid cir- 
cuit. There will be no flow of grid current through the grid cis 
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cuit in Figs. 11 and 12. In Fig. 13, however, the grid is made 
positive with respect to the negative side of the filament; hence, 
the electrons in the space charge will be attracted and grid cur- 
rent will flow. In Fig. 12, where the grid is at the same poten- 
tial as the negative side of the filament, it may be that a few óf 
the electrons passing through the grid to the plate will strike the 
grid wires and since there is -no repulsion, these electrons may 
stick to the grid turns. They will then return back to the nega- 
tive side of the filament -through the external grid circuit. Thus, 
a very small grid current may flow, even when the tube has a zero 
bias. 

11. TUBE DETERIORATION. The voltages applied to the vacuum 
tube circuit shown in Fig. 14 correspond to the manufacturer's 
specifications for a type 01-A tube. With these voltages applied, 
a plate current of 2,5 ma. will flow in the plate circuit (assum- 
ing that the tube is in good condition). After any vacuum tube has 
been in operation for a period of time (usually 1,000 hours, or 
more), the electron emitting material on the filament will become 
weak, resulting in a decreased. electron. emission. Then, the, space 
charge will not consist of as large a quantity of negative elec- 
trons and with the specified voltages applied to the filament, grid 
and plate, the plate current will be less than normal:. When the 
filáment emission of a tube becomes só,low that the operating char- 
acteristics of the tube are. affected, it will no ,longer function 
properly in the circuit and it is necessary to replace it with á 
new tube. Tubes having a thoriated tungsten filament may be "re- 
activated". The reactivation process consists of applying a higher 
voltage than normal to the filament for' a short period of time, 
thus causing the thorium atoms in the center of the tungsten wire 
to be driven towards the outside. Reactivation will alter the con- 
dition of the filament and make it possible to secure sufficient 
electron emission for a short period of time; however, it is not 
as satisfactory as replacing with a new tube. Thoriated tungsten 
filament type tubes are the only type which can be reactivated. 
Those tubes employing en oxide -coated filament will not respond to 
reactivation. 

12. ABBREVIATIONS. The letters A,' B and C are always used 
to designate the supply voltage for the filment, plate and, grid 
respectively. The A battery generally consists of a storage bat- 
tery si.milar,to those used in automobiles. A battery of this type 
is necessary for -filament' supply, because of the high current drawn 
by the. filament. 

The B batteries used for plate supply usually consist of sev- 
eral, small 1.5 -volt dry cells connected in series to secure a.high- 
er voltage. The average B battery,is capable of delivering a cur- 
rent of approximately 50 ma. If a -higher current than, 50 ma. is 
drawn from an ordinary B battery, the result will be a rapid deple- 
tion (wearing out) of the chemicals aid the battery will not give 
satisfactory service, over the length Of time specified by the man- 
ufacturer. 
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The C batteries used for grid bias are also constructed' with 
small dry cells connected in series. The ordinary voltages pro- 
duced by C batteries are 1.5, 4.5, 9, 13.5 and 22.5! The dry cells' 
used for C batteries are always much smaller then those used for B 
batteries. The C battery is slot designed to have any current drawn 
from it, since it is always used merely to make the voltage of:the 
grid negative with'respect- to the negative side' of the filament. 
In most vacuum tube applications, especially if the tube is to: be 

operated as a voltage amplifier, the grid is always kept at a neg- 
ative potential (respective -to negative filament) and no grid cur- 
rent will flow. Fig. 15 shows typical A, B and'C batteries Mused 
for radio work.. 

'C' Batíery 

''A Battery - 

5 

''B; Battery 
y 

Fjg._ib ' hotographs of A, ,B, and G batterieá.: 

13. ELECTRON EMITTERS FOR AC ̀ 1ORS.. In all -of the circuits' 
given so far, the voltage supply for the filament of the tube has- 
been a battery. With a battery supplying the voltage,, a pure DC 
current passes through the filament wire. When pure DC passes 
through the.filament, the temperature of the filament will remain 
constant and the space charge will" not vary. We know that if the 

temperature of the filament is decreased, the emission will de- 
crease, end if the temperature of the filament is increased, the 
emission will increase. In other words, the filament emission and. 
the space charge depend upon the temperature of the filament; hence, 
if the temperature is varied, both will change. From the I=R Law, 
we learn that the temperature of the filament depends upon the cur= 
rent passing through it and its resistance. Assuming that the fil- 
ament resistance remains constant, as the cúrrent passing through 
the filament wire isvaried, the filament emission, the space charge, 
and the plate current will all change. 

21 



In modern vacuum tube operation, the voltage supply for the 
filament is usually secured from an AC source, rather than from a 
battery. Suppose, for example, that a 6 -volt 60 -cycle AC generator' 
is connected to the filament as shown in Fig. 16. The current pass - 

6V AC 

Generator 

c 

Fig.16 Three -element tube circuit with an AC generator being used 
for the filament voltage su°.ply. 

ing through the filament wire will be a 60 -cycle AC current. Two 
cycles of this 60 -cycle current are shown at the right side of 
Fig. 16. As the AC current increases in amplitude on its positive 
alternation (from A to B), the temperature of the filament will 
rise. Then as the AC current decreases in amplitude on the posi- 
tive alternation (fron B to C), the temperature of the filament will. 

decrease. Likewise, on the negative alternation, the increase of 
current (from C to D) will cause the filament temperature to again 
rise, and as the current decreases (from D to E), the temperature 
will drop. We previously learned that the filament voltage is ef- 
fective in controlling the plate current. So, if the filament volt- 
age varies at a 60 -cycle rate, the space charge will vary accord- 
ingly and the plate current will increase with every rise of fila- 
ment temperature and decrease with every decrease of filament temp- 
erature. Since the filament temperature is maximum twice during 
each cycle of AC current through the filament (at points B and D), 
the plate current will pulsate 120 times per second. These plate 
current pulsations will be fed through following amplifying stages 
(assuming that this tube is being used in a radio receiver) and a 

disagreeable 120 -cycle hum will be produced from the speaker of the 
radio set. This hum is extremely objectionable and must be prevented. 

There are two ways of preventing this hum when AC is used as 
the filament supply. The first and more popular method is shown in 
Fig. 17. The construction of the electron emitter is in two parts 
instead of one. The CO -cycle AC current is passed through the fil- 
ament wire the same as in Fig. 16; however, the filament wire it- 
self is not prepared with electron emitting material; hence, no 
electron emission will occur from the filament wire. In order to 
distinguish the filament wires which do not emit electrons from 
those which do emit electrons, those wires which do not emit elec- 
trons are called "heater" wires and from now on will be referred 
to as such. They are called heater wires because their sole pur- 
pose in the tube is to produce heat. Referring to Fig. 17, a 
metal sleeve called the "cathode" is placed down over the heater 
wire with an insulating material serving as separation. When the 

' Notice the symbol used Ior an AC generator in Fig. 16. This is the symbol al- 
ways used on wiring diagrams. 
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heater wire becomes hot, the metal sleeve (cathode) will also be -- 
Come heated, because of the radiation from the heater wire. Due 

to the mass of the large metal sleeve, its temperature will remain 
constant after it has once become heated, regardless of the current 
changes through the heater'wire. The -electron emitting material is 

coated on the outer surface of the metal sleeve. There is no direct' 

electrical connection between therheater and the cathode. 

With this type of construction 
it can be seen that as soon as the r 
cathode becomes sufficiently heated 
to emit electrons, the emission" l; 

£ 
.--Eluting 

tron 

thereafter will be at a steady rate, cat 
i ng 

regardless of the AC current changes }' 

through the heater Lire. The plate t 

I 

current, therefore, will not flue- 11 

tuste at a 60 -cycle rate and no hum ti", 

will be produced. This heater y 
cathode construction of the elec- 

t tren emitter is known, es the "in- , 

directly heated cathode".. This a 

expression -means that the emission pdoes 

not come directly from the "eater Wire 

í wire through which the heating cur- 
rent flows, but rather from another 

) surface which is heated -by radio- 15 

tion from the conducting wires. ? Insulation 
The addition of the cathode : 

i. 

twthe tube does not mean that an- 
other element has been added, so r, 

this type tube. is still -called a 

'three -element tube. Tubes of this ` ... 

type require five prongs -on -the ~al ' sleeve 
base, the additional prong being - 'calmer ' 

necessary for the cathode. ..Since 

the electron emission is directly Fto,-7 .Enlarged drawing 
from the cathode, the negative ter- showing 

owingotheon 
con- 

ning of the plate battery must be structIneater 

- cathode 
connected to the cathode in order emitter. 

to make the plate circuit complete. 
(See Fig. 18.) Connecting the negative terminal of the plate . bat- 

tery to either. side of the heater. wire would not maim the plate cir- 

cuit complete because there is no electron flow from the heater 

wire to the plate. 
Fig. 19 shows the symbol used in wiring diagrams for the in- 

directly heated three -element -tube and Fig. 20 shows a bottom vie* 

of the prongs on the tube base.. 
The other method of constructing the electron emitter to pre- 

vent the production of hum in a receiver.is to use a large, ribbon- 

like filament wire instead of a small, fine wire. If a large rib- 

bon of wire is used for the filament, when its. temperature reaches 

the electron emitting point, It will not cool and beet rapidly as 

'the IC current passes through it. There will, however, le every 

.1 

p 

I 



slight fluctuation of temperature, so this method of construction 
is really not as satisfactory as the indirect heater -cathode type 
of construction. By inspecting a manufacturer's tube manual, you 
will find that there are several power amplifier tubes employing 
the ribbon type of filament construction. This is known as a di- 
rectly heated filament (sometimes called a directly heated cathode). 

Cathode connected 
to negative of 
plate battery 

Fig. 18 

Grid Plate 

atnode 
BOIIOM VIEW 

"eatert 
Fig. 19 Fig. 20 

Fig.18 Diagram illustrating that the negative side of the plate 
battery must be connected to the cathode in order to make 
the plate circuit complete. 

Fig.19 Symbol for a three - element heater - cathode type tube. 
F ig.20 Bottom view of tube base indicating the respective prongs. 

The heater prongs are larger than the others. 

This name is applied because the electron emission occurs directly 
from the wire through which the heating current flows. Tubes of 
this type are generally employed as the last amplifier tube in a 

radio receiver. Since there are no amplifiers following this tube 
to increase any hum which might be developed, the hum level in the 
speaker will be sufficiently low as to be negligible. 

Several of the high-powered tubes used in the design of radio 
transmitters employ filaments of the directly heated type, but 
nearly all of the tubes manufactured for use in radio receivers 
are of the indirect heater -cathode type. 

Several combinations of words that are frequently used when 
speaking of vacuum tubes are abbreviated with letters. The more 
important abbreviations are given in the following table: 

P = Plate 
F = Filament 
G = Grid 
H = Neater 
C = Cathode 

F,p = Plate Voltage 
Ef = Filament Voltage 
Ef = Heater Voltage 
Ec = Grid Bias 
Ip = Plate Current 
If = Filament Current 
Ig = Grid Current 
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CONVERSION TABLE 

MULTIPLY BY TO OBTAIN 

Amperes X 1,000,000,000,000 Micromicroamperes 
Amperes X 1,000,000 Microamperes 
Amperes X 1,000 Milliamperes 
Cycles X .000,001 Megacycles 

Cycles X .001 Kilocycles 
Farads X 1,000,000,000,000 Micromicrofarads 
Farads X 1,000,000 Microfarads 
Farads X 1,000 Millifarads 

Henrys X 1,000,000 Microhenrys 
Henrys X 1,000 Millihenrys 
Horsepower X .7457 Kilowatts 
Horsepower X 745.7 Watts 

Kilocycles X 1,000 Cycles 
Kilovolts X 1,000 Volts 
Kilowatts X 1,000 Watts 
Kilowatts X 1.341 Horsepower 

Megacycles X 1,000,000 Cycles 
Mhos X 1,000,000 Micromhos 
Mhos X 1,000 Millimhos 
Microamperes X .000,001 Amperes 

Microfarads X .000,001 Farads 
Microhenrys X .000,001 Henrys 
Micromhos X .000,001 Mhos 
Micro -ohms X .000,001 Ohms 

Microvolts X .000,001 Volts 
Microwatts X .000,001 Watts 
Micromicrofarads X .000,000,000,001 Farads 
Micromicro-ohms X .000,000,000,001 Ohms 

Milliamperes X .001 Amperes 
Millihenrys X .001 Henrys 
Millimhos X .001 Mhos 
Milliohms X .001 Ohms 

Millivolts X .001 Volts 
Milliwatts X .001 Watts 
Ohms X 1,000,000,000,000 Micromicro-ohms 
Ohms X 1,000,000 Micro -ohms 

Ohms X 1,000 Milliohms 
Volts X 1,000,000 Microvolts 
Volts X 1,000 Millivolts 
Watts X 1,000,000 Microwatts 

Watts X 1,000 Milliwatts 
Watts X .001 Kilowatts 

Courtesy : Hyg ralle Sy 1 van i a Corp. 
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JAMES WATT 
..determined perseverance brought him glory and success.' 

James Watt, the inventor of the steam engine, was 
born in the modest little town of Greenock, Scotland, in 

the year 1736. Like many other famous men of history, 
he, too, started life in an atmosphere of poverty and 
with the added handicap of delicate health. In his ear- 
ly life he showed an unusual interest in things of a 
mechanical nature and made an electrical machine that 
startled his friends with shocks. But the object of his 
greatest interest was the teakettle which spouted steam 
in the kitchen. Little did those who perhaps wondered at 
his interest in such a commonplace kitchen utensil real- 
ize that James and the teakettle were to startle the 
world with a new form of motive power. 

When he was eighteen years of age, he went to Glas- 
gow to learn the trade of making mathematical instru- 
ments, but meeting with no success, he finally went to 
work for.a watchmaker so that he might learn his trade. 
He received no money for his work and was even required 
to pay the watchmaker one hundred dollars for a year's 
teaching. This he earned by doing odd jobs of a varied 
nature. Life became a dark, discouraging struggle and 
perhaps James never would have achieved success had he 
not met and married Margaret Miller, whom he loved dear- 
ly. Margaret cheered him in his darkest hours and fired 
his soul with fresh determination to conquer in spite of 
all. 

The action of the teakettle still remained fresh in 

James' mind, and he experimented almost incessantly in 

an attempt to perfect an engine that would be driven by 
steam. People had little or no faith in his idea and 
refused to help him. Even when he went to London for 
his patent, the officials were indifferent. Then, just 
when it seemed as though James were doomed to failure, a 
wealthy manufacturer became interested in his engine and 
was finally induced to manufacture them. The first en- 
gine was built. It worked amazingly well. Orders began 
to come in for other engines. The Russian Government 
offered James the then staggering sum of $5,000 a year 
if he would come to Russia. Success the reward of de- 
termined perseverance, had come to him at last! Other 
troubles beset him as the years passed, but they failed 
to diminish the brilliance of his achievements. 

Today, James Watt is regarded as one of the great- 
est inventors of all ages a man possessed with an 
indomitable spirit to win the kind of spirit that 
can bring you success, happiness and financial security! 

Copyright 1942 

By 

Midland Radio & Television 
Schools, Inc. 

PRINTED IN U.Ó.A. 
at rr.r4.: .. 
"Sir 

KANSAS CITY. MO. 
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to have a thorough understand- t'" 

ing of graphs. It is the graph Z-. 
that gives you a technical "pio- i,1 1 
tare"- of the functioning óf the " 

various oomponents which constitute jY - 

Radio and Television circuits. 
The second part of this lesson is de- 

voted to a simple and straightforward method 

square root of a number. 
I am sure that you will find these two subjects 
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easy to com- 

PART I. GRAPHS 

A graph is a picture of a series of events. It is a time saver 

used by all engineers. There are very few people who have never 

seen a graph since their use is so universal that even the daily 

newspapers employ them to show changes in the stock market and in 

business trends throughout various periods of time. From a graph 

a person can see certain conditions at a glance which would require 

considerable time to comprehend if the same information was given 

in a table. The preparation of a graph may involve' considerable 
time, but the information it conveys can be quickly observed. Since 

graphs are so extensively used, a knowledge of their construction 

and interpretation will enable the student to understand more clear - 

the various phases of Radio and Television. 
It is the purpose of this lesson to present the general con- 

struction of graphs and to show the student the time and effort 

that can be saved by using graphs in preference to tables of lengthy 

explanations concerning the same information. 

1. GENERAL APPEARANCE. A graph is constructed upon a piece 

of paper which is ruled into a number of horizontal and vertical 

lines. These lines are all equal distances apart, so that they 

form many small squares. Ordinarily every fifth line is heavier 

than the others and these heavier lines form larger squares. Paper 

of this kind is called coordinate or cross-section paper and can 
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Fig. 2 is a simple graph which illustrates the temperatures 

taken every hour on a February day. The bottom horizontal line is 
the X axis and the vertical line to the left of the figure is the 

Y axis. The X axis represents the hours and the Y axis the degrees 
of heat. The point of origin, in this case, is not at 0, but at 20 

since there is no need for lower values of degrees than 20. Notice 
that each small square along the X axis represents one-half hour. 
Along the vertical axis each small square represents one degree. 
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Fig.2 Chart showing the temperature in degrees over a 211 -hour 
period. 

A list of temperatures for all the twenty-four hours was needed 
to make this graph. To read all this data and to compare the temp- 
eratures at various hours would require several minutes. A single 

glance at the graph is sufficient to see the movement and tempera- 
ture range for the entire time. 

Suppose that a man is driving an automobile at a speed of 20 
miles an hour. The distance covered in one hour is 20 miles, in 

two hours, 40 miles, etc. This information can be put in graphical 
form as illustrated in Fig. 3. The bottom horizontal line is the 
X axis and the vertical line at the left is the Y axis. In this 
case, their intersection is the origin. The X axis represents the 
hours and the Y axis the distance traveled. One large square on 
the X axis represents one hour and each small square one -fifth of 
an hour. On the Y axis each large square represents 20 miles and 
each small square 4 miles. Notice that the graph is a straight 

line. 
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The following illustrative examples $Low in- detail, the exact 
method used to -plot graphs. 

Example 1: The hourly temperatures throughout a24 hour period 
are given by the following table: 

12:00 
1:00 

Midnight' 
A.N. 

F. 12:00 
1:00 

Noon 
P.M. 

40p F 
41 

2:00 . 250 2:00 440 
3:00 270 --3:00 , 460 
4:00 27; 'r 4:e0 ,10 
5:00 27; +5:00 , 60 
6:00 ` 270 6:60 ! ti 44 
7:00 
e:00 
9:00 

- 290 
Oo 
31° 

; 7700 
e:00 
9:00 

.1'- 

. 

550 
5e0 
600 

10:00 'e0 40:00 60ó 
11:00 !70 11:00 + 60 

.Put -,this information in the form of a,graph. 

Solution. 

Step 1: To assign values to the spaces on the coordinate paper 
Which are suitable for the problem. The two quantities 
are hours. and degrees. Let us plot -the hours along the 
-é axis. There are 24 of them and, therefore, too many to 
let a large square represent 1 hour. lie will represent 1 
hour by 2 small squares; thus each small square is equal 
'to f hour. These values are marked along the horizontal 
axis as shown in Pig. 2. 

The number of degrees range from 24 to 60; therefore, 
wé will let each r1l square along the vertical axis rep- 
resentIdegree. Starting from 20 degrees, these values . 

are marked along the Y 

*e1,2:_ To locate the points. By reference to the table we see 
that the temperature at midnight was 24. A pencil is placed' 
at the point marked midnight, which is at the extreme left 
of the I axis. From there, it is moved up along this ver-, 
tical line until it is exactly opposite +Z4 degrees on the 
! axis. A dot is made at this point; it is the first point' -' 

- of the graph. 
The next information in the table is that the temper- 

ature at 1:00 A.M. was 25 degrees. The pencil is 'placed 
at the point marked 1:00 A.M. on the Z axis and is moved - 

up along this vertical line until it is opposite the point 'marked 

25 degrees on the Y axis. This point is marked with . 

+ a dot; it is the second point of the graph. 
y exactly the same method, -the other points of the 

'graph 
are located from the information given in the table. 

ere are 24 points in all. 

Steps: The points are now Joined in order With a line.. The fin- 
ished graph should look like Fig. 2. The graph is called 
a "curve" whether it actually is a curve,+ a series of 
straight lines, or óáe straight line. 
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Stemple 2: Suppose we had setup a'circuitsuch as shown in 

Pig. 4. This circuit contains a 10 ohm resistor, an'ammeter, a 
voltmeter, a 100 -volt battery and -a potentiometer. By varying the 

position of the potentiometer arm, any voltage between 0 and 100 

volts can be applied to the resistor. It is first moved until the 

voltmeter reads 10 volts,'at which time the reading of the ammeter 

Fig.' Electrical cir= 
low cult from which data for 

shwn in Fig.5 is 

is recorded. By increasing .the voltage in 10 volt steps and re- 
oording the amount of current.flowing at. each step, the following 
table is constructed: 

VOLTAGE, CURRENT 
e Volts _ 0 Amperes 

10 1 

': 20. '.. 2 
30 3 - 

Ile ' e 
50 8 :. 
60 6' - -' 
71 7 

8e 8 
90 9 
100 10 - ' 

Put,this informationin graphical form. - 

Solution: 

Step 1: Place the ecales on the graph. (See Pig. 5.) .It is pos- 
sible to plot the voltage on either the I or Y axis; how- 
ever, it is customary to plot on the I axis the factor 
which is being changed (the voltage),, and on the Y axis 
the factor which results from these changes (the current)-. 

The voltages range from 0to 100; therefore, we will 
let each large square represent 10 volts and each small 
square 2 volts. These values are marked on the X axis. 
The currents range from 0 to 10 amperes and we can let 

each large square equal 1 ampersand each small'square, .2 

ampere: These values are marked on the Y axis. 

Step:2: Locate the points on the graph. Notice that in this graph 
the intersection of the axes is the origin. By reference 
to the table, it is seen that when the voltage is zero, 

the current is zero; therefore, the origin is the first 

point of the graph. When the voltage was 10 volts, the 
current was 1 ampere. Place a pencil at the point marked 
10 volts on the X axis and move it up along this vertical 
line until it is opposite the point marked 1 ampere on the 
Y axis. lake a dot at this point; it is the second point 

of the graph. In a similar manner, plot the remaining 
points. 
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Step s: These points must now be Joined by a smooth aurae. Since 
the curve in this case is not a straight line, we cannot 
use a ruler to join the points. It can be done free hand, 
or a "French curve" such as shown in Fib 7 may be used. 
With the type of curve shown in Fig. 2, it is permissible 
to join the points together by short, straight lines, since 
the variation of temperature is somewhat irregular. Sorr- 

- I 

Fig.7'Outline of a 
'French curve'. This 
Instrument it for the 
purpose of dfawing a 
smooth curve through 
several points. 

- ever, when the plotting of the points indicates that the 
curve is following some general law, then a smooth curve 
(that is, a curve that does not have any breaks in it), 
lust be used to join the points together. There will prob 
ab],y-be some points which lie to one side ar the other of 
the curve. It can be assumed that these paints are. a,re- 
suit of errors in the experimentation.. 

Step 41 Place the conetante on the graph. In this case they are. 
the material of the wire, copper; the length of the wire 
used, 1 foot the temperature at which the resistances were 
measured, 68M F. 

howls 4: 'It is sometimes convenient to compare two gianti- 
ties by drawing two or sore carves on the same graph. This involves + 

' 

no new principle, but care must be taken that the valves assigned 
_ _ to the spaces are suitable for both sets of data. The following .. + Vtable gives the number of telephone calls for each hour between 7 

A.M. and 9 P.M. in the business district and the residential district 
of a city. Use this information to plot two curves which show a 
oomparison between these calls. .. - 

I Í 

: I 
NOUR CALLS IN NOSINESS DISTRICT - CALLS IN RESIDEIITIAL DISTRICT 

I-- , 7 A.M: 100 

900 
10 6,000 
11 10,500 

1 

- 
12 loon `,, 101000 

2 
F. M. 000 

7,400 
500 

y 
5 

I. 
.6,OÓ 
6500 

0 

6 . 3,400 7 _ 
1. 

400 
f 200 

- = Solutiom: rc 

low 
700 

3,000 1 

6,000 "1 , 

t 

7, 000' - 
t. i i 

6,400 , 

6,000 I 

4,500 -i` 
4,500' 
4,000 
3,500 I 

3.400 { 

3,200 + 

3,000 
2.000 , 

' LL 

Step 1: Assign suitable values to the spaces on the sites for the 
two glllaatities, which are hours and calls. There are 15 
hours ranging from 7 A.M. to9 P.M. These are placed along 
the I axis as shown in Fig. 8. Each large square equals 

IL' 1 hour. 

r ,4 7: . 9 
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until O is reached. Above O, the values assigned to the squares in- 
crease from 1 to i5. A graph of this type is shown, in Fig. 9. Manny 

of the graphs used in Radio a and Television have negative numbers and 

are constructed in this wanner. - 
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Fig.! Graph Illustrating the use of negative numbers. It shows 
the.temperatures during an a-hdur period. 

-4. INTERPRETING GRAPIS. We shall now inquire into tle useful- 
ness of a graph. Graphs are especially useful for detereininginter- 
mediate values not found in the experiment performed to obtain the 

data. They also show very clearly the rate of increase or decrease 
of one factor as the other factor fe changed. Furthermore, a graph 
can many times, save sn iaease .amount of calculation. Several ex- 
emples will be given which;illustrate these properties of graphs. 

Example 1: Determine from Fig. 2 the temperatures at 8.A.M.; 
2:30 P.M.:. 3:30 -P.M, 

Solution: 

Step 1: The reading of valves free the,graph is the -reverse of lo- 
cating the points on the graph. We have the carve and one 

' quantity and it is required to find the other quantit . 

Place pencil at the point marling 8 A.M. on the X 
axis and move it np along this vertical line until you 
reach the curve. Then follow. the horizontal line which 

intersects the curve at this point to, the left until yeti 

reach the Y axis and notice the value at this point. It 

is found to be 30 degrees. 'Therefore,'the temperature at 

8 A.M. was 30 degrees. 

Step 2: Notice that, there is no point on the I axis marked 2:30 
P.M. We assume,' however, that 2:30 is,half way between 2 - 

and 3. Therefore follow the vertical line which is half 
way between.2 and 3,npward until it intersects the curve. 

11 ' 



From this point, move along the horizontal line to the 
left until the Y axis is reached. Note that the value op- 
posite this line is 45 degrees. The temperature at 2:30 
P.M., therefore, was 45 degrees. 

Step 3: Since 3:30 P.M. is not marked on the graph, we will follow 
the vertical line half way between 3 and 4, upward until 
the curve is reached. Notice that no horizontal line in- 
tersects at this point. It lies between two horizontal 
lines. In this case, we will follow both of these lines 
to the left until they intersect the Y axis. The lower 
line represents a temperature of 48 degrees and the upper 
one 49 degrees. Since the point of intersection of the ver- 
tical line and the curve is approximately half way between 
these two horizontal lines, it is assumed that the temper- 
ature at 3:30 P.M. was 48.5 degrees. 

The preceding example illustrates how a graph can be 
used to locate values, especially those not contained in 
the table from which the graph was plotted. 

Example 2: The graph of Fig. 6 clearly illustrates how a graph 
may be used to show the rate of change of one factor as the other 
one is changed. Compare the change in resistance of the wire as its 
diameter changes 1 mil, from 10 to 11 mils, with the change in re- 
sistance when the diameter changes 1 mil, from 22 to 23 mils. 

Solution: 

Step 1: By the same method used in the preceding example, the re- 
sistance of the wire at 10 mils is found to be 100 -thous- 
andths (.1) ohm and at 11 mils, approximately 80 -thousandths 
(.08) ohm. Thus a change of 1 mil has produced a change 
of 20 -thousandths (.02) ohm. 

Step 2: In a like manner, it is found that the resistance of the 
wire at 22 mils is 20 -thousandths (.02) ohm and at 23 mils, 
18 -thousandths (.018) ohm. In this case, it is seen that 
a change of one mil has produced a change of 2 -thousandths 
(.002) ohm. 

Step 3: Note that the change in resistance produced by a one mil 
change in diameter depends upon the diameter of the wire 
before this change is made. Thus a change of 1 mil, when 
the diameter is 10 mils, causes 10 times as much change 
in resistance as the same 1 mil change causes when the 
diameter is 22 mils. Or, a 20 -thousandths ohm change is 
10 times as large as 2 -thousandths. 

Example 3: By use of the graph in Fig. 5, determine how much 
current flows through the 10 ohm resistor when the applied voltage 
is 32 volts. Also, find the voltage needed to force a current of 
5.2 amperes through this resistor. 

Solution: 

Step 1: Find the point marked 32 on the X axis and follow this 
vertical line up until it crosses the curve. From here, 
follow the horizontal line to the left and note that this 
line crosses the Y axis at 3.2 amperes. This, therefore, 
is the current that flows, due to this applied voltage. 
The dotted lines in the figure show how this value was 
found. 

ti 
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Step 2: Find the point representing 5.2 aaperes on the Y axis. 
This is evidently one small aguare above the point marked 
5. Move along this horizontal line to the right until the 

- curve is reached. 'Proa this point, follow the "vertical 
line, down to where it intersects the I axis. Note that 
this point represents 52 volts, which is the voltage re- 
quired to force this current through the resistor. . 

In the preceding example, the values desired could have been 
found by 'using Oba'sIaw. Often, however, the relationship ex- 
pressed by a graph is such that it can be given only by a very com- 
plex algebraic equation. When this is the case, a graph is decided- 

'ly advantageous as.it eliminates considerable,aathesatieal calcula- 
tion. 

Fig.iO Graph showing_ 
the relative output of a 
cesium-agnesium photo- 
cell with light of 'ver- 
ious wavelengths. 
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A graph of this type is'sbown in Fig. 10. 'This graph is one 
of many used in Television work. It shows the response or output 
of one kind of photoelectric cell when light of various wavelengths 
is allowed:to fall upen the cell. The equation which could be used 
to represent the relationship expressed by this graph would be so 
complicated that considerable time would be needed to calculate the 
response for a given wavelength. On the other hand, the graph makes 
this work relatively easy. 

It is hoped that the foregoing -discussion has'made you con- 
scious of the need for graphs in engineerinc work. .We believe that 
you will find that a knowledge of -this Subject will be very profit -- 
,able to you in your future study óf Radio and Television. 



PART II. SQUARE .ROOT 

Throughout your Mork in Radio and Television you Will often 
find it necessary to take the square root of a 'umber. This is a 
simple, straightforward process and will be explained in detail. 

5. DEFINITIONS. The square Foot of a number to one of the 
two equal factors which, when multiplied together, gives that num- 
ber. For example, 25 = 5 x 5. In this case, 5 is the factor which, 
when multiplied by itself, equals 25, the given number. Therefore, 
we say that the square root of 25 is 5. Other examples are: 16, 

whose square root is 4; 36, whose square root is 6, etc. 

The cube root of a number is one of three equal factors which, 
.when multiplied together, lives the number.. For example 27 equals 
3 x 3 x 3, or we say that the cube root of 27 is 3. 

Likewise, the fourth root of a number is one of four equal fac- 
tors which, when multiplied together, gives the number, and so on 
for higher roots. 

The symbol for the root of a number is called the "radical 
sign". The square root of a number is expressed by enclosing that 
number in this radical, such as: IOU = 10. The cube root of a 
number is expressed byplacing the number under the radical sign, 

figure writing a small 3 in the opening of the radical sign, 
such as: ITV= 4. This small figure is known as the "index".of 
the root. It is ordinarily omitted in the case of the square roo,t 
but must be used with roots higher than the square root, as: "ua3; 
V In order to simplify printing, some modern textbooks on math- 
ematical discussions may have the root of a number expressed thus: 
ái(256). This is read, "The cube root of 256". 

6. PERFECT SQUARES. The numbers 1, 2, 3, 4 5, 6, 7, 8, 9, 
are the square roots of 1, 4, 9, 16, 25, 36, 49, , 81, respective- 
ly. The numbers in this last group are known as perfect squares, 
since the square root of each is a whole number and can be expressed 
exactly. This group includes all of the perfect squares less than 
100. These perfect squares and their square roots should be learned 
since they will be used constantly in the process of extracting the 
square roots of larger numbers. 

7. METHOD FOR EITRACTING THE SQUARE ROOT OF A PERFECT SQUARE. 
This method may best be explained by Morking an example and explain- 
ing each step. It is strongly advised that in studying this process 
you actually do each step as you read it. Merely reading the steps 
will not be sufficient to fix them in your mind. It is only by 
writing each figure and step of the process that you will be able 
to learn the method of finding the square root. It is not essen- 
tial that the principles Underlying the process or the reasons for 
using the various steps be understood. These should be taken for 
granted and the process itself memorized. 

Example 1: Find the square 
root of 70,225. 

14 
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c---"_T. 

Separate the number into periods 
of two figures each, beginning at 
the right and place a curved line 
over each as indicated. The num- 
ber of periods thus formed will be 
the same as the number of figures 
in the root ,or answer. 

Operation ', " 
Siep_1: ', 

' 

ñia.t 7.,1 

.'70225 4 )In 
. T - » 1 *{, .r: 

Step 2: Y 
, - , Step 2: 

. , t i1. J 
Draw a line straight up and down - ., r 

'1, 
o. 

the left of the number and a _ . :; ̀ '^ 1,7 02 251 - - 
broken line to. the right as shown. ' 

Consider the first period 'at -.the . , 

left, 7. Determine the largest .. 7 02 :25 t= :r .T, . 

perfect square equal to or leas ; - 4_ 'e 
..- 

than this period. It is seen to ,t. 3 02-t_ 
be 4. Place,the4 under the first .x. J ,. . 
period and write its square root, r 
2, to the right of the number. It . . 
is the first figure of the answer. Su! Subtract the4 from the 7, leavingnu,;4_-_ 

a remainder of 3. Bring down the 
next period, 02, and place it be- µ - - ' 
aide the 3 as shown. his, gives 1 

302. 
,,. , ,.. :1-, ; .4 4.; .. 

i,, - 

Step 4 . Step 4: í' .- I= 

Take 2, the first -figure of the = `. t-` 
root, multiply it by 2 and put the i,'.. 7 02 25l 2 :- 

_ product, 4, to the left of 302, `' ' " 

back of the up and down line. The - .4 - -- - _ 

II 4 is called the trial divisor. . ' á+r'á' 
1.- - 

' Step 
. i r - -i - .1 : tt - 

Step = 

Determine how many times 4 is con- _ 

tained in 30, the first tin fig- 
' urea of 302. It is contained 7 

' -,_' times; therefore, 7 is the second 47 
- ?igure of the root.. write this 

,F. figure in the root end also to the 
right of the 4 (or the trial di- 
visor), giving 47, (which is called 

- '_` the complete divisor) back of the 
I up. and down line. _ Now, multiply 
c; _ - V 

Step 3; - , V . V 

Step 3: 

Solution: 

Instruct ton 
Step 1:- 

' 1'. 
..1- 

+ 

1:, - ,, , _ - 

i 

[I I 



d 

o'n 

" the 47 by the 7 jñst put in the 
root and write the product, 329, un- 

- the number 302. ' Note that the 
329 is larger than the 302 and, 

' therefore," cañnot be subtracted 
' from it. So - the 7 used as the seo - 

and figure of the root was too 
large. It is for this reason that 
the 4 was called the trial divisor. 
Since 7 was too great, we will tz . z , 7 02 25 , 

' 6. Write 6 as the second fir' r' 
of the root and to the right of the _ - 46 

` -4. Multiply 46 by 6 and write the 
product, 276, under the 302. - Sub- 
tract 276 from 302. giving 26. 
Bring down the next period, 255, and 
place it;beside the 26. This gives 2626. 

: 

_- Step 6: Step 6: 
o = Take 26; the róóí thus far obtained,.' " i7 02 

-, , - and multiply- it by 2. ' Write the 
'- rodnot 52 to the left of the ' 4615 
-1625. The 52 is the second trial r_-' ' ' L` ``divisor. 

r, ñ rn } (' _ 

. 

I ' o:}ñ 6 . ' 
w 

E 
. = _5 

- ' ` ._+,. 
*.:i,r . ;L,13 , 

' ' - - 
[ ' 

.77*. 

s r 
I ^1 . ,. 
r, ti t 1 z -. ' 

r 
t.,, : 

a r, alp 7: 
Determine how Welly times .52 is cos- - 

' 

''= X tained in 262, the first three fig- : 2 7 02 t ,; 
area of 2625. This is found to be - 

_ . ,,f5. Write the 5 as the third fig- - - 46 
,- !Ire ,of the root and also piece t 

. to the right of the 52, the trial 
= divisor, making the complete di- 

visor 525. Multiply the 525 by 5, 
the figure just placed in the root, 
and write the product, 2625, under 

--the 2625. 'Since there is no re - 

:r. 

525 , _ 
c 

: r r+ 3 -' . ,, .i .a -; °, 

minder ° the root is exact and the *-1-T-111".4.41.71:* 
r- number is &perfect áquara .- 

- In conc u ion it is stated that. thesquare -root óf 70;225 is 
265, or ..v. 265. To .check your work, mmltiply 265 by 265; the 

- result should be 70,225. .- 

' . 7 
f -n-t:t . ('. . Y F r e s 

=:.P2 n t;7.: . (i' I- -c `0 -n' '` -- 
9:tU tt J:LS ,''r741" 

:11 ^tt:'f i; 2 : 
r7 :;r3 

- 411`{ s'h c'i. y su F-. 
' ` .,l li-'._ '1ilrFT r1d.C7 "U _ - - o- 

r 

16 r 
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First Trial Divisor 

4±1aFirst Completeí+ 
Divisor -i 

Second Trial t 

Divisor 25 
Second Complete 

Divisor 

7 0 2 25 [265Root 
4 
302 
276 

2625 
2625 

Example 2: Find the square 

root of 165,649. 

Solution: 

Instruction 

Step 1: Step 1: 

Separate the number into periods 
of two figures each, beginning at 

the right and place a curved line 

over each period. 

Step 2: Step 2: 

Draw a vertical line at the left 

of the number and a broken line in 
which to place the root. 

Operation 

16 Si 49 

Step 3: Step 3: 

Look at the first period of the 

root, 16, and determine the largest 16 56 49L 4 
perfect square equal to, or less 

[if; 

than, this period. This is found 5t 

to be 16. Write the 16 under the 

first period and place its square 

root, 4, as the first figure of the 

root. When the 16 is subtracted 

from the first period, the remain- 

der is O. Bring down the next 

period, 56. 

Step 4: Step 4: 

Multiply 4, the figure cf the root 

by 2, and write theprodsct, 8, as 16 56 49L 4 
the trial divisor to the left of lb 
the vertical line. 8 5b 

17 
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''I 

{ 

Step 5: , 
Find howaamy`tipes48 is ooItaing/1l. -. 
in 5, the first -figure 'of 56. t" - 16 56 49 
is contained 0 times; therefore, 
write 0 as the second figure of the -80 
rOot. Also, put 0 beside the trial , j , s 
divisor, giving130. Bring down the 
next period, 49, and place it be- 
side the 56, giving 5649. 

Step 6: ~S6: - 
Determine how many times 80 is con- 
tained in 564, the first figures lbb 56.49 Li2Z. 
of 5649. This is found to be 7. 
Write 7 as the third figure of the 80? 
root and to the right of the trial 56 49 
divisor, giving 807 as the complete 
divisor. Multiply the 807 by 7 
and write the product, 5649, under 
the. number 5649. There is no re- 
mainder; therefore, the root is. 

exact and the number is a perfect 
1anare. F ' The square mot of 165,649 is, therefore, 407, or ~1g o 
-t407 

Lomple. Find the square 
et of 332.6976. 

Solution: 

r.1,.. 

Instruct ton 
Step 1: Step 1: 
When finding the square root of a 
number containing a decimal,- the 
division of the number into periods 
is done -by starting at the decimal 
point and marking off in both di- 
reatipsii.from the -:decimal point. 
The trio figures of a period smst, 
never be separated by a decimal 
point. 

Step 2: 'Step 2: 
Draw a vertical line at the left 
of the number end a broken line in 
which to place the root. 

Step3: Mop 3: 
The first: period is3. The great- 
est perfect square equal to, or 

`, less than 3 is 1; therefore, place 
1 under the 3 and write its square 
root, 1, as the first figure of 
the answer. Subtract 1 from 3, 

18 

Operation 

3 32 76 
.. 

.... ..., ... .. 
3 j2.69 76 _, 

s 
.. .. ... 

ILL s2.LL 



. leaving 2. Bring down the next 
period, 52, and place it to the 
right of the 2, asking 232. . 

, - Step 4: 

' Multiply the 1 in the root by 2 and 
place the product, 2, as the trial 
divisor. ,y, 

Step 4: ' t 
' 

Step 5: Step 5: 

Deteraine howmany tines 2 is con- 
tained in 23, the first two fignrel 
of 232. This world appear to be 9, 

' but by trial it is found that 8 is 
the largest number that can be used. 
Write 8 as the second figure of the 
root and also beside the trial di- 
visor, giving 28 as the complete 

' divisor. Multiply the 28 by 8 and 
write the product, 224, below the 
232 and then subtract. The remain- 

" der is 8. Bring down the next per- 
iod, 69, beside the 8, making 869. 

I ,-I - 

s- 
=. 

I , , ,.r . 

' t. 

Step 6: , = ,. a ,I - Step 6.: 

Multiply the riot thns,far found, 
18, by 2 and write the product, 56, - 

as the trial divisor. -1,1 , , 

. I , T, " r °1f. 

Step 7:. :Keg 7: 
The trial divisor, 36, is contained" 
in 86, the first two numbers of 869, 
2 times. Place 2 as the third fig- 
ure of the root and beside the trial. 
divisor asking the collete divisor 
362. Multiply the 3b2_by 2 and 
'place the product, below the 
8.69. Subtract; the remainder is 
145. Bring dole the next period, 
76, beside the 145, waking 14576. ' 

We exist now place the decimal point in the 'root. This is eas- 
ily done by remembering that there will be as zany figures in the- . 

whole part of the root as there are periods in the whole part Qf' 
the number. There are two periods in the whole part of the mambo; !; therefbre, there will 'betwú figures, in the ,whole part or'tlie .7 

root. 

. , 

... . .. ... 
3 32.69 761j_ 

3 32.69. 

. . Y., 

s 

,c 

Fí .F ( .1 

I' ; 

, 
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' 
St* 8: 
Multiply 182, the number thus far 
found in the root, by.e, giving 364. 
This is the trial divisor..' 

= } 

Step 8: 

76 
- .-. ., 
3-1.5 LIU,. 

28 

... 362 

364 

Step 9: Step 9: 
The trial divisor, 364, is contained 
in 1457, the first four figures of 
14576, 4'times. Write 4 as the 
fourth figure of the root and be- '_ ` 28 
side the trial ' divisor, . making 
3644 as the complete divisor. Mal- 
tiply 3644 by 4, giving 14576 . 
This is .placed below the number, u, 
,145516, and since there is no remain- , F', 

.1"" 'der, the root is exact and the num- 
bar ii a' perfect square. 

Thus, the square root of 332.6976;,is 18.24;"ory~.!' 
18.241 

If the decimal part of a number contains in odd number of fig 
ire's, a zero is added to the right to make a fall period. Por ex- 
ample, when . divid' 26.234 into periods, a rero_i added to the 
right of'the 4 and number will appear as 26.23 40. 

,r 

,-, .. ... . 
332.6976118.24 

8. MIRING TEE swum ROOT OF A NM= WWI IS TROT HIM& 
MARE. .Most of the numbers which we will encounter will not be 
perfect squares; that is, their square roots cannot. be exactly ex- 
pressed as whole numbers, nor can they be expressed exactly as dec- 
imals, no matter how many decimal places are taken. The square root 
of 2, when carried to three decimal places., is 1.414. This is not 

e_ thexaet square root; in fact, if it is carried to 15, or even 
1,000 decimal places, it still will not be exact. Of course, the 
more decimal plaoegfto'which it is carried, the closer- the root ap- 
proaches the exact value, butit can never be obtained. 

Example 4i Find the' square root of 42 to two decimal places.' 
Solution: 

. 

Instructton 
Step 1: .: , , _ asp 1: 
Since there are to ̀ be two decimal = ' '- " places in the root, there mast be 
two periods in the decimal, part of 

º 

:Operation 

.142.00'00 

:.:1_ .. 
_':- 

, 

' 

the number. Therefore, add four - ' 

zeros to 42, separate into periods 
and draw the lines as previously 
explained. 

"1 



.., 

Step 2: l Step I: 

The first figure óf the root is "- 
found found to be 6. 36 is written be- 
low the first period and subtracted 
from it. The remainder is 6. Bring 
down the next period, 00, beside the 
6. 

- 

ltl iply the 6 of the root by 2ep 
and place the product, 12, as the 
trial divisor. ,.12 

Step 4: Step 4: 

By trial it is found that the next 
figure of the root is 4. This is,' 
placed in the answer and beside the 
12, maid the complete divisor 124. 
The '124 is multiplied by 4 and the 
product, 496, is placed below the 
600. The remainder is found to be 
104. Bring down the next period, 
00, beside the 104, waking 10400. 

Stet) 5: Step 5: 

Multiply the 64 of the root by 2; 
place the product, .128, as the 
trial divisor. 124 

Step 6: - Step 6: 

' The third figure of ,.the root is - 

found to be 8. This is written . 

beside the trial divisor, making 124 
1288. The 1288 is multiplied by 
8 and the product 10304, is writ- 1288 
ten below the 10400. The remain- - . 

der is 96. . 

.. . 
42.00 00Lá_ ;i 

^. 
0,..0' 

... 

ihU a: 

- ... .-. ... 
42.00 00 6.4 

.. 

... _: ..; 
42.00 Oo 6.48 . 

The remainder is disregarded since it 'would affect only the 
third and following decimal places. Result: 41.= 6:48_(epprox.) 

9. SQUARE ROOT OF A COMMON FRACTION. The square root' of á 
common fraction is equal to the square root of the numerator dt- 
utded by the square root of the denominator. For example: . .. 

If both numerator and denominator are small perfect squares, find 
the square root of the fraction by this method; however, if one or 
both are not perfect squares, then it is best to reduce the common 
fraction to a decimal, then extract the square root of the decimal 
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fraction. For example, find the square root of a. Reducing é 
to a decimal, we obtain .375! In order that we have three decimal 

places in the root, we must have three periods in the number; there- 

fore, add three zeros to the right of the .375, making it .50ób! 
The square root of this number is found to be .612! (Check this.) 

Of course, it would be possible to find the square root of 3, then 

find the square root of 8 and divide the former by the latter to ob- 

tain the same result. This, however, requires the extraction of 

two square roots, so it is a longer process and unnecessary. 

Table of Useful Reference Numbers 

1 cu. ft. of water weighs 62.5 lb. (approx.) =1000 oz. 

1 gal. of water weighs 81 lb. (approx.). 
1 atmosphere pressure =14.7 lb. per sq. in. =2116 lb. per sq. ft. 
1 atmosphere pressure=760 mm of mercury. 
A column of water 2.3 ft. high =a pressure of 1 lb. per sq. in. 
1 gal. =231 cu. in. (by law of Congress). 
1 cu. ft. =7} gal. (approx.) or, better, 7.48 gal. 
1 cu. ft. _; bu (approx.). 
1 hbl. = 4.211 - mi. ft. (approx.). 
1 bu. =2150.42 cu. in. (by law of Congress) =1.24448- au. ft. 
1 bu. =I cu. ft. (approx.). 

1 perch =241 cu. ft. but usually taken 25 cu. ft. 
1 in. =25.4001 mm (approx.). 
1 ft. =30.4801 cm. 
1 m =39.37 in. (by law of Congress). 
1 lb. (avoirdupois) =7000 grains (by law of Congress). 
1 Ib. (troy or apothecaries) =5760 grains. 
1 gram = 15.432 grains. 
1 kg = 2.20482 lb. (avoirdupois). 
1 liter =1.05668 qt. (liquid) =0.90808 qt. (dry). 
1 qt. (liquid) -946.358 cc. -0.948358 liter, or cu. dm. 
1 qt. (dry) =1101.228 cc. -1.101228 liters, or cu. dm. 
s=3.14159265358979+=3.1416=;;1 =34 (all approx.). 
1 radian =57°17' 44.8" = 57.2957795° +. 
1° =0.01745329+ radian. 
Base of Napierian logarithms =e =2.718281828 
log,° e-0.43429148 
log. 10 =2.30258509 
1 horse -power second =550 foot-pounds. 
1 horse -power minute=33,000 foot-pounds. 
V2=1.4142136. 1/8 =1.7320508. 

/5 -2.2360680. N/6 = 2.4494897. f -1.2599210. N'/3 =1.4422496. 
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Notes 
(These extra pates are provided for your use in taktnÉ special notes) 
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INDEPENDENCE 
Tne man wno is financially independent is most fortunate. 

The fourth of July, 1776, was a momentous day for 
every American citizen, for it was on that day that the 
Fatners of cur treat country attached tneir signature 
to the world-famous document that ushered in a new era 
of free tnought and Government the Declaration of 
Independence! Then for seven, long, war -torn years, 
the American Colonists fought valiently against great 
odds for that which was rightfully theirs 'a Gov- 
ernment by the people, for the people and of the people'. 
Finally, after years cf terrible suffering, their will 
to win was victorious and Great Britain acknowledged 
American Independence with the signing of the Treaty of 
Peace on September the third, 1783. 

No doubt you are familiar with the history of the 
epochal period which we have so briefly outlined above 

but do you realize that YOU, TOO, face abattle 
for independence the battle of life! Individual in- 
dependence from financial worries, poverty and the dull 
monotony of routine unskilled labor is entirely depend- 
ent upon several closely related factors. We will out- 
line them for you on this page. 

AMBITION 
Ambition is the bitter foe of failure. Arm 
yourself to the teeth! 

FORESIGHT 
George h''ashington selected his battle fields 
with care. You want to fight your battle of 
life where your cnances of success will be 
the greatest. That is why you have selected 
the Radic-Television industry! 

DETERMINATION 
When you have selected your battle field (in- 
dustry), you must arm yourself with 'bull -dog 
determination' to prepare for and win success 
in your chosen field! 

TRAINING 
Today, poorly trained troops would have little 
chance of victory over an opposing army that 
was highly trained. You must train yourself. 
You must develop Will Power so that you can 
fight off discouragement and overcome every 
obstacle that may confront you. Training is 
ycur heavy artillery! 

You already have the ambition, foresight and_de- 
termination. Midland is supervising your training 
See that you stick to that training so that you will be 
better equipped to win your battle of life and 
FINANCIAL INDEPENDENCE! 

Copyright 1942 

By 

Midland Radio á Television 
Schools, Inc. 

PRINTED IN U.S.A. 

KANSAS CITY. MO. 



Lesson Nine 

MAGNETS AND 

ELECTRO -MAGNETISM 

"Magnetism an invis- 

ible but powerful force that 

attracts and repels, is a sub- 
ject that you should under- 

stand thoroughly. To success- 
fully explain the phenomenal ac- 
tion of the different hinds of 
co i I s that are used i n modern kad in 

receivers and transmitters, it is 

necessary that I refer to the theory 
of maznet1st' frequently. 

"The generation of electricity is dependent upon magnetism; 

therefore, the amazing growth of the Electrical, Radio and Televi- 

sion industries wonld have been an impossibility had it not been 

for the discovery ofnr>.gneT ism. Because of' its importance, I earn- 

estly suggest that you carefully study tire fundamentals given in 

this lesson." 

, 

1, I Y+ 

I. s 

'I1e fact that, a particular rock or mineral caller) "lodestone" 

attracts to itself small ',articles of the sr,me material has been 

!;sown for many centuries. lodestone, in annearance, is reddish - 

brown and is one form of iron -ore. It is found t.lrrorr bout many 

parts of the world, but is, by no means, as abundant as other forms 
of iron -ore which do not, nossess this peculiar property. Since it, 

t.ns esnecial Iy plentiful in thr neighborhood of ̀ larresia, a towiu in 

:sin Minor, it was called 'magnetite" by the ancient, tire. hs. If a 

niece 01 lodestone is dinned into iron filings, it is found that 
they adhere to it more particul;rrlyatcertain places. In .'ener;,l, 

there are two such places on any piece of lodestone where the 

in;:c stick in the greatest quantities. (_ee Fig. 1.) These two 

snots are known ;,s tie poles of the magnet. rf a piece of lodestone 

is suspended b' e silk tlr:re;ui, it does not come to rest in jest. nay 

chance position, but only in such a position that the line ,joinintr 

1 



the two noints where the filings adhere in the greatest quantities 
points north and south. (See Fig. 2.) 

Iron filings 
Attracted Sfong. 

rr:r 
Piece f odesJone 

Fig.1 Illustrating the 
attraction of Lodestone 
or Magnetite for Iron Fil- 
ings. 

Piece of 
Lodestone 

Wire 
Stirrup 

Fig.2 Using a piece of 
Lodestone as a Compass. 

1. NATURAL AND ARTIFICIAL MAGNETS. Such a piece of lodestone 

is known as a natural magnet. Natural macnet.s are, in general, not 

used for commercial purposes; however, before the process of making 

artificial magnets was discovered, they were sometimes employed as 

a crude type of compass. One of the most important characteristics 
of these natural magnets is their ability to magnetize other mag- 

netic bodies. For example, it is possible to magnetize a steel 

darning needle by stroking it in one direction with apiece of mag- 
netite (lodestone). The piece of magnetite may then be used to 

magnetize a second or a third needle, since it does not lose any 

of its own magnetism in this process. A magnet made by this method 
is called an artificial magnet and its magnetic properties can be 

illustrated by the fact that it attracts iron filings as shown in 

Fig. 3. A magnetized needle produced in this manner may he used 

sM/ Knniirq ~Of 
uMsi.Jr.M 

Dnn 

nun 
,i,.e q 

s"T27, "''. 

Fig.3 Using one Magnet 
to make another. 

Fig.0 Darning Needle 
Compass. 

to magnetize other needles by stroking them with the magnetized 
needle. A method used commercially for the manufacture of arti- 

ficial magnets will he explained later in this lesson. 
If a steel knitting needle is magnetized in the manner just 

described and is then carefully balanced upon a cork floating in 

a glass of water, the cork and needle will turn until the axis of 
the needle is in a north and south direction. This is shown in 

Fig. 4. If the Lr]ass of water is turned until that end of the 
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needle which was pointing toward the north now points directly 
southward, the needle and cork wi 11 rotate until this end of the 
needle is again pointing north. In fact, no matter how many times 
the needle is moved from its position of rest, it always rotates 
until the same end is pointing north. This is the principle of 
the magnetic compass. It consists of a magnetized needle careful- 
ly pivoted at its exact center upon jewel hearings. It is enclosed 
in an airtight case to protect it from air currents and it rotates 
over a scale graduated in degrees. The end of the needle pointing 
toward the north is cal led the "north seeking pole", while the op- 
nosite end is called the "south seeking pole". These two terms are 
usually shortened to "north pole" and "south pole". 

2. MAGNETIC ATTRACTION AND REPULSION. It has been shown that 
a magnet attracts iron filings. This power was known for many cen- 
turies before it was discovered that under certain conditions a mag- 
net exerts a repelling force instead of an attracting force. This 
can be very easily demonstrated. If a bar magnet, which has its 
poles marked for referenc=, is brought into the vicinity of a pocket 
compass, it is noticed that the north pole of the magnet attracts 
the south pole of the compass and at the same time repels the north 
pole of the compass. This force of repulsion may be clearly seen 
if the north pole of the magnet is rapidly brought close to the 
north pole of the compass. The compass needle immediately rotates 
until its north pole is as far from the magnet as possible. If the 
compass used in this experiment is not enclosed, as shown in Fig. 5, 

.--- Hoqlired 
AFed/e 

Unlike Poles Aifract 

Krymefired 
Keed/e " 

Like Poles Repel 

Fig.5 Illustrating the Laws of Magnetic Attraction and Repulsion. 

one can try to hold these two north poles together and in so doing, 
the force which is tending to push them apart may be perceived. In 
a like manner, it can be shown that the scuth pole of the bar magnet 
attracts the north pole and repels the south pole of the compass. 

These forces of attraction and repulsion exist between any two 
magnets. It may be used to determine whether or not a piece of iron 
or steel is magnetized. The fact that a body attracts the compass 
needle is not sufficient proof that it is magnetized, since a mag- 
net will attract unmagnetized pieces of iron and steel. If the 
body in question attracts one end of the compass needle and repels 
the other end, the body is magnetized, since the force of repulsion 
is possible only between two magnetized bodies. 

i 



From the preceding discussion, we can formulate a general law 
relative to the magnetic forces of attraction and repulsion. It is: 

1. Like poles repel each other. 
2. Unlike poles attract each other. 

Thus, a north pole always repels a north pole and a south pole al- 
ways repels asouth pole. On the other hand, a north pole attracts 
a south pole. Notice that this law is very similar to the one con- 
cerning the attraction and repulsion existing between electric 
charges. he learned that the negative electron attracts the posi- 
tive proton, but repels all other electrons. 

3. THE EARTH AS A MAGNET. The earth has the ability to at- 

tract one end of the compass needle and repel the other end. We 
may then suspect the earth itself to he a magnet. This theory has 
been proved. The earth is a huge magnet, much thicker in propor- 
tion to its length than most magnets with which we are familiar, 
but otherwise just exactly like them. The earth has a north seek- 
ing pole and a south seeking pole, just like any other magnet, but 
from the laws of attraction and repulsion, we see, curiously enough, 
that the south seeking pole is in the Arctic regions, while the 
north seeking pole is in the Antarctic regions, not far from Little 
America. These magnetic poles do not coincide exactly with the 
north and south geographical poles, but are located as shown in Fig. 
6. Furthermore, the positions of the magnetic poles are known to 

South s 
Magna u¢ troi. 

I I 

1 

IV 

1 \ 

\ 

ijNs.é71' 
t / ..VnY.1i ̀ I Pol ̀  T 

No1A_ 
Áápw`He Pof. 

Fig.6 Shoving the Lo- 
cation of the Magnetic 
Poles in Relation to the 
Geographical Poles. 

be changing slowly from year to year. Why this is so, and, for that 
matter, why the earth is magnetized at all, is not yet known. 

4. THE FIELD AROUND A MAGNET. Michael Faraday was the first 
to conceive that a true understanding of the actions of a mare et 
could he secured by studying the empty space around one as well as 
the magnet itself. 

Artificial magnets may be divided into two classes, permanent 
and temporary magnets. Permanent magnets are those which retain a 
certain amount of their magnetism after the magnetizing force has 
been removed. We are all familiar with two forms of permanent mag- 
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nets, one of which is the bar magnet and the other is the horseshoe 
magnet. If we place a sheet of stiff paper over a bar magnet and 
then sprinkle some iron filings on this sheet, we will discover, 
upon tapping this sheet that the iron filings arrange themselves in 

regular lines leading from one pole of the magnet through the air to 
the opposite pole. This is due to the fact that each filing is 
slightly magnetized by the influence of the original magnet and, 
therefore, places itself in the direction in which a compass needle 
would point if it were in the same spot. This can be verified by 

actually using a small compass instead of the filings. Fig. 7 shows 
the distribution of filings around a bar magnet. In Fig. 8, we 

see these lines about a horseshoe magnet. These lines are known 
as magnetic lines of force and the vicinity about a magnet in which 
they lie is known as the "field" of the magnet. A magnetic line of 

Fig.7 Arrangement of 
Iron Filings around a Bar 
Magnet. 

Fig.8 Arrangement of 
Iron Filings around a 
Horseshoe Magnet. 

, e:,1.1..;..,r ,= 

io ¡ 

1+ -(1-'1. 

. . . . ' ' 
` 

. . ,. _ t . .. k - . 

force may be defined as a line which indicates at its every point 
the direction in which a north seeking pole would .he moved by the 

attraction and repulsion of all the poles in the neighborhood. We 
shall find this conception of magnetic lines of force a convenient 
way of remembering how a magnet will affect other magnets in its 
vicinity. 

A magnetic line of force is visualized as emerging from the 
north pole of a magnet, traveling through the surrounding air, en- 
tering the south pole of the magnet and then traversing the magnet 
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from the south pole,to the north pole. It is customary to 'place 
small arrows on'the lines of force showing the direction iá which 
they trayel, as shown in Fig. 9. 

_/ FIg.9 Illustrating the Dirac--- 
lion of the lines of Force Around 

A ` a Bar Magnet. 

It must be remembered that these lines are merely representa- 
tions of the direction of attraction or repulsion at any point in 
the field and it should not be imagined that it would be possible to 
place a small piece of iron or steel'in between two lines and that 
it would not experience any force; that is, the magnetic force is 
present at every point in the field. It is, however, -customary to 
represent the strength of the field at any point by the number of 
lines passing through a small area around that point. Or, we may 
say, that if the lines are fairly close together at that point, the 
field'isrelatively.strong, while if the lines are somewhat widely 
spaced, the field is rather weak.. Fig. 10 illustrates a weak and 
strong magnetic field. 

A B 

F.1g.10 (A) A Weak Magnetic Field.' (B) A Strong Magnetic Field. 

These Magnetic lines of force act very much like a bundle of 
stretched rubber bands; that is, they are, at all times, trying to 
shorten their length. Also, each line exerts a sidewise crowding 
effect upon its neighbors. This fact helps us to understand the 
forces of magnetic attraction and repulsion. In Fig. 11 are shown 
two bar magnets placed end to end with the north pole of one near 
the south pole of the other. The figure also shows the magnetic 
field about the -two magnets. It should be observed that many of 
the lines of force leaving the north pole of one magnet travel across 
the interveninf space and enter the south pole of the other. ,Since 
the magnetic lines of force do tend to shorten their length, it is 
easy to see that an attraction exists between the north pole of one 
magnet and the south_pole of the other, as the lines between them 
tend to shorten. In Fig. 12 are shown two barmagnets with the- north 
pole of one placed directly opposite the north,pole of the other. 
The magnetic lines of force which exist about this arrangement are 
also shown. Notice that in' thespace between the two poles, the 
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lines are nearly parallel and, due to the sidewise crowding effect 
of the lines, it is apparent that there is a repelling force between 

! lI 
', ,Í/'\ 

A 

lr¡r¡It' 
1''.9 

'1'1)4 l 1"'t 
1('-'dCi^c-i / 

.111.1; 

/li 

J ,/ ir; 

s Y'I,'\ i //,I .. j'y....../ / 

Fig.11 Magnetic Lines 
of Force around Two op- 
posite Poles. 

Fig.12 Magnetic Lines 
of Force around Twc Like 
Poles. 

the two poles. Figs. 13 and 14 show the forces of attraction and 
repulsion between two horseshoe magnets. 

` _ _ 
:d:._. 

. --AP ?- c='.. 

Fig.13 arrangement of 
Iron Filings around Two 
Horseshoe Magnets with 
Unlike Poles Opposite. 
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Fig,tu arrangement of 
Iron Filings around Two 
Horseshoe Magnets With 
Like Poles Opposite. 

5. MAGNETIC MATERIALS. It is not possible to muse tine all 
materials. Those that can he magnetized are known as"magnetic ma- 
terials", while allothers are called "non-magnetic". Magnetic ma - 
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terials include iron, steel, all iron or steel alloys, also cobalt 

and nickel. Cobalt and nickel, however, are only slightly nag.etic. 

You can.determine for yourself just what materials are magnetic by 

trying to pick up various objects with a small horseshoe magnet. 

Just why some materials are able to be magnetized while others are 

not is not definitely known as yet. 

6. TORY OF MAGNETISM. If a bar magnet is sawed in two, it 

is found that each piece is, itself, a complete magnet with its own 
north and south poles. It is a fact that no matter how many small 
pieces are nade of the original magnet, each piece is a perfect mag- 

net as shown in Fig. 15. Carrying this idea a bit further, it is 

_ 
/r' .--wV-y _ 

^-22:.i,. :.ir 'J!yl...._ 
_ . .i :...i '%1';:!`r_' :í,w:..:a.. L"=''iil.....=:S - .-i....,. _ 

.,_-.-Jf r' 

fig.1S Effect of Breaking a Bar Magnet into Several Pieces. 

assumed that each individual molecule of the substance is, itself, 

a perfect magnet. In an earlier lesson we learned that molecules 
are composed of atoas. Fsch atom, in turn, consists of one or more 

electrons revolving in circular orbits around a center nucleus. We 
know that electrons in motion do have considerable energy. In an 
nnmagnetized piece of iron, the atoms are thought to be arranged in 

e somewhat haphazard fashion as shown in Fig. 16. It is assumed 
that these electrons, by their motion, create a magnetic field about 
each atom and in an unmagnetized piece of iron the poles of one 
molecule are neutralized those of its neighbors.- (See Fig. 17.) 

If we slightly magnetize a piece of iron by stroking it with 
a permanent magnet, some of the molecules align theaselves as shown 
in Fig. 13: that is, many of the molecules are turned so that the 
magnetic forces of one molecule, caused by its revolving electrons, 
add to those of nearby molecules and thus create an intense magnetic 
force which is evident at the two ends or poles of the piece of 
material. 

If the'magnetizing force is sufficiently great, it might be g 

possible to.align all the molecules of a piece of iron. The mag- 
netic forces created by the revolving electrons are in the same 
direction, with the north poles of all of the molecular magnets 
turned one way and their south poles the opposite way. This con- 
dition is illustrated in Fi s. 19 and 20. When this point has been 
reached, it is impossible to add any further magnetism to the piece 
of iron. This condition is known as "magnetic saturation". 

8 
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There areseveral simple experiments which tend to prove the 
foregoing theory. If an unmagnetized bar of steel is placed with 
one end on the pole of alar magnet. and. is then tapped. with aham- t 0 oavrosts e o+issePe 

A eoOo+vPd e Q 
Fig.t7 Arrángement of Molecules 

in an Unmagnetized Piece of Iron. 
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Fig.,16 Arrange- 
ment of,Atoms and 
Electron Orbits 
In an Unmagnet- 
ized Piece of 
iron. 
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Fig.11 Arrangement of Mole- 

cules in a Piece of Iron Sat- 
urated with Magnetism. 

Fig.20 Ariange- 
msnt- of- Atoms and 
Electron Orbits 
in a Piece of 
Iron Saturated 
with. Magnet Iam. 

mar, 'it'.bedomes a weak permanent magnet. If -the bar is removed 
from the magnet and is again tapped, its magnetism disappears. The 
tapping assists the arrangement of the molecular. magnets in the 
first part of the experiment, when the bar magnet is near, and then 
destroys their arrangement in the second part when the bar magnet 
is removed. When a permanent magnet is heated to a cherry red, it 

loses its magnetism completely, and if it is allowed to cool with- 
out being in a magnetic field, it remains in a demagnetized condi- 
tion. This is due to the fact that heating .the magnet greatly agi- 
tates its molecules, and as the bar cools, the molecules settle. 
down in, haphazard positions. It is also possible to hold a bar of 

N soft iron in the direction of the magnetic lines of force of the 
earth, as shown in Fig. 21, and by striking it a sharp blow, it 
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Flg.21 Using the Magnetic 
Field of the Earth to Magnetize 
an Iron ear. 
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becomes slightly magnetized: From.these experiments it is evident 
that the proper care of a;permanent magnet demands -that, it never 
be heated or severely jarred. - 
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7. RETENTIVITY AND PERMEABILITY. A piece of soft iron, w'.,en 

placed in a magnetic field, will very easily become a strong, temp- 
orary magnet, but, when removed from the influence of the magnetic 
field, it loses practically all of its magnetism. On the other 
hand, a piece of steel will not be so strongly magnetized as soft 
iron, but it will retain a much larger portion of its magnetism 
when it is removed from the influence of the permanent magnet. 
This ability of the steel to retain a portion of its magnetization 
after the magnetizing force has been removed is called retentivi- 
ty. Retentivity is defined as the ability of a magnetic material 
to retain or hold its magnetism after it has been magnetized. 
Steel has a much greater retentivity than soft iron and in general, 
the harder the iron, the greater its retentivity. From this, it 
is apparent that permanent magnets should be made of hard steel, 
while temporary magnets, such as are used in relays, etc., should 
be constructed of soft iron. 

Place a piece of soft iron in the field of a permanent magnet 
and map the lines of force with some stiff paper and iron filings. 
Notice that many of the lines of force from the permanent magnet 
take a longer path so that they may travel thrcugh the piece of 
soft iron. Also observe that the lines of force in the piece of 
soft iron are very close together, indicating that the magnetic 
field at that point is quite strong, as shown in Fig. 22. From 
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Fig.22 Showing the 
Reason for attraction 
Between a Magnet and a 
Piece o` Soft Iron. 

this we can conclude that soft iron is better able to conduct mag- 
netic lines of force than air. In fact, a magnetizing force will 
produce several thousand times as many lines of force in a piece 
of soft iron as it will produce in the same volume of air. The 

ease or readiness with which magnetic lines of force are set up 

within a substance is known as the permeability of that substance. 
The permeability of air and all non-magnetic materials is one. 

The permeability of cobalt and nickel is several hundred, that of 
hardened steel, several thousand, while that of soft or wrought 
iron, in some cases, may be as high as ten or twelve thousand. The 

permeability of a magnetic material is not constant but varies with 
the previous state of magnetization of the material. As an example, 
let us consider a piece of cast steel. At one point where it is 

partly magnetized, its permeability is 1600, and as the magnetizing 
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force is increased by adding more and more lines of force, the sat- 
uration point is approached and it becomes more and more difficult 
to add lines of force to the piece of cast steel, and at a point 
not far from saturation, the permeability has dropped to 320. When 
we say that the permeability of a substance is 1,000, we mean that 
a given magnetizing force will produce 1,000 times as many lines of 
force in this substance as it will produce in the same volume of 
air. 

8. RESIDUAL MAGNETISM. Residual magnetism is a measure of 
the amount of magnetism or number of lines of force that a magnet 
retatns after the magnetizing force is removed. It must not be 

confused with retentivity. An example will make this clearer. If 
we magnetize two different magnetic materials, so that the first 

contains 15,000 lines of force and the second, 5,000 lines of force, 

Fi9.23 William Gilbert (1540 - 1603). 
English physician and physicist; first 

Englishman to appreciate fully the value 
Of experimental observations; first to 

discover through careful experimentation 
that the compass points to the north not 
because of some influence of the stars, 
but because the earth is itself a great 
magnet; first to use the word 'electric- 
ity"; first to discover that electrifi- 
cation Can be produced by rubbing a 

great many different kinds of substances; 
author of the epoch-making book entitles 
'De Magnete, etc.,' published in London 

in 1600. 

and further, if the retentivity of the first piece is such that 
it retains one-third of its magnetism while the second retains one- 
half of its magnetism, then the residual magnetism in the first 

piece is + x 15,000 or 5,000 I of force, and in the second piece 
is x 5,000 or 2,500 lines oft'orce. Thus, it is seen that the re- 

tentivity of the first piece is less than that of the second (since 
is less than .1), although the residual magnetism left in the first 

piece (5,000) is greater than that left in the second (2,500). 

9. MAGNETIC CIRCUITS. It has been shown in an earlier part 

of this lesson that magnetic lines of' force "flow" in complete cir- 
cuits from the north pole of the magnet through the surrounding air 
to the south pole, then through the magnet from the south to the 
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north pole. Each magnetic line of force forms a closed loop and 
it is possible to calculate the various values pertaining to the 
magnetic circuit in much the same way as those of an electrical cir- 
cuit. In the electrical circuit, there is a flow of electrons, 
while in a masm etic circuit there is a flow of magnetic lines of 
force (flux). In the electrical circuit, there is an electrical 
p-ressure or voltage, while in the magmetic circuit there is a mag- 
netizing force, or as it is commonly called "magnetomotive force", 
abbreviated M.M.F. 

Corresponding to the resistance of an electrical circuit, there 
is the "reluctance" of amagnetic circuit. Reluctance isthat prop- 
erty of a material which opposes the creation of magnetic lines of 
force in the material. There is a formula for magnetic circuits 
which is quite similar to Ohm's Law as used in electrical circuits. 
The three ways in which the formula may be written are as follows: 

= 
F F = Psi 51 _ -I. 

al p 

p (pronounced fi) = the flux or number of 
lines of force. 

Where: F = the magnetomotive force measured in 
gilberts. (See Fig. 23.) 

= the reluctance measured in oersteds'. 

In explanation cf the terms used in these equations, a gilbert 
is defined as the amount of magnetomotive force required to create 
one line of force in a magnetic material whose reluctance is one 
oersted. An oersted is defined as the reluctance ofa magnetic ma- 
terial in which it takes one gilbert of magnetomotive force to create 
one magnetic line of force. These units have been so chosen that 
the reluctance of a cubic centimeter of air is one oersted. (A 
comparison between a cubic centimeter and a cubic inch is shown in 
Fig. 24.) The resistance of a conductor is generally specified in 

/inch 

ti 

Fig.24 Comparison be- 
tween a Cubic Centimeter 
and a Cubic Inch. 

Cubic Centimeter Cubic Inch 

"ohms per mil -foot". This is the resistance ofa wire having a di- 
ameter of 1 mil (.001 inch) and a length of one foot. Likewise, 
the reluctance of a material is expressed as so many oersteds per 
cubic centimeter. The reluctance of all magnetic materials is less 
than one oersted per cubic centimeter; however, their reluctance, 
like their permeability, is not constant, but depends upon the de- 
gree of magnetization of the material. This makes the calculation 
of magnetic circuits somewhat difficult, just as the calculation 

' So named in honor of Hans Christian Oersted (1777-1851;, a Danish professor who 
did notable work in the field of magnetism. 
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of electric2.l circuits would be if the resistance of the conductors 
changed with the amount of.current flowing through them (disregard- 
ing the effect of heat). To use these three formulas requires a 
set of mmaagnnetization curves for the particular material involved 
Magnetization curves show the reluctance of the material for dif- 
ferent degrees of. magnetization. Fortunately, however,. we will not 
be required to use these three formulas and.they are shown merely 
to give a mire definite understanding of the action of a magnetic 
circuit. 

With the material just given, it is possible to give another 
definition of permeability. Permeability is the ratio or the num- 
ber of lines of force set up tna cubic centimeter of the magnetic 
material by a magnetizing force of one filbert to the number of 
lines of force that would be set up by onefiibert to -a cubic cen- 
timeter of air. 

10. gtECTROMAGNETS. When discussing the theory ofiagnetism, 
we learned that the magnetic field of a permanent magnet was Caused 
by the motion of the revolving electrons. Thus,,we should sispect 
that an electric current which consists of á flow of electrons along 
a conductor would also produce'a magnetic field.. This can be dem- 
onstrated by the following experiment. 

FIg.25 Mapping the 
Magnetic Lines of Force 
About e Wire Carrying 
Current. 

Fig.26 End View of 
Wire carrying Current, 
Showing Magnetic Field. 

If a piece of wire is'stuck through a piece of light cardboard. 
so that the wire is in a vertical position and the cardboard is hor- 
izontal, then by connecting a battery to the, terminals of the wire; 
we can, by sprinkling iron filings on this piece of .cardboard and 
tapping it slightly; map the position of the magnetic field about 
the wire. This is shown in Figs. 25 and'26. It ,iá seen that the 
magnetic lines of force form concentric circles about the conductor 
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and that the wire will attract iron filings as shown in Fig. 27. 
By placing a small compass needle near the conductor, we may deter- 
mine the direction of the lines of force and it is found that if 

the current flows from the bottom of the conductor to the top, the 

Fig.27 Illustrating the At- 
traction Between Iron Filings 
and a Conductor Carrying Cur- 
rent. 

magnetic lines of force flow in a clockwise direction about the con- 
ductor. There is a very convenient rule for determining the direc- 
tion of the lines of force about a wire. Point your left thumb in 

the direction in which the current (electrons) is flowing; then the 
fingers of your left hand will curl about the conductor in the di- 
rection of the magnetic lines of force. Try this rule on the con- 
ductors shown in Figs. 28 and 29. This rule may also be used to 

determine the direction of the current flow in a DC circuit it' the 
polarity' of the voltage source is unknown. A small pocket compass 

Thumb indicates the 
direction of 

Current in 

conductor 

Left Hand 

Conductor 

Fingers indicate 
direction of 

rick]. 

Fig.2B Left Hand Thumb Pule: 
for Determining the Direction 
of the Magnetic Lines of Force 
About a wire. 

may be placed close tc one of the conductors of a circuit and the 
direction of flow of the magnetic litres offorce is detennined; then 
by use of the "left-hand rule", the direction of the current is 

easily ascertained. This is illustrated in Fig. 30. If the cur- 
rent flowing in the conductor is increased, more electrons pass a 
given point in the conductor per second and this increased electron 

' Polarity is defined as the property of having opposite poles. Thus a battery 
has polarity since it has a positive and a negative pole. Likewise, a magnet has po- 
larity, since it has a north end south pole. When we say that we do not know the po- 
larity of a voltage source, we mean that we do not know which pole is positive and which 
is negative. 
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flow produces C ¡' -stronger` magnetic field about the oondnotor. The '_ 

greeter the^current, the stronger the magnetic field betimes. 
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F( .29 (Lft) End View Of Conductor with Current Flowing Out of 
the Paper. (Top) Magnetic Field Surrounding a Mire Carrying' Cur- 

r¡l;:' rent. (Right) End View o:f.Conductor Wulf Current Flowing Into the 

The-iagnetio field surrounding a single loop of wire carrying' 
current, is, illustrated in.Fig.,3L ' Notice that -all the oircaler 
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= =lines;of force enter one face of the loop and leave the opposite 
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coil, most of the lines -will -thread through+the whóle coil el shown 
in Pig. 32. If the turns are close together, more of the lines 
will flow through the coil and fewer will encircle the separate 
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turns. (See Fig. 33.) This, of course, increases the flux at the 
two ends of the coil. This may be explained by considering Fig. 34 
which illustrates a longitudinal section. The field in the space 
between turns 2 and 4 is practically free from magnetic lines since 
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Magnetic Fields Around Two Coils. 

Fig. 33 

the field about one turn neutralizes the field about the other. A 
coil of this type is often called a "helix", or a "solenoid". 

Fig. 35 illustrates the magnetic field about a coil. It is 
seen to be very similar to the field about a bar magnet. That end 
of the coil from which the magnetic lines of force emerge is the 
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Fig.3u Field Around 
Turns in a Coil 
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Fig.35 Mapping the 
Magnetic Field Around 
a Coil 

n 

() u t 
Fig.36 Left Hand 

Thumb Rule for Deter- 
mining the Magnetic 
Polarity of e Coil 

north pole of the coil, while the opposite end, where the magnetic 
lines of force enter, is the south pole. Also, we can prove that a 
coil carrying current acts like a bar magnet by placing a pocket 
compass first near one end, then the other. lie end of the coil 
attracts the north pole of the compass while the opposite end at- 
tracts the south pole of the compass. There is another "thumb rule" 
for determining the magnetic polarity of a coil. Place the fingers 
of your left hand around the coil so that they point in the direc- 
tion of the current flow. Your thumb will then point toward the 
north pole -of the coil.' Notice that the magnetic polarity of the 
coil depends not only on the direction of current flow, but also 

1 Both this thumo rule and the preceding one are based on the fact that current 
flows from negative to positive, as proved by the electron theory. In some texts which 
use the older Idea of current flowing from positive to negative. you will find corres- 
ponding rules in which the 'right-hand rule' is employed. (See Fig.36.) 
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upon the direction in which the coil is.wound. The magnetic polar- 
ity of a coil can be changed either by reversing the current or by 
winding the coil in the opposite direction. If the current flawing 
through a coil is increased, the magnetic field about each turn is 
strengthened and, as a result, the total magnetic flux threading 
through the coil is made correspondingly greater. 

By placing a soft iron bar within the center of the coil, the 
strength of the magnetic field can be greatly increased with the 
same amount of current flowing through the coil. The reluctance of 
an iron bar is considerably less than that of air and so by decreas- 
ing the reluctance of part of the magnetic circuit, a much stronger 
Magnetic field is produced by the same amount of magnetizing force. 
Fig. 37 shows the field about a coil which has an iron core. Notice 
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Fig )7 Magnetic Field Around Fig.,' Illustrating the Mean- 
a Coil which has an Iron Core. ing of Ampere-Turns. 

that most of the lines are confined within the iron core itself; 
that is, its reluctance is so low compared to air that nearly all 
of the lines will flow through it. Since the field about each turn 
of the coil adds to the field about all of the other turns, it is 
possible, by increasing the number of turns on the coil, to increase 
'the magnetic field for a given amount of current flowing_ The mag- 
netizing force, measured in gilberts, is equal to 1.26 times the 
current flowing times the number of turns. The current must be 
expressed in amperes. Usually, however, we are not interested in 
the amount of magnetizing force, but only'the relative amount be- 
tween different coils which have the same kind of core. We can 
express this relative amount by multiplying the current in amperes 
by the number of turns on.the °oil. This product is known as the 
"ampere -tarns" of that particular coil. example, 4e,a coil of 
20 turns has 1 ere of current flowing through it,-thereare 20 
ampere -turns of magnetizing force as shown in Fig. 3Q. The same 
magnetizing force could be secured with a coil of 10 turns having 
2 amperes flowing through it. If 2 amperes flow through 25 turns, 
the magnetizing force is 50 ampere -turns. 

It is not possible to increase the ampere tar's of a ooil by 
mera winding more turns oa the coil. For example, suppose that 
a coil of 100 turns has a resistance of 100 ohms. If 100 volts are 
applied across this coil, then by Ohm's Lair (I - E+R), 1 amp ere of 
current will flow through the coil. The ampere -turns are 100 turns 
x 1 ampere - 100. Bywinding 100 more turns on this same °oil, the 
resistance of the whole coil (200 turns) increases to 200 ohms. 
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With the same 100 volts applied, there will he .5 ,dnpere through 
the coil and the ampere -turns are .5 ampere x 200 turns = 100. 
Since the resistance of the coil increases directly with the number 
of turns, the addition of more turns serves to decrease the current 
and the number of ampere -turns do not change. To increase the num- 
ber of ampere -turns, the applied voltage must be increased or larg- 
er wire, which has a lower resistance, must be used in the construc- 
tion of the coil. 

To summarize, the three things that determine the strength of 
the magnetic field about a coil are: 

1. The amount of current flowing. 
2. The number of turns on the coil. 
3. The permeability of the core. 

The magnetic field around ant electromagnet is usually many 
times greater than the magnetic field of the best permanent magnet 
obtainable. For that reason, electromagnets are used almost exclu- 
sively in Radio and Television work. 

Electromagnets can he constructed to pick up and carry several 
tons of iron. They are known as hoisting magnets and are used ex- 
teneively in steel mills to carry scrap iron from one end of the 
mill to the other. These magnets are used in connection with a 
traveling derrick or crane. The magnet is lowered by the derrick 
to the pile of scrap iron and is then energized by allowing current 
to flow through its coils. After it has attracted large particles 
of scrap iron, it is moved to the opposite end of the mill. The cur- 
rent through the coils of the magnet is now cut off and the magnet 
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Fig.39 Cross -Sectional view of Electromagnet Used for Carrying Heavy Loads. 

allows its load to fall. The cores of these magnets, as well as 
all other electromagnets, are made of soft iron which has a very 
low retentivity. l'ig. °19 shows a cross-sectional view of a large 
hoisting magnet. A permanent magnet is made by subjecting a piece 
of' unmargnetized steel to the influence of an intense magnetizing 
force. This may be accomplished by placing the piece of steel in- 
side of a coil through which a large direct current flows. The 
magnetic flux produced by the coil flows through the piece of steel 
and in so doing aligns many of its molecules. This process usual- 
ly requires only aa, few seconds. Sometimes the field coils of a 
generator can be used for this purpose. Fig. 40 illustrates sev- 
eral methods of producing artificial permanent magnets. 
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11. MAGNETIC SHIELDS. If it is desired to shield a partic- 
ular object from a magnetic field, a piece of glass, brass, wood, 

or rubber between the object and the magnet would be very ineffec- 
tive. It would be noticed that the magnetic'liltes of force pass 
through these materials the same as though they were not present. 
This is due to the fact that all these materials have the same re- 
luctance as air. If a sheet of iron is placed between the magnet 
and object, the iron acts as a magnetic shield, preventing the ma- 
jority of the lines of force from passing through the object. This 
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Fig.k0 Methods of Making Permanent Magnets. 

shielding effect is due to the lower reluctance of the magnetic 
screening material, which causes the lines of force to take the 
easiest path through the magnetic shield. Therefore, to shield 
an object from a steady magnetic field, it must be enclosed in a 
solid iron case. It should be realized that no material will per- 
fectly shield an object from a magnet. Just as there is no perfect 
insulator or conductor of electricity, likewise, there is no per- 
fect magnetic shield. Soft iron is the best shielding material 
so far discovered and the results obtained by emplcying this sub- 
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Fig.a1 Illustrating Magnetic Shielding. 

stance are sufficiently satisfactory to warrant its use. Fig. 41 
illustrates magnetic shielding. 

12. SUMMARY OF LAWS AND TERMS USED IN THIS LESSON. In the 
study of any subject you will find there are certain fundamental 
laws which should be mastered before a complete understanding of 
the subject is possible. or example, in the study of medicine, 
you would need to learn the various terms which are part of the 
technical language of this profession --certain basic laws upon 
which all subsequent learning is founded. In previous lessons, 
there have been introduced a number of definitions which describe 
the action of an electrical circuit under various conditions. Mag- 
netism, a subject inseparably associated with electricity, also has 
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its technical terms and definitions. T6 facilitate the learning of 
these fundamental laws, we have selected the most important ones 
contained in this lesson and are listing them in the following sum- 
marized form. We believe you will find this a convenient method 
for referring to the highlights of this lesson. 

1. Attraction and Repulsion. 
Attraction can exist between either pole of a magnet Ind a 

piece of unmegnetized magnetic material. There will also be at- 
traction between the north pole of one magnet and the south pole 
of another. There will be repulsion between like poles of two mag- 
nets; that is, between two north or two south poles. In a simpler 
way, we can state that like poles repel, while unlike poles attract. 

2. Magnetic Lines of Force. 
A magnetic line of force is an imaginary line Which is drawn 

from the north pole of a magnet through the surrounding air to the 
south pole of the magnet and then through the magnet from its south 
pole to its north pole. Any point in this line represents the di- 
rection in which a compass needle would point if situated at that 
spot... These lines form closed loops, never cross each other and 
are always trying to shorten their length. Many such lines may be 
drawn through the air from the north pole to the south pole of the 
magnet.. In fact, we can select any point in the vicinity of the 
magnet and draw a line so that it passes through that point. 

3. Magnetic Field. 
The field of a magnet is the space surrounding the magnet in 

which the forces of attraction or repulsion make themselves evi- 
dent. Or, we cad define the field as the space surrounding the 
magnet in which the magnetic lines of force are situated. Close 
to the magnet, the field is'strong; that is, the forces of attrac- 
tion or repulsion are relatively great. As we progress outward 
from the magnet, the field becomes weaker and the attracting and 
repelling forces are less noticeable. The magnetic lines of force 
not only show the direction of the attracting and repelling forces, 
but also their strength at any point in the field. Where the lines 
are close together, the field is strong and where the lines are 
widely spaced, the field is weak. The field of a magnet at any 
point is often expressed as so many lines per square inch or per 
square centimeter. 

4. Flux. 
The ten flux is defined as a continuous flowing. We can 

think of the magnetic lines of force as flowing from one pole to 
the other pole of the magnet. Therefore, these linea, taken as a 
whole, are known as the magnetic flux. 

5. Retentivity. 
Retentivity is the ability of a magnetic material to retain 

some of its magnetism after it has been removed from the influence 
of the original magnetizing force. Various grades of iron and 
steel have different retentivities. A permanent magnet should be 
made of a substance having a high retentivity and since very hard 
steel has the greatest retentivity of all magnetic materials, perm- 
anent magnets are usually made of this substance. 
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6. Permeability. 
Permeability is a measure of the readiness or ease with which 

a material allows the creation of magnetic lines of force within 

itself. If the permeability of a substance is high, it is relay 

tively easy to add magnetic lines of force to this substance. On 
the other hand, if the substance has a low permeability, it is very 

difficult to add magnetic lines, of force to the substance. In the 

section on the theory of magnetism, we found that the magnetization 

of a magnetic material consisted of aligning the molecules of the 
materiel so that all. of their north poles pointed toward one end 

and their south poles toward the opposite end. We also saw that 

it was possible to align all of the molecules of the substance, in. 

which case the material was said to be saturated with magnetism. 

If a magnet has so many magnetic lines of force flowing through it 

that it is near the saturation point, it is very difficult to add 

more lines of force to the magnet. Therefore, we can say that at 

that point, the permeability of the substance is low. In recent 

years, two new magnetic alloys have been produced which have very 

high permeabilities. They are permalloy and alnico. 

7. Residual magnetism. 
Residual magnetism is the amount of magnetism or number of 

magnetic lines of force that are left in a material when the mag- 

netizing force has been removed. Soft iron possesses very little 

residual magnetism. The amount of residual magnetism in any mar 
terial depends Upon the retentivity of the material and the inten- 

sity of the magnetizing force. 

8. tainetomottue Force. 
etomotive force is the force which produces the magnetiz- 

ing action in a magnetic circuit. llagnetomotive force is to the 

magnetic circuit what electromotive force (voltage) is to the elec- 

trical circuit. It is the force'mhich aligns the molecules and es- 

tablishes the magnetic lines of force. 

9. Reluctance. 
Reluctance is the opposition which a substance offers to the 

flow of agnetic'lines of force through, it. It could be called 

"megnetic'resistance", since it opposes the flow of the magnetic 

lines of force in the sale manner that electrical resistance op- 

poses the flow of current . We know that the word "reluctant" means 
unwilling, We may, therefore, say that the reluctance of a sub- 

stance igthe "unwillingness"or the "hindrance" which the substance 

offers to the magnetic flux. The reluctance of iron and steel is 

low. Thus, a piece of iron in a magnetic field offers less reluc- 

tance than air to the magnetic lines. Therefore the limes become 

ki denser in the iron, making it a magnet. With a given agaetomotive 

force, the amount of magnetic flux that is created depends upon the 

reluctance of the magnetic circuit. 

10. Ampere -turns. 
Ampere -turns isan expression which. represents the strength of 

the magnetizing or magnetomotive force present Dian electromagnet. 

It is found by multiplying the number of amperes of current flowing 

through the coil or electromagnet by the number of turns wound on 

the coil. The more ampere -turns, the greater is the magnetizing 

force. 
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11. Factors determininé strength of an electromaénetic field. 

To create a strong field about an electromagnet requires, first, 
7, large magnetomotive force. 'Phis is accomplished by winding many 
turns of wire upon a coil form and then using a voltage (Treat 
enough to force sufficient current through the coil so that the 

number of ampere -turns produced is large. Next, a low reluctance 
path for the magnetic flux must be provided. This may be done by 
using soft iron as the core of the coil. We may say, then, that the 
factors which determine the strength of the field about, an electro- 
magnet are: first, the number of turns in the coil; second, the 
amount of current flowing through it; third, the reluctance of the 
magnetic circuit. 
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THOMAS ALVA EDISON 
he never lost his love for work) 

The snap of a tiny switch and a room or vast assembly hall is 

brilliantly illuminated by incandescent lamps just one of the 

many amazing contributions to civilization created by the fertile 

mind and dynamic energy of Thomas Alva Edison. 

torn in the quiet little town of Milan, Ohio, young Edison's 

curiosity led him from one startling event to another. When he 

was six years of age, it is said that he decided to find out where 

the mother goose got her goslings, so he proceeded to sit on a 

nest of goose eggs. Needless to say, this experiment did not 

prove to be successful. Entering school, he again encountered 

disappointment, for although he possessed an active mind, he 

seemed destined to remain at the foot of his class. As a result, 

he left school and continued his education under the guidance of 

his sympathetic mother. 

As time passed, he found it necessary to earn money, so he 

applied for a job as 'train boy' on the Grani Trunk Railroad. He 

sold candies, peanuts, papers and a general assortment of things 

that appealed to the traveller. Then he conceived the idea of 

printing his own newspaper, the Weekly Heráld. He bought an old 

press, some type and set himself up in the publishing business in 

one of the cars that was used very little. The modest little 

paper was a success and Edison made forty-five dollars each month 

from his venture. In addition to the printing press, he was per- 

mitted to have a laboratory in the car, where he conducted experi- 

ments. One day, the bumping of the car sent a bottle of phosphor- 

us crashing to the floor where it set fire to the woodwork. The 

conductor, incensed at what he thought was pure carelessness, boxed 

young Edison's ears so effectively that he suffered permanent, but 

not complete, deafness, a tragic blow to the young man. But in- 

stead of seeking sympathy, he continued his experiments in a room 

provided by his father. 

Now drama entered his life. He saved a baby that had wand- 

ered onto the railroad tracks and the grateful father offered to 

teach him telegraphy. Edison was such an apt pupil that he was 

soon able to secure a job as a telegraph operator. He attempted 

to experiment by day and operate by night, and as a result, lost 

his job because he fell asleep. Job followed job, and again his 

inquisitive mind produced trouble. While securing some sulphuric 
acid from the battery room, he spilled the container. The acid 

'ate' holes in the floor and dropped down to the manager's office 
where it continued to 'eat' in a very thorough manner. On the 

following day, Edison was given his final pay check and an invita- 

tion to leave. He turned homeward and remained with his parents 
for many months. Trouble, trouble and more trouble all caused 
by his desire to experiment. 

But now a ray of sunshine peeped through the dark clouds. 
The Grank Trunk Railroad had adopted one of his devices that made 
it possible to use a single submarine cable for two circuits. 
Thomas Alva Edison was on his way to world-wide fame. 

(NOTE: The interesting story of the life of Thomas Alva 
Edison will be continued in future lessons.) 
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Lesson Ten 

Coils and 
Inductive 

Reactance 

"Permanent magnets were dis- 
covered before electromagnets. 
Therefore, in the preceding lesson 
you studied about permanent magnets, 
followed by a short introduction to electromagnets. 

"In this lesson, I am going to give you an insight into some 
of the important uses of coils in the functioning of Radio and 
Television apparatus. Besides learning about how coils function, 
you will be given some important formulas. It is not necessary 
for you to memorize this information, but you should become thor- 
oughly familiar with it." 

1. ELECTROMAGNETIC INDUCTION: About 1831, both Michael Fara- 
day and Joseph Henryiscovered that it was possible to change mag- 
netic energy directly into electrical energy. The method of pro- 
ducing en electrical current by the use of magnets is the underly- 
ing principle of the electric generator which has made the modern 
age of electricity possible. 

Electromagnetic induction may be demonstrated with a simple 
arrangement as shown in Fig. 1. A single conductor wound to form 
a two -turn coil is situated in the magnetic field between the poles 
of a horseshoe magnet. A galvanometer is connected across the two 
free ends of the two -turn coil. A galvanometer is an electrical 
instrument capable of measuring extremely small vales of current. 
It has a scale with zero at the center and the needle can deflect 
in either direction from its normal midposition, depeiding upon 
the direction of current flow through the instrument. The two ter- 
minals on a galvanometer are not marked positive and negative, so 
the direction of connection is immaterial. It can, however, be used 
only for direct current measurements. The symbol for a galvanometer 
is shown in Fig. 2. 
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In Fig. 1, if the two -turn coil of wire is moved up and down 
over the south pole of the magnet, it is found that a current flow 
is produced through the coil. This current flow will be indicated 
by a deflection of the galvanometer needle. As the coil is moved 
down over the south pole, the galvanometer needle will deflect to 
the right; then as the coil is moved up over the same pole, the 
galvanometer needle deflects to the left of its zero midposition. 

Horseshoe 
Magnet 

Two -Turn Coil 

Galvanometer 

Fig.1 Illustrating electromag- 
netic induction. The arrows indi- 
cate the direction of current flow 
through the coil when it is moved 
up. when the coil is moved down, 
the current will reverse. 

Fig.2 Symbol for 
a galvanometer. 

We have previously learned that an electrical pressure, or 
voltage, is always necessary in order to produce a current flow; 
hence, in this experiment, it is quite evident that the movement of 
the coil up and down through the magnetic lines of force surrounding 
the permanent magnet has produced an electromotive force or volt- 
age in the turns of the coil. This voltage causes a current to 
flow through the conducting wire and the current is indicated by 
the deflection of the galvanometer needle. An electrical voltage 
produced in this manner is called an "induced voltage". 

If the coil of wire is allowed to remain stationary and the 
horseshoe magnet is moved up and down through the coil, a similar 
occurrence will be noticed; that is, the galvanometer needle will 
deflect. This deflection indicates that a currentis passing through 
the coil and that a voltage is being induced into the coil. From 
this we may conclude that it is immaterial as to whether the coil 
is moved up and down over the pole leg of the horseshoe magnet, or 
whether the coil is allowed to remain stationary and the pole leg 
of the magnet is moved up and down through the coil of wire. In 
both cases, a voltage was induced in the coil of wire and a current 
flow was indicated. 

When neither the coil nor magnet is moved, there is no voltage 
induced in the coil. This leads to the conclusion that there must 
be a relative motion between the conducting wire (coil) and the 
magnetic field surrounding the magnet in order to induce a voltage. 

From this and many other similar experiments, a general law 
was formed. This law states: Whenever there is a relative motion 
between a magnetic field and a conductor, a voltage is induced in 

the conductor. This law is known as the "Law of Electromagnetic 
Induction" and was first postulated in 1831 by Michael Faraday, the 

famous English physicist and chemist. 
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. 2. INDUCTION IN A STRAIGHT CONDUCTOR. Let us apply the Law 
of Induction to á single straight conductor and point out a few of 
the important facts pertaining'to--this application. ' - 

In Fig. 3, a conductor is shown in the magnetic field -between 
the two poles of a permanent magnet. The first position of the -con- 
ductor is near the top of the south pole face as shown by the dotted 
conductor marked AA'.. Ike conductor is then moved down through the 
magnetic field to the position BB1. During the moveaentóf the con- 
ductor from'position AA' to position BB', there has been -a voltage 
induced in the conductor, because it has been passing or cutting 
through the magnetic lines of forcer If the movement ofihe con-. 
duetor is continued ondown 'to the position CC', there will also 
be a voltage induced. If the conductor is stopped at guy time dur- 
ing its downward movement through the magnetic field, there will 
not be á voltage induced in it, because there must be a relative 
motion between the conductor and -the magnetic field for electro- 
magnetic induction to occur. In.this case "relative motion" means 
that the conductor must shear or.cnt through the magnetic lines of 
force. . .' 

First Position 
of Conductor 

Flux 

Direction' 
of Motion 

Conductor. 
Final Position 
of Conductor 

Fig., Diagram illustrating 
the induction of a'voltage In 
a conductor when it is moved 
through a magnetic field. 

Fig'.t End .viei of Fig.,. 
This shows how a conductor.may 
be moved- through a magnetic 
field in various ways. 

An end view of the conductor movement in Fig. 3 is shown in 
Fig. 4. Moving the conductor down through the magnetic field cor- 
responds to the movement from G to,H in'Fig. 4.- Let is first as- 
sume that the conductor -movement is from position. G. to position G'. 
Since theeaagnetic lines of force between the north end south poles 
of the magnet are straight lines, the «inductor's movement between 
G and G.' will be parallel with -the lines of force: 'When' the .con- 

. doctor is moving parallel to the flux, it will not be shearing or 
cutting through the lines of force; hence, there will be no voltage 
indºced.in it. Bear in mind that it is absolutely essential for a 
conductor to out through magnetic lines of force or for the magnet- 
ic lines. of force to cut through the conductor .in -order to induce 

Í a voltage. 3 



Referring again to Fig. 4, if the conductor is moved at an 
angle through the magnetic field, such as from G' to H, it is seen 
that the conductor will be cutting through or shearing the lines 
of force; hence, there will be a voltage induced in the conductor. 

The strength of the voltage induced in a conductor is a very 
important fact associated with the process of induction. Assuming 
that the speed of the conductor is the same, the movement of the 
conductor from G to ll will result in a greater induced voltage than 
when it is moved from G' to H. There will be no voltage induced, 
regardless of speed, when the conductor is moved parallel to the 
lines of force between G and G'. Since the distance from G to H 

is shorter than the distance from G' to H, there will be a greater 
voltage induced when the conductor is moved from G to H, than when 
it is moved from G' to H, assuming that the speed is the same in 

each case. The reason for the greater voltage is that per unit of 
time, the conductor will cut or shear through more lines of force 
when passing from G to H. 

If a conductor is moved slowly through acertain distance, for 
example from G to H (Fig. 4), and then is moved more rapidly through 
the same distance, it will be found that when the conductor is moved 
rapidly through this distance, the induced voltage will be greater. 
The same reason can be given for this fact as was stated previous- 
ly; that is, per unit of time, the number of lines of force cut or 
sheared by a conductor will be greater. 

When a given length of conductor is moved at right angles to 

a given magnetic field, there are two factors determining the strength 
of the induced voltage. These are: 

1. The strength of the field. 
2. The speed of the conductor. 

Referring to Fig. 4, the stronger the magnetic field between 
the north and south poles, the greater will be the induced voltage 
and the faster the conductor is moved through the field (consider- 
ing only at right angles; that is, G to H), the greater will be the 
induced voltage. 

3. INDUCTION IN A COIL. Fig. 5 illustrates three different 
types of coils and their symbols. At A is shown a coil which is 
wound on an iron core. The material inside of the coil wtndiné is 

always called the core. Immediately below the iron core coil are 
shown two symbols, either of which may be used to represent an iron 
core coil. The parallel lines drawn through the symbol or to one 
side of the symbol indicate the presence of iron in the core. At 
B and C are shown two air core coils and the representative symbol 
is given directly below. The actual number of turns on the coil 
has no hearing on the number of loops in the symbol which is used 
for its representation on a wiring diagram. The number of loops 
shown on the symbol are generally determined only by convenience. 

A coil consists of a long conductor wound in turns around a 

circular form. The core of a coil means the material through the 
center of the form on which the coil is wound. The core is gener- 
ally air or iron. Other materials are used in special cases. 
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When a coil of wire is moved through or cut by a magnetic 

field, there will be a voltage induced in the coil. This stands 

to reason because we have just explained how induction occurs in 

a conductor and all coils consist of conductors. The strength of 

the voltage induced in the coil when it is cut by or moved through 

a magnetic field will depend upon the same two factors which af- 

(A) 

; ; . Rr,*. 

(B) 
4QQQr 

Fig.5 Photographs and symbols for iron core and air core coils. 

fect the voltage induced in a straight conductor and also upon the 

number of turns on the coil which are cut by the nagnetic field. 

Winding a long conductor in several adjacent turns to form a coil 

is merely a method of exposing a longer wire to the magnetic field, 
thereby securing a greater induced voltage when it is moved through 

the magnetic field at a certain speed. Flux 

Bar Magnet -- 

Co i l of. 
--- M i re\ 

Fig.6 Diagrams illustrating how a voltage may be induced in a 

coil. The apparatus is shown on the left, and a cross-sectional 
view showing how the lines of force cut through the turns on the 
coil is shown on the right. 

Referring to Fig. 6., when the permanent bar magnet is dropped 

down into or pulled out of the center of the coil, the strength of 

the voltage induced in the coil winding will depend upon: 

1. The strength of the field around the magnet. 

2. The speed at which the magnet is moved. 

3. The number of turns on the coil. 

The greater the field strength, the faster the speed; the pore turns 
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on the ()oil, the higher will be the value of the induced voltage. 
It will be noted that the determining factors of the voltage induced 
in a coil are the same -as these. determining the voltage induced in 
a straight conductor except that,we must.also take into considera- 
tion the number of turns on the coil which are cut by' or moved 
through' the magnetic field. Those turns on á coil winding which 
are not cut by a magnetic field will not be effective in determin- 
ing the induced voltage. However, in the design of apparatus of 
this type, the coil is generally constructed and the magnetic path 
is properly arranged so that all of the turns on the coil winding 
will be cut by the magnetic field, in which case all of the turns 
on the coil will be effective in determining the induced voltage. 
As shown by the cross-sectional view in Fig. 6, when the bar magnet 
is moved down into or pulled out of the center of the coil, the mag- 
netic flux surrounding the bar magnet will cut through each turn 
on the coil winding. With a given strength of magnetic field around 
the magnet and with a given speed at which the magnet.is moved, the 
more turns wound on the coil, the greater the induced voltage in 

the coil windings. 

Conductor Being Moved 
Downw.rd Through Flux 

Ma etic Fli.x 
Fig.7 Illustrating Lenz's 

yam_ Law. Magnetic repulsion is 
encountered as the current- 
carrying conductor Is moved 
through the flux. 

. DIRECTION OF INDUCED VOLTAGE. The direction of an induced 
voltage in a straight conductor or in a coil will always be in ac- 
cordance with a fundamental electrical law; namely, Lenz's Law. 
Lenz's Law states: The direction of an induced voltage is such that 
the current impelled by it will set up a magnetic field which op- 
poses the magnetic field that induced the voltage. 

To make this definition of Lenz's Law clear, let us refer to 
Fig. 7. The conductor is being moved through the magnetic field 
between the north and south poles of the magnet. A voltage will 
be induced in the conductor (Law of Induction) and if the circuit 
.is complete, a current will flow through the conductor. Assuming 
that the circuit is complete, the current will flow through the con- 
ductor in such a direction as to set up a magnetic field which op- 
poses the magnetic field between the north and south poles of the 
permanent magnet. The small arrows around the conductor indicate. 
the direction of the field produced around the conductor and it 

will, be noted that these lines of force are opposing the original 
lines of force that induced the voltage. Lenz's,Law states that 
this opposition will exist. This repulsion may be clearly seen by 
referring to Fig. 8. In this figure, the magnetic field of the 
permanent magnet alone is shown at A; thenat B, the magnetic field 
surrounding the conductor alone is showó. At C, the two magnetic 

1 fields are combined. It is seen that the magnetic field surround- 
ing the conductor is causing considerable opposition against the 
magnetic field existing between the poles óf the permanent magnet, 

resulting in a distortion of both magnetic fields. 
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Since this opposition or magnetic repulsion does exist, it trill ' 

be necessaryto apply sufficient mechanical force to overcome the 

magnetic repulsion in order to move the conductor on down through 

the magnetic field between the poles of the magnet. This statement 

should be studied'with the fact in mind that it is impossible to 

create energy. The example clearly shows that the applicationof 
mechanical energy to the conductor is necessary in order to produce 

electrical energy (voltage) in the conductor. A conversion of en- 

ergy from the mechanical form to the electrical form is taking - 

place, 'but energy is not'being created or lost. 

By studying the foregoing illustrations and explanation, it 

may be seen that the magnetic field produced by a. current flowing 

(A) (B) 
(C) 

Flp.s Illust'ratinp Lenz's Law. Flux between poles shown at A. 

Field around conductor shown at O. At C. both fields are co.bined. 

under the pressure of'an induced voltage opposes the magnetic field. 

which originally induced the voltage. This is Lenz's Law. 

Lenz's Law may be applied to all electrical circuits in which 

there is a relative -movement between a, conductor and a. magnetic 

field. Since all coils and transformers depend on the Law of In- 

duction for their operation, Lenz's Lay will apply to their every 

action. For this reason, it is a very important -law. As we con- 

tinue through our studies, Lenz's Law will be applied in several 

cases. At the present time, the 'student should be sufficiently 

familiar with Lenz's Law to recognize the necessity for application 

when the occasion arises and -be capable of understanding it. 
The application of Lenz's Law to a coil nay be seen by refer- 

ring to the simplified drawing shown in Fig. 9. -At A the perm-, 
nent magnet with its north and south poles respectively is being 

dropped down through the center of the coil winding. The magnetic 

flux around the permanent magnet will be cutting through the turns 

of the coil and inducing a voltage therein. Since the external cir- 

cuit is completed (through the voltmeter), a current will flow 

through the coil windings. This current flow will be in such a. di- 

rection as to set up a magnetic field around the coil windings so. 

as to oppose the magnetic field around the permanent magnet. In 

other words, a north pole will be produced at the top of the coil 

winding and a south pole at the bottom. The north pole et the top 

of the coil winding will repel the north pole of the permanent Mag- 

net which is being dropped down into the coil. 

At B, Fig. 9, the permanent magnet is. being drawn out of the 

coil winding. Since the magnetic lines of force around the perma- 

nent magnet are cutting through the turns on the coil in the oppo- 

site direction, a voltage of opposite. polarity will be induced in 

the coil., 'This causes a current to flow in the opposite direction 

through the coil winding, thus setting up a magnetic field around 
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the óoil in the opposite direction. As will be noticed, a south 
pole is produced at the top of the coil winding and a north'pole, 
at the bottom. Due to the attraction existing between. the south 
pole. at the top of the coil winding and. the north pole of the.per- 
manent magnet,the permanent magnet must be pulled out of the coil 
against this force. of attraction. 
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FIg.9 illustrating the application of Lanza Law toy coil,.l Magnetic repulsion opposes the movement of the magnet into the 
coil end magnetic attraction 'opposes the movement of the magnet 
out of the coil. 

First it was necessary to overcome the force- of repulsion in 
order to push the permanent magnet down in the coil; then it was 
necessary to overcome the force of attraction in order to pull the 

' magnet oat of the coil. These examples serve to illustrate the 
application of Lenz'.s Law -to a coil. The direction of the current 
flow through the coil at A and at B, Fig. 9, can be proved by the 
left-hand rule as given in a preceding lesson. The current flow 
through a coil will always be in such a direction as to oppose the 
motion of a magnetic field which induced the voltages in the coil. 
This is Lenz' -s Law. 

- 

Voltmeter . 

FIg.10 Illustrating the 
. simple process of mutual 
induction by moving an e- 
lectromagnet in and out ..of 
a stationary coil., 

f ' 

Dry Cell 

5. MUTUAL INDUCTION. Instead of using a permanent magnet for 
the induction of a voltage in a coil as shown in. Fig. 9, let us use 
an electromagnet as shown in Fig. 10. The battery in Fig. 10 is 
forcing a current through the movable coil which is being held above, 
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the stationary coil. As a general rule, the strength of the mag- 

netic field surrounding an electromagnet is much stronger than a 
magnetic field surrounding a permanent magnet. The magnetic field 

surrounding an electromagnet has the same properties as the magnetic 

field surrounding a permanent magnet. Hence, as the electromagnet 

in Fig.. 10 is dropped down through the center of the stationary 

coil, a voltage will be induced in the stationary coil. The strength 

of this voltage will depend upon the same factors which govern the 
voltage induced in a coil by a permanent magnet. They are: 

1. The strength of the field surrounding the electromagnet. 
2. The speed at which the electromagnet is moved through 

the stationary coil. 
3. The number of turns on the stationary coil. 

Lena's Law applies to this electromagnetic circuit the same as 

it applied to the permanent magnetic circuit. There is no differ- 

ence between the induction of a voltage in a coil with the field 

surrounding an electromagnet and the induction of a voltage in.a 

coil with the field surrounding a permanent magnet. The.only ex- 

ception is that, as stated before, the field around an electromag- 

net is usually stronger than the field around a permanent magnet; 

hence, the use of an electromagnet generally results in the,induc- 

tion of a greater voltage. 

As long as there is a relative movement between the electro- 

magnet and the turns on the coil shown in Fig. 10, there will be 

e voltage induced in the coil. At this point, let us pause briefly 

and review exactly what is taking place in the circuit. First, we 

have an electrical voltage producing a current: flow through the 

movable coil, thus causingthe movable coil to become an electro- 

magnet. Then, by a relaive motion, between this electromagnet 

and a stationary coil, a voltage is being produced in the station- 

ary ooil. Notice that there is no direct connection between the 

electromagnet and the stationary coil. The only relationship be- 

tween the electromagnet and the stationary coil is that the process 

of induction is occurring between them. Whenever induction occurs 

between two coils, the process is known as mutual induction. A more 

complete definition is: Mutual induction is the transfer of an 

electrical voltage from one coil or circuit into another coil or 

circuit by means of the relative motion between a magnetic field 

and a conductor. 
' When speaking of the mutual induction between two coils the. 

coil to which the voltage is applied is always called the primary 

°oil and the coil into which the voltage.isinduced is always called 

the secondary coil. The process of transferring an electrical. volt-. 

age from a primary coil to a secondary coil_depends entirely upon - 

the fact that the coils are so mutually related to each other that 

the process of induction can take place. 

6. EFFECT OF DC THROUGH THE PRIMARY. The magnetic field sur- 

rounding the current -carrying coil in -Fig. 10 is a steady field, 

because the current passing through the coil does not change. If 

the electromagnet were allowed to rest at the bottom. of the sta- 

tionary coil, there would be no relative movement between the sag - 
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netic flux and. the turns.on the coil; hence; there would be no volt- 
age induced. Let us -assume that the electromagnet (primary coil) 
is allowed to rest at the bottom of the stationary coil, then break 
one of the connecting leads as shown in Fig. 11.' When this wire is 
broken, there will be no current passing through the primary coil; 
hence,.'the field which formerly existed around it will collapse. 
This field, in collapsing; will fall back through the turns 'on the 
coil, resulting in an instantaneous voltage being induced in the 
coil. Now suppose that we touch the two broken ends together, thus 

Primary Coil or Winding 

Fig.11 Illustrating mutual 
induction by making and break- 
ing the primary circuit. 

...,,Dry Cell 

t 
a, 

Secondary Coil or winding 

allowing a current to again pass through the primary coil. As the 
current flows through the primary coil again, the magnetic field 
builds up around it. The turns on the coil are again cut by the 
expanding field and another voltage is induced_ in the secondary. 
This induced voltage, however, is an instantaneous voltage,. because 
mutual induction occurs only while the field is expanding outward 
from the primary coil. -As soon as the expanding field Attains its' 
maximum strength, the lines of force around the primary will remain 
stationary and there will -be no mutual induction into the secondary. 
coil. Breaking the circuit again would allow the magnetic field to 
collapse, resulting in another instantaneous induced voltage. 

From this we may conclude that when a pure DC voltage is ap- 
plied to the primary, a voltage will be 'induced in the' secondary 
only while the field around the primary is building up to its max- 
is= value. Then, if the primary circuit is opened, the collapsing 
magnetic field will again induce an instantaneous voltage in the 
secondary. As long as the current through the stationary primary 
coil remains at á steady'value, there will be no induction into the 
secondary because there is no relative movement between the magnet- 
ic field around the primary and the turns on the secondary. 

Primary Secondary 
F 1 12 Wiring diagram Coil Coil 

illustrating how mutual 
induction can be secured 
by making and breaking 

- Volts ' 
b r1 the primary circuit. 

T1, b Galvanometer 

Switch 

Now let us refer' to the wiring diagram shown in Fig. 12. In 
this circuit, the six -volt battery is connected through a switch 
to the primary coil and a galvanometer is connected across the sec - 
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ondary coil. As long as the switch in the primary circuit remains 
open, there will be no current passing through the primary; hence, 
no voltage will be induced in the secondary. When the switch in 
the primary' circuit is closed, the current will build up to a cer- 
tain value through the primary coil and, as this current builds up, 
the magnetic field will be expanding around the primary coil, cut- 
ting through the turns of the secondary coil and inducing -a voltage 
therein. This voltage will be indicated by' a momentary deflection 
of the galvanometer needle in one direction; for example, to the 
right. Thereafter, as lone as the switch remains closed, the mag- 
netic field around the primary will remain stationary' and since 
there is no relative movement between the field and the secondary 
turns, the galvanometer will be reading zero at its center position. 
Now, suppose that the switch in the primary circuit is opened. As 
the switch is opened, the current through the primary will drop to 
zero; hence, the magnetic field which formerly existed around the 
primary coil will collapse. In collapsing, this magnetic field 
will cut through the turns on the secondary coil, resulting in an- 
other instantaneous voltage being induced in the secondary. This 
voltage will be indicated by a momentary deflection of the galva- 
nometer. Since the galvanometer needle indicated to the right when 
the switch was closed, it will deflect to -the left when the switch 
is opened. 

Rheostat 

FIQ.1 A rheostat has 
been inserted for the 
purpose of champing the 
primary current. 

lvanoweter 

Let us next investigate the effect of a pulsating DC current 
through the primary. Referring to Fig. 13, the same circuit is 
shown as in Fig. 12, except that a rheostat has been connected in 
series with the primary. Now, when the switch is closed in the 
primary circuit, a momentary deflection of the galvanometer will 
indicate a voltage being induced in the secondary, after which the 
needle will return to zero. The current passing through the pri- 
mary winding can be varied by chancing the movable arm on the rheo- 
stat which is connected in series with the primary circuit. Moving 
the rheostat arm in either direction will change the current. If 
it is moved toward the left, the resistance in the primary circuit 
will be decreased and the current will increase. As the current 
increases, the magnetic field around the yrinary expands, cutting 
through the secondary turns and resulting in an induced voltage as 
indicated by a galvanometer deflection. Moving the arm on the rheo- 
stat to the right will introduce more resistance into the primary 
circuit, resulting in less current flowing through the primary; 
hence, the magnetic field around the primary will collapse and an- 
other voltage will be induced in the secondary coil as will be in- 
dicated by a deflection of the galvanometer needle in the opposite 
direction. Any change in the position of the movable arm on the 
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rheostat mill change the current through 'the primary, thus chang- 
ing the magnetic field around the primary, resulting in 4 voltage 
being induced in the secondary. 

From this discussion, it should be evident that a DC current 
passing through a primary coil will not induce a_voltage into.the 
secondary; however, when a pulsating DC flows through the primary, 

a voltage will be induced on the secondary;sidd.. - 

7. THE EFFECT OF AN ALTERNATING NATING CkURR T IIROUGH A COIL. In 
a previous lesson we learned that an alternating current may be 
represented by a diagram known as a "sine wave". When. an alter- 
nating current is flowing in sine wave for, the current starts 
from zero, rises to its,maximum amplitude on the positive alterna- 
tion, then decreases to zero; rises again to its maximum amplitude 
on the negative alternation and decreases back to zero, thus com- 

pleting one cycle. The suceeding cycles are exactly the same. 

When such - a current is passed through a cóil, the magnetic =field 
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Fig:14 Showing the appearance of the magnetic field around, a. 
coil' when an AC current is passing through it. 

produced around the coil will be as represented in Fi . 14. For sii- 
plicity, the connecting wires to the coil and the AC generator have 
been omitted. At A, the coil is shown with no current passing 
through it and, naturally, there will, be no magnetic field around 
the coil. As the alternating current rises to its maximum ampli- 
tude on.the positive alternation, the magnetic field about the coil 
gradually becomes stronger. When the current has increased to half 
its maxima amplitude on the positive alternation, the field around - 
the coil will be shown at B. At C, the field strength around the 
coil is" shown corresponding to the maximum current which will be 
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flowing on the positive alternation. As the current decreases in 
amplitude. on the positive alternation, the field strength around 
the coil will decrease as shown at D. *When the current reaches zero 
to complete the positive alternation there will be no field. around 
the coil as shown at E. ;Notice that on the positive alternation, 
the direction ,of the magnetic field around the coil has been such 
a.s to create a north pole at the top of'the coil and a south pole 
at the bottom of the coil. .. 

As the alternating current reverses its direction of flow, the 

current passing through the coil will reverse direction; hence, the 
magnetic field set up around the coil will be of opposite polarity; 

that is, the bottom of the coil will now be north and the top south. 

As the current rises to íts maximum amplitude on the negative al- 
ternation, the magnetic field about the coil will build up as shown 

at F, reaching a maximum,at G. Then, as the current recedes to zero 
on the negative,- alternation, the magnetic field will gradually de- 

crease, becoming zero at,d. 
As the alternating current continues to flow through the coil, 

the magnetic field will be built up from zero to maximum; then as 

the current recedes to zero, the magnetic field will collapse ac- 
cordingly.. The changes in the magnetic field around the coil are 
alwgys,in direct relation to the current which is passing through 

the coil. At every increase or decrease of current through the coil 

windings, the magnetic field surrounding the coil will change ac- 
cordingly. , - 

Magnetic 
Flux 

Fig.15 when en AC car- 
rent is passing through 
the primary,. an AC volt- ,ji` 
age will be induced In 
the secondary.. 

. r o9 ° 

- Generator 

ci! 
'%.J. 

8. ALTERNATING CURRENT THROUGH THE PRIMARY WIL., Referring 
*to Fig. 15, a primary coil is shown cdnnected across the alternat- 
ing voltage output of an AC generator. The AC generator will force 
an AC current through the primary coil and, as just explained, the 

.magnetic field around theprimary coil is constantly varying. ' Siñce 

á second coil (the secondary) is located within this varying field, 
it is to ,be expected that mutual induction will occur between the 

two coils. As the current through the primary increases, the mag- 

netic field expands and the lines of force cut through the second- 
ary turns, thus inducing, a -voltage. Likewise as'the current de- 
creases, the lines óf force around the primary collapse, again cut- 
ting the turns of the secondary coil and inducing a voltage. This 

will occur on the negative alternationas well as on the positive 

alternation, the only difference being that the'field is in the op - 
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posite direction; hence, a voltage of opposite polarity will be in- 
duced in the secondary. Since the primary current is alternating, 
that is, first passing in one direction, then in the opposite di- 
rection through the primary coil, the voltage induced in the sec- 
ondary will also be alternating in character. The AC voltmeter con- 
nected across the secondary will indicate the value of the AC volt- 
age induced in the secondary coil. Rear in mind that a DC volt- 
meter cannot be used to measure this secondary voltage. 

Notice in Fig. 15 that we are actually transferring a voltage 
from the primary circuit into the secondary circuit without any di- 
rect physical connection between the two circuits. The only common 
connection is the varying magnetic field around the primary. This 
process of transferring an electrical voltage from the .primary cir- 
cuit to the secondary circuit has previously been defined. It is 

called "mutual induction". A transformation is actually taking 
place; that is, electrical power is being transferred from one cir- 
cuit into another circuit and, for this reason, a device of this 
kind is commonly called a transformer. A transformer may be de- 
fined as a piece of electrical apparatus consisting of two or more 
coils placed in inductive relationship with each other. By the ex- 
pression "inductive relationship" is meant that the two or more 
coils are so situated and arranged that the varying magnetic field 
around one cuts through the turns of the other, thus allowing the 
process of mutual induction to occur. A transformer is a very im- 
portant piece of electrical apparatus, and later in this lesson, a 
more thorough discussion of its operation will be given. 

9. SELF INDUCTION. Self induction is that action occurring 
within a coil whereby any change in the current passing through the 
coil causes a voltage to be induced within the coil itself. This 
self-induced voltage in the coil will always be in such a direction 
that it tends to oppose any change in the current passing through 
the coil. This latter statement is in agreement with Lenz's Law. 
Since th' _,1f -induced voltage always tends to oppose any current 
change throu«n the coil, it is often called the counter -voltage 
or counter-E.M.F. 

Self induction also occurs in a straight conductor; however, 
this action is of little consequence at the present time in our 
studies. A complete discussion will be given later when it has a 
direct application. 

At A, Fig. 16, a coil of wire is shown with a current passing 
through it. The direction of the current is shown by the arrows, 
so the direction of the magnetic field which will be built up around 
the individual turns can be determined by using the left-hand rule. 
The magnetic field is not shown surrounding the coil at A; however, 
it should be remembered that whenever a current passes through any 
coil, a magnetic field will be set up around the coil, thus forming 
an electromagnet. The object of these two drawings is to illustrate 
the magnetic field around the individual turns, rather than the en- 
tire field around the complete coil. A cross-sectional view of the 
coil is shown at B, Fig. 16. A view such as this is obtained when 
the coil at A is sliced in half from end to end. Removing the front 
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half of the coil and allowing the rear half to remain in place pro- 
vides the view as shown at B. Assuming that the current is enter- 
ing the coil from the right-hand side, the magnetic field will be 
built up around the first turn marked 1 before it is built up around 
the next turn, and a magnetic field will be built up around the sec- 
ond turn marked 2 before it is built up around the third turn marked 
3, etc. The expanding magnetic field around the first turn 1 is 
shown and it can be seen that, as this magnetic field expands, it 
will cut through the second turn. Likewise, as the current contin- 
ues to increase through all of the remaining turns on the coil, the 
magnetic field will expand from each individual turn, and in so do- 
ing, wiol cut through the adjacent or neighboring turns on the coil. 
Of course, as soon as the current reaches its maximum value (if it 
is a DC current), the magnetic field will no longer expand around 
the individual turns and the adjacent turns will not be cut. 

Current Out 

Front Half of 
Coil Shown in -+, 
Dotted Lines 

(B) 
A Dot () in the Sectional Eno of a Conductor Indicates that the Direction 
of Current is Out of the Paper Toward the Reader. A Cross (-) indicates 
that the Current is Flowing Away from the Reader. 

Fig.16 Drawings to illustrate how an expanding or collapsing 
field around one turn on a coil will cut through the neighboring 
turns. 

From the fundamental Law of Induction, we know that whenever 
a conductor is cut by magnetic lines of force, a voltage is induced. 
There are no exceptions to this law, so it follows that as the cur- 
rent begins to flow through the coil, the expanding Ragnetic field 
produced around each individual turn will cut through the reighbor- 
ing turns on the coil and induce a voltage therein. here wDactual- 
ly have a voltage being induced within the coil itself, due to the 
current change occurring through the coil windings. If the. current 
passing through the coil is a steady DC current, after it has once 
reached its maximum value, it will not change in amplitude and there 
will be no changing field around the individual turns; hence, there 
will not be a self-induced voltage. When the switch in a DC cir- 
cuit is opened, the expanded magnetic field around each turn col- 
lapses. In collapsing, the field again cuts through the adjacent 
turns on the coil and produces a self-induced voltage therein. 

Self induction will occur in a DC circuit whenever the switch 
in the DC circuit is closed or opened, because either operation will 
cause a change in the current passing through the coil. 

Flux of Circular 
Lines of Farce 
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When a pulsating DC current is passing through a coil, the cur- 
rent will be continuously varying in amplitude, so the magnetic field 
around the individual turns will be constantly in motion. When the 
field is expanding, there will be a self-induced voltage in the coil, 
and when the field is collapsing, there will be a self-induced volt- 
age. The same is true when an alternating current is passing through 
the coil, because, from previous explanations, we know that an al- 
ternating current constantly varies in both amplitude and direction 
of flow. 

It should be thoroughly understood that a self-induced voltage 
will be generated or produced within a coil only when the current 
passing through the coil changes to value. The change can either 
be an increase in current or a decrease in current. Also, the di- 
rection of the current flow is immaterial. 

From Lenz's Law, we find that the self-induced voltage in a 
coil will be in the opposite direction to the applied voltage. This 
means that the self-induced voltage, at every instant, will be in 

opposition to the applied voltage. If the applied voltage is at- 
tempting to cause a current increase through the coil, the counter - 
voltage will be in opposition to the increase; in other words, the 
self-induced counter -voltage will be attempting to hold the current 
down or tending to keep it from increasing to its maximum value. 
Likewise, if the applied voltage is attempting to cause a current 
decrease through the coil, the self-induced counter -voltage will be 

opposing this decrease; that is, the counter -voltage will tend to 
maintain a current flow through the coil. 

10. INDUCTIVE REACTANCE. In a DC circuit cortaining only a 
pure resistance, the total opposition to the passage of the DC cur- 
rent through the circuit will be the measured resistance in ohms. 
Also, in an AC circuit containing only apure resistance, the oppo- 
sition offered to the passage of current through the circuit will 
be the measured resistance in ohms. Hence, in any electrical cir- 
cuit in which only pure resistance is present, the only opposition 
offered to the current flow through the circuit will be the pure 
resistance. Ohm's Law may be applied directly to the circuit in 

this case; that is, I=E=R; E = I xR; R=E=I. 
When a coil is contained in a DC circuit, there is opposition 

to the current increase when the switch is closed and opposition to 
the current decrease when the switch is opened. During the lapse of 
time between the closing of the switch and the opening of the switch, 
the DC current flowing through the coil remains at a steady value 
and there is no self-induction within the coil; hence, the only op- 
position offered to the DC current through it will be pure resis- 
tance of the coil winding. Ohm's Law may be applied directly to 
this DC circuit after the switch has been closed, but as soon as 
the switch is opened, Ohm's Law will not apply. This is because 
there is self-induction occurring within the coil as the magnetic 
field collapses and the total opposition offered to the current will 
be greater than just the pure resistance alone. 

In a pulsating DC circuit, where the current through the coil 
is changing in amplitude, the current changes will be opposed by 
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the counter voltages of self-induction as well as the resistance of the coil. The same is true in an AC circuit. Since an AC cur- rent continuously changes in both amplitude and direction, every change of current through the coil will be opposed by the counter - voltage of self induction as well as by the resistance of the coil winding. 
From this, it is apparent that whenever a changing current (pulsating DC or AC) passes through a coil, the opposition offered to the passage of current through the coil consists of not only the pure DC resistance of the coil, but also is opposed by the counter - voltage of self induction which is generated by every current change. These two forms of opposition are entirely different in nature. The first (pure resistance) is due to the opposition offered to the passage of electrons from atom to atom within the conductor. For this reason, it isoften called the frictional or ohmic resistance. The second fora of opposition is due entirely to the self-induction occurring within the coil. It would not be proper to call this sec- ond form of opposition, "resistance", because its nature does not coincide in any way with our previous definition of pure resistance. Remember that pure resistance is determined by the physical proper- ties of a conductor; that is, the length, diameter, kind and temper- ature of the conductor. The counter-E.M.F. of self induction gen- erated within a coil whenever the current changes is not determined by'the kind, length, temperature or the diameter of the conductor, so we cannot measure the opposing effect of the counter-E.M.F. of self induction in a coil in terms of "resistance". A special term is used to designate this form of opposition; the term is inductive reactance. 

Inductive reactance is defined as the opposition offered to the passage of a chanting current through a coil. The word "reac- tance" is used instead of the word "resistance" so as to prevent the possibility of confusion between these two forms of opposition to the current flow. In the future, whenever the word "resistance" is used, bear in mind that this means only the frictional opposi- tion offered by a conductor and is determined bey the physical prop- erties of it. Also, when the word "reactance is used, it means the opposition resulting from the counter -voltage produced within the coil itself, due to self induction. 
Even though these two forms of opposition are different in nature, both of them are effective in opposing acurrent flow through a coil; hence, they are both measured in ohms. Before explaining how the inductive reactance of a coil may be calculated, let us follow through an example, explaining the infor- mation just given in a more practical way. 
Referring to Fig. 17, the iron core coil L is placed in series with an ordinary light bulb. A double pole, double throw (DPDT) switch is connected in such a manner that either the 110 volts DC from the battery or the 110 volts AC from the generator may be ap- plied across the series combination of the iron core coil and light bulb. When the DPDT is thrown in the downward direction, 110 volts DC from the battery will be applied across the lamp and coil, re- sulting in the lamp becoming lighted to nearly full brilliance. 
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Fig.17 Circuit arrangement where- 
by 110 volts AC or DC may De applied 
across the coil and lamp. This dem- 
onstrates the inductive reactance of 
a coil when AC flows through it. 

The DC meter Al will indicate the amount of current passing through 
the series circuit. Now .,hen the DPDT switch is thrown in the up- 
ward position, the 110 volts from the AC generator will be applied 
across the iron core coil and electric lamp. With the AC voltage 
applied, the lamp will glow very dimly, if at all. The AC ammeter 
A2 will indicate the amount of AC current passing through the series 
circuit. By comparing the reading of the DC meter Al and the AC 

meter A2, we will find that the DC meter indicates a much higher 
current, even though the applied voltage in each case is the same. 

The reason for this extreme difference in the meter readings 
can be explained as follows. When the DC voltage isapplied across 
the iron core coil and lamp, the only opposition in series with the 
lamp is the pure DC resistance of the iron core coil winding. This 
will be very low, because iron core coils are usually wound with 
large copper wire. The total resistance is possibly around 10 or 
15 ohms. This low resistance allows a high DC current to flow 
through the circuit and the lamp is illuminated to nearly full bri.'- 
liancy. When the AC voltage is applied across the coil and lamp, 
due to the counter -voltage produced by self-induction occurring 
within the coil, the opposition offered by the coil to the passage 
of the AC current is tremendously high in comparison with its re- 
sistance. The inductive reactance of the coil will lie many times 
the I)C resistance. Since the opposition offered to the passage of 
AC current through the series circuit is greater than the opposi- 
tion offered to the passage of DC current, an extremely low AC cur- 
rent will flow and the electric lamp will become barely illuminated, 
if at all. 

This example illustrates the effect of inductive reactance in 
a circuit containing a coil through which a changing current is 
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flowing. -The inductive reactance constitutes nearly all of the op- 
position that is offered to the passage of current through the AC 
circuit. However, the DC or ohmic resistance of the coil will also 
oppose the, flow of the AC current. 

11. EFFECT OF FREQUENCY ONINDUCTIVE REACTANCE: In order to 
determine the inductive reactance (measured in ohms) offered by 
a coil to the passage Of a changing current through it, it is nec- 
essary to take into consideration two factors; namely, the frequen- 
cy of the current passing through the coil and the inductance of 
the coil. First, let us see how the reactance of a coil is affected 
when a current changing át a definite speed is passing through it. 

When discussing the process of induction, we found that one of 
the three factors which determined 'the voltage induced in a coil 
was "the, speed of the magnetic field changes". It was stated: If 
the magnetic field is changing rapidly, there will be a greater 
number of lines of force cutting through the turns on the coil in 
a given length of time; hence, the induced voltage will be greater. 
Since the frequency of a current means the number of cycles per sec- 
ond, we know that if a low -frequency current is passing through a 
coil, the magnetic field surrounding the individual turns will rise 
and fall rather slowly, whereas when a high -frequency current flows 
through a coil, the magnetic field will expand and collapse very 
rapidly., If the changing magnetic field is cutting through the con- 
ductors on the coil more times per. second, it is to be expected that 
a greater counter -voltage will be self-induced in the coil and a 
greater opposition to, the current, ór "inductive reactance", will 
result. 

For example, assume that a low -frequency current such as shown 
in Fig. 18 is passing through a coil. The frequency of this cur - 

.05 e 

sec. ,, 

.1 seC. 

Flyy 10 One cycle of a 10 c.o.s. alternating current, showing 
the, time in seconds for portions of the cycle to elapse. 

rent is 10 cycles per second; hence, .1_ second will be required to 
complete one cycle. If .1 second is required to complete one cycle, 
then only half this time or .05 second will be required to -complete 
one alternation. Likewise, the time' required for the current to in- 
crease from zero to maximum amplitude on the positive alternation 
will be one-half the time required to complete the positive 'alter- 
nation. This is one-half of .05 or .025 second. When the -current 
through the coil is changing very slowly, as it is in this case, 
the self-induced voltage within the coil will be comparatively low. 
This is due to the fact that the number of magnetic lines of -force 
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cutting through the adjacent conductors on the coil (per second) 
are relatively few. Since the self-induced counter -voltage is low, 
the inductive reactance of the coil will also be low. 

Now, suppose that the frequency of the current passing through 
the coil is increased to 1,000 cycles per second. One cycle of this 
1,000 cycles per second current is shown in Fig. 19. Since there 
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Fig .19 One cycle of a 1.00.0 c.p.s. alternating current, showing 
the time in seconds for portions of the cycle to elapse. 

are 100 times as many cycles occurring in the same length of time 
as in Fig. 18, the time required to complete each cycle will be less 
than with the 10 -cycle current. As shown on the drawing, the time 
required to complete one cycle is .001 second. It follows that the 
time required to complete one alternation is .0005 second and the 
time required for the current to change from zero to its maximum 
amplitude on the positive alternation is only .00025 second. If 
the current change is sufficiently rapid to rise from zero to its 
maximum value in .00025 second, the magnetic field produced by the 
current change will be moving very fast; hence, the speed at which 
the magnetic lines of force cut through the adjacent turns on the 
coil will be much faster than when the ten -cycle current was pass- 
ing through the coil. This causes the self induction of a rela- 
tively high counter -voltage within the coil itself. If the self- 
induced counter -voltage is high, then the inductive reactance of 
the coil will also be high. Remember that the inductive reactance 
of a coil is the opposition offered by a coil to the passage of a 
changing current through it and the opposition is caused by the 
counter -voltage produced by self-induction within the coil. Any 
change, then, which affects the counter -voltage produced in the coil 
by self induction affects the inductive reactance of the coil in a 
similar manner. If the counter -voltage is increased, the inductive 
reactance will be increased and if the counter -voltage is decreased, 
the inductive reactance decreases. 

From this discussion it should be concluded that the higher 
the frequency of the current changes passing through a coil, the 
greater will be the self-induced voltage within the coil and the 
greater will be the inductive reactance. THE HIGHER THE FREQUENCY, 
THE HIGHER THE INDUCTIVE REACTANCE. 

When a pulsating direct current is passing through a coil, in- 
ductive reactance will oppose the current changes the same as when 
an alternating current is flowing through a coil. Even though a 
pulsating current does not change its direction of flow, the ampli- 
tude will be constantly varying, so the magnetic field surrounding 
the turns on the coil will be constantly expanding or collapsing, 
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thus generating a counter -voltage within the coil and causing the 
current changes to be opposed by inductive reactance. 

As will be more completely explained in a following lesson, 
a pulsating direct current may be likened to an alternating current: 
even though the pulsating direct current does not change its direc 
tion of flow. A pulsating direct current is increasing above and 
decreasing below a normal or averagevalue. This average value may 
be compared to the zero line generally shown through the center of 
an AC sine wave.' Each pulsation of a pulsating direct current has 
the same effect as one cycle of an alternating current; hence, pul- 
sating direct current with 120 pulsations per second is similar to 
ah alternating current of 120 cycles per second. If a pulsating 
direct current is passing through a coil, the pulsations per second 
are always considered instead of the cycles per second, when calcu- 
lating the inductive reactance. 

12. THE INDUCTANCE OF A COIL. Inductance is defined as the 

ability of any electrical circuit to produce a counter -voltage by 

self-induction when the current passing through the circuit changes 
or varies. This definition is quite broad and can be applied toa 
single conductor, a single coil or a transformer. This means that 

a single wire will have "inductance", all coils will have "induc- 

tance" and all transformers will have "inductance". In the.case of 

transformers, the inductance is generally called the "mutual induo- 
taaee", which refers to the ability of the primary coil to induce a 
voltage into the secondary coil. When the term "inductance" Ja ap- 
plied to a stnfle coil, it means the ability of a coil to induce a 

counter -voltage within itself whenever the current passing through 

it changes or varies. The inductance possessed by a. straight con- 

ductor will be found to be of importance in later discussions; how- 
ever, at the present time, we shall not concern ourselves with it. 

Whenever the word "inductance" is used, it should also be as- 

sociated directly with the word "ability". It will be noticed that 

in the definition of inductance, it was said that inductance refers 
to the ability of a coil er circuit to generate a counter -voltage 

by self-induction, when the current passing through the circuit 

changes or varies. Emphasis should be placed on the word "ability" 

in this definition, because inductance is not a process nor en act 
of generating. It will be recalled from previous definition that 

the actual process of generating a counter -voltage by self-induction 
is known as induction, not inductance. 

1 Since the word "inductance" refers to the ability of a coil to 

perform a certain purpose, apparently it is a property of the coil 

and will be determined by the physical construction of the coil. 

The inductance of a coil is determined by four factors: 

1. The diameter of the coil. 
2. The length of the coil. 
3. The number of turns on the coil. 
4. The permeability of the core. 

Of the four factors just given, the length of the coil winding 
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and the number of turns on the coil take into consideration the size of the wire used for the winding and the spacing between the turns. 
The four factors which determine the inductance of a coil are all physical properties of the coil itself and when united will de- 

termine the final appearance of the coil. It' the diameter of a coil is made larger, the inductance of the coil will be greater; a 
long coil will have a greater inductance than a short coil; if more 
turns of wire are placed on a coil, the inductance will be greater 
and an iron core coil will always have a much higher inductance 
than an air core coil. 

It has been learned that the wnount of current passing through 
a resistance will change the temperature of the resistance in ac- 
cordance with the IZR Law. Since the temperature of a resistance is one of the factors determining the number of ohms which it pos- 
sesses, it might be stated that the current passing through a re- 
sistor will, in this way, affect its resistance. 

A similar fact is true of a coil. We know that when current 
passes through a coil, a magnetic field is set up around the coil 
and there will be magnetic lines of force passing through the cen- ter of the coil. If the center of the coil consists of air, there is no possibility of the air becoming magnetically saturated; hence, its permeability will not change and the current passing through 
the air core coil will have no effect upon its inductance. However, if the core of acoil is made of iron, then the magnetic flux pass- 
ing through the iron core will affect its permeability. The prin- 
ciple of magnetic saturation of an iron core has previously been 
discussed and it was stated therein that the permeability of iron 
will vary somewhat with different degrees of magnetization. After 
iron has been magnetized to a certain degree, it is impossible to 
increase the degree of magnetization further. The point of change is called "magnetic saturation". As the extent of magnetization is increased, the permeability of the iron will decrease rather 
than increase. From this it can be reasoned that if the current 
passing through an iron core coil is sufficiently high to set up 
a magnetic flux through the iron core strong enough to saturate 
the iron, the permeability of the core will decrease and the induc- 
tance of the coil will be decreased to a noticeable extent. It is 
only in this way that the current passing through acoil can affect its inductance. Otherwise, the inductance of a coil is determined 
entirely by the four physical properties previously stated. 

The physical properties possessed by a resistor determine the 
number of ohms resistance which it possesses and the ohm is the unit used for measuring the resistance of aconductor. It is like- 
wise necessary to select aunit for measuring the amount of induct- 
ance possessed by a coil or inductor. "Inductor" is a word some- 
times used instead of"coil". The unit chosen forlreasuring induct- 
ance is the "henry11. A coil or circuit has an inductance of one 
henry when a current changing at the rate of 1 ampere per second 

1 The unit of inductance, the henry, is so called in honor of the American sci- 
entist, Joseph Henry, because of his important magnetic discoveries. 

22 



induces acounter-voltage of one volt in the coil or circuit. This 
physical definition for the henry need not be memorized. It is more 
important to clearly understand that the number of "henries" of in- 
ductance possessed by a coil is a measurement of the ability of 
that coil to induce a counter -voltage within itself when the cur- 
rent passing through it changes. This may be compared to the unit 
"ohm". he are quite fluni l iar with the fact that the number of ohms 
possessed by a conductor refers to the ability oi' a conductor to 

oppose or resist the passage of current through it. The "henry" 
and the "ohm" are both units of measurement; the "henry" for acoil 
or inductor and the "ohm" for a resistor. 

The prefixes, "milli" and "micro", are attached to the henry 

in order to designate .001 henry and .000001 henry, respectively. 
It is necessary to learn the following equivalents: 

1 henry = 1,000 millihenries 
1 microhenry = .000001 henry 

To become familiar with the use of these units for measuring 
the inductance of a coil, let us refer to the photographs shown in 

Fig. 20. The air core coil shown at A has an inductance of approx- 

(A) (li) 

Fig 20 Illustration of 3 coils. The air core coil at (A) has 
2i millihenries inductance. the iron Core coil at (8) has 30 hen- 
ries inductance and the air Core coil at (C) has about 100 milli - 
henries inductance. 

imately 2.5 millihenries. The inductance 3f the iron core coil at 
B is 30 henries and the inductance of the air core coil at C is a- 
bout 100 millihenries. 

Later in our study, formulas will be given for the calculation 
of the inductance of a coil when the physical properties of it are 
known. )'hen we discuss the design of kadio and Television circuits, 
we shall find that it is necessary to use coils possessing a defi- 
nite number of henries of inductance in order to make the circuit 
function properly. After determining how much inductance is neces- 
sary in the circuit, the next problem is to calculate the size and 
length of wire, the diameter of the core and the kind of core which 
will he necessary to give that amount ofindnctance. This work will 

be very interesting, hut before attempting such design procedure, 
it is necessary to understand the fundamental operation of a coil 

in a circuit. 

(C) 

13. HOW INDUCTANCE AFFECTS INDUCTIVE REACTANCE. From previ- 

ous discussion we found that the inductive reactance of a coil means 

the opposition which is offered to the passage of a changing cur- 
rent through a coil. We also learned that the total opposition 
consists of not only the olunic resistance possessed by the wire, 
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but_also of theopposition,offered by the counter -voltage induced 
within the coil itself when the current changes; that is, inductive 
reactance. (Remember that 's coil does not have inductive reac- 
tance. when a DC current is passing through it.) The inductive reac- 
tance of a coil depends partially'upon the frequency of the current 
passing through it. - 

Another factor which will affect the inductive reactance of a 
coil is its inductance.. A coil possessing a low inductance will 
not have as much ability to generate a counter -voltage within it- 
self'as a coil possessing a. high inductance. Since the self-in- 
duced counter -voltage is higher when the inductance of the coil is 
higher, it is logical 'to conclude'that the opposition offered to 
the passage -of current 'through the coil will be greater. Remember- 
ing that the inductive -reactance -of a coil its the opposition of- 
fered.by the coil to the passage of current through it, it follows 
that THE HIGHER THE INDUCTANCE 074 COIL, TBB GREATER THE REACTANCE. 

The total inductive reactance of a coil will not depend upon 
either the frequency or inductance alone, but rather upon the com- 
bination' of the two. When both 'the inductance and frequency are 
low, the reactance will be low, but if both.the inductance and. fre- 
queney are high, the reactance will likewise be high. A fairly 
high inductive reactance will also be secured if the frequency is 
low and the inductance is high, or if the inductance is low and. the. 
frequency is high. Possibly this,combination of factors for deter- 
mining the inductive reactance of a'coil can. be seen more clearly 
from the formula used for the calculation of inductive reactance. 
This formula is: 

X1 is the. inductive reactance in ohms. 

6.2S is a constant. 

IL "= 6.28 x F x L 

Where: F is the frequency of the current passingthraugh the ,coil 
in cycles per second. ' - - 

L is the inductance óf'the,coil in henries. 

The constant, 6.28, enters into the calculation of the induc- 
tive reactance because we are considering that a pure sine wave of 
'alternating current is passing through the coil. Fróm mathematics 
we learn that one cycle cohsists of 360 de ees and that 360 degrees 
consist of 2n radians. The symbol n = 3.14 (approx.); hence, 2n' 

is 2 x 3.14 or'6.28. It is not necessary to understand the mathe- 
matics involved in the derivation of this constant'; however, it must 
be remembered that this'constant (6.28) is always taken into con-- 
sideration when calculating the inductive reactance of -a coil. 

Several problems illustrating the use of the inductive reac- 
tance formula follows: ' 

Problem 1: Calculate the inductiva -reactance of a 10 henry 
coil when a current of -100 cycles is passing through it. 

Solution: The formula necessary for the solution is XL .= 
6.28 x F x L. Remember that F must be in cycles and L must be in 
henries. Since the problem stated that -the frequency was in cycles 
and the inductance was, in henries, it is only necessary to substi- 
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tute these known values in the formula in order to' calculate the 
inductive reactance. Substituting the known values, we have: 

XL = 6.28 x 10 x 100 

'Now multiply the three figures on the right ,side of the equation 
in order to obtain the answer. Multiplying, we have 6.28 x 10 
62.8, then 62.8 x 100 = 6280. This product of 62,800 is. the 
inductive reactance -of the coil in ohms. . 

Problem 1: Calculate the inductive reactance of -a 150, henry - 

coil to a current with a frequency of 25 cycles per second. 
Solution: In this problem, the frequency is given in cycles 

and the inductance in henries so it is only necessary to substi- 
tute directly in the formula. 

. -1 

The answer to. the liróblem is the inductive -reactance' is 23,550 1" 

ohms. ;. 
i_ 

Problem 3: Calculate the inductive- reactance {of- a 100 milli- 
hairy coil to a frequency of 5.000 cycles. 

'_ 'i .. IL _ -6.28 x150x , .; ,' -, ' 

Multiplying; wehaYé: : 
: ,: 

- w, . 
' 

.. IL =, 6.28 x 150-x 25 ' « 

= 6.28 x.3,750 : : . 

-.,, _ . 23,550 ohms. -. 
I 

Solution: In this problem, the frequency is given in cycles, 
but the inductance is in nillihenries. Mrllihenries asst be chanted 
to henries before substituting in the inductive reactance fo . 

Since 1 millihenry equals .001 henry, then 100 aillihenriesequals 
-100 x .001 or henry. Now, substituting in the formula, we have: 

1 

IL... 6.28 x 5,000 x.1 
' : = 31.400 x .1 

3 
,. 

_ .140 ohms.-- 

-The answer is 3,140 ohms of inductive reactance. 
Problem 4: Calculate the inductive 'reactance when thá frequen- 

6y is 1,000 kilocycles and the inductance, is. 200 aicrohenries. - 

- gelation: In this problem it is -necessary to convert *the 1,000 
kilocycles into cycles and the 200 aicrohenries into henries. Since 
1 kilo cle - 1.000 cycles, then 1,000 kilocycles - 1,000 x 1,000 
or 1,11',000 cycles. Since 1.aiorohenry equals .000001 henry, 200 
aicrohenries .000001 x 200 or .0002.henry. Now substituting in 
_the formula, we have: 

x 6.28;x 1,000,000- x'.0002 
'(Over) - 

d . 1 

i 

; 
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' - k 

thi 
.7, !t k 

3. +11 ' ^ '_ .1:tr . i e 

^ _ 6,280,000 x .0002 
I. 

1,256 ohms. a ,1 1. 

J. 

The -answer to the problem is: The inductive reactance is 1,256. ohms. - 

. This problem can be worked more conveniently by use of the for.- ' 
II .mule; --r. 

- , ' = ' %' = 6.28 x kilocycle,s,¡,¡x microh 
1..,, 

enries r u 
z 

...t'..?, 
Y .>V L 

1,000 
.1 

. 

The answer secured will be the same because this formula is derived 
directly from the original formula. The right side of the original - 

formula is multiplied by 1,000 to change the cycles to kilocycles. 
then divided by 1,000,000 to change the henries to miorohenries. 
When changing the units in this manner, it is not necessary to 
change the left side of the equation and the inductive reactance 
is still in 'ohms. - 

Solving:the problei by the'use.of this newformula, we have: ' 

: et .1"!XL 
' 

6.28 x= x 200 .., 

'' 6:28 x 200 
r 

44'7" :`:[._ ^u ,..:,z:. , 
, = 1;256 ohms. :, :-,y.E ;y ,E- - p _1* - 

fl 
1 

The cancellation shortens the mathematical work considerably. 

Problem 
120:Calculate-the'reactance 

of a 40 henry coil^to á 
frequency ofcycles.. ' 

Solution: Since the'frequency is already in cycles and the - 

Inductance in henries, no conversion will be necessary.,_By direct 
substitution in the fundamental formula, we have: 

XL 6:28x120`x40 ' 
=753.6x,40 

^=f 30444 ohms. s 
The indnetiveréactance will be 30,144ohms: 

' '2 r. 

Problem 6: Calculate the inductive reactance of a 450 micro) 
henry coil when a current of 800 kilocycles is passing through it. 

Solution: To use the fundamental formals, it would be neces- 
sary to convert kilocycles to cycles and aicrohenries to henries. 
The formula given in Problem 4 can be'used without these conversions; 
hence: - 

L t, 6.28 x 809' x 456' miQ 
(Over) 
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 _1 ' rt = 6:28x8x45 - ; i 
, . _. 2, 260.8 ohms. , ' - , 

Problem.'7: Find the inductive reactance reactaime,f a,200 millihenry. 
i, boil to a frequency of.500 kilocycles. 

' Solitiom: Converting 200 millihenriemtohenries, we have 
'11,_ .001 x 200 = .2 henry. Converting 500 kilocycles to cycles, we 
7 have 500 x 1,000 = 500,000 cycles. bstituting these values in 

1 the fundamental formula:' 

TL ,= 6.28 'x 500,0009e .2. .. 

' ' 
- -628,000 ohms. 

t' This problemican be 'more easily solved without the necessity 
of conversions by using the formula: - 

1. = 6.28 x.kilocycles x millihenries .,,.-` 

-a Ton will notice that in converting from kilocycles to cycles - 

',., and from millihenries to henries, you multiply -by 1,000, then di- 
videby 1,000. If any number is multiplied and divided by the same 
number, its value will not be changed. For this reason, it is per- 

' missible to substitute kilocycles and millihenries directly without 
converting to cycles4 and henries. The same answer will be obtained:, 

XL = 6.28 x-500 x 200' ` 

_-= 628,000,ohms. 

. ,,. - 

1, 

' These typical problems should be studied very carefully, then 
make up several problems of your own. Use these formulas until 

', there is no doubt as to your ability to calculate the inductive 
7 reactance of a coil when the frequency of the current and the in- - 

ductance of the coil are known. A table of inductive reactances - 

for various size coils st different frequencies is given in Fig. 21. - 

These values may be used for practice: /his table will be found 
useful, fur quick reference in. future work: .. 

TAILS OF INDUCTIVE REACTANCES 
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rig.21 Reterencí table pIvin the'ind*ict7ve reactance for 
oral d.ifferentsi:e coils at differenttrequencies. 
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14. 'INDUCTORS IN SERIES AND PARALLEL. The words, "coil". and 
"inductor" are often used interchangeably, the same, as the words, 

"resistance" and "resistor" are used in place of each other. 
When coils or inductors are placed in series such as shown in 

Fig. 22, the inductance of each coil adds to th the inductance of e 

Ffy.22 Co4is'air inductors in 
series.. 

14 Ls 

others in the series circuit; hencé, the total inductance in the 

circuit will be equal to the sum of the individual inductances. 
This method of- calculating' the total inductance when inductors are 
connected in series is siailer to the method used to calculate the 
total resistance when resistors are connected in series. When in 
series, each, coil tends to oppose any change in current through the 
entire circuit; provided the coils are sufficiently far apart or 
are placed at such angles that there is no magnetic coupling between 
them. Por example, suppose we hava three coils connected in series 
with values of 80 aillihenries, 100 aillihenries and 70 aillihenrles 
respectively. The total inductance in the series circuit would then 
be: 80 + 100 + 70 or 250 aillihenries. 

As a general rule: The total inductance of coils connected in 
series, When there is no satnettc coupling between then, is -the sum 

of the separate inductances. 'This is expressed by the following 
formula: 

Lt = Ls+Le;Ls , etc.' 

Why. Lt is the total inductance of the circuit. - 

Ls, Le and Ls are the values of the individual inductances. 

When -coils are connected tn'parailel as shown to Fit.. 23, the 

a 

llél, 
Coils or inductors to aiitie rfaj/I', "IMO]I 

La .- Li Ls 

total inductance'of the circdlt will be' less than the scaliest in- 
ductance connected in the circuit. The methods employed to calen-. 
late the total inductance (effective inductance) when coils are con- 
nected in parallel are similar to the methods used for calculating 
the corresponding conditions existing in a circuit of parallel re- 
sistors. The various methods given in Lesson 5 for the calculation 
of resistors in parallel are also true for coils connected inparal- 
lel. The three methods by which it is possible to calculate the ef- 

i 
L is the letter always used to abbrevlate,inductence. 
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fective inductance. -of parallel inductors are: 114,0,,__, . .. :It'd- 25 

,. 7 _ 

(1) 
. _ 

_r Lt = 1. +.11 + : . : . ete. 1,7` 
a - 

_ 

(2) " - ''i It - /1 - ' . ' , _ 

7,."':',:r. .r ,rP l' kid I. ., a1 °S j 111'.... 1 ,'"ii/1: - II ', 

' ` `' (3) Lc L' ' 'c' air.- -.,'fl ái, r 
1 .,c-1 

' 

#: , - r, i , Nunber_of Coils r;, 101. _ - 
;5, tsae = 

a 

º These three formulas'Ire used in different types- of problems. 
1 

o' Formals (1) -is used when three or sore unequal iaductors'- "are is ' 
parallel; formals (2) is used when two unequal inductors are in 
'parallel; Mails (3) is used, wheñ any umber of eqaal inductors 
are connected in parallel. In order to become profieiset in the, 

''' ' , . use of these _three formulas, a few examples will be solved.., i , 

°' I tiepin 1s Calculate the effective inductance when three bails ' ' " ' 
1 of 80 ni ihenries, 100. millihenil es and 7O uillihenries respeotive- , ' 

ly are connected in parallel, 
' - i ' Solution: Since the three inductances are. of unequal -value, 
, 1. ,,it is necessary to use forsnla (1). Substituting in this formula, 

we have: i 
L 

100 

' . .s_ 

- r 
__{_^.-..4..'1/4't,-' 

d 

lá k -1.-1OS, '-á' V D 
, :.7",: -hin. .pl 1- n :1 
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' 9 P., , c- , :11,,n -,4L., 5 "J .'L '1,4 . . . 
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iki,SI. . 5'llsi 9I. krL a tF 44 ...`Ir:t'c.d_ - ,.}v 
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S . i t, t R' . fii J?': trf?- '` +r s"Pa`[3.i ;G fi 
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1, 

, _F 

,r ' . , . - _ -.. 
-!t7NN + Z,7 . .i 

y16.1'-ul 

i' ,. q'1s 
' 

- 
wi i 27.18 =+l++heIITies , '. . 

ample 2:" Calculate the effective induátenee when- h 12 hint ' 

mil is connected in parallel with, a 6 -henry coil. 
Solatión: 4, Formula (2) -shooldobeused. , Substituting in formals 

(2), we have: 
_ .. .', ' 

' 
1 Lc 

i t ' t ` 
4 

F4.ü:6t yC) SJG ; 40.12- 1^-1R,[rca ,t9 -1\t'1.1 
1 . . ' ,. : , . . :y ' dewy5i 

o 

a L I' ri: $tanY 

4 henries. 
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gxemple 3: What is the effective inductance when loons, 30 
henries each, are connected in parallel? - - 

Solution: Substituting in formula.(3),;-we have: - -' 

10. henries: 

'15. VARIABLE INDUCTORS. In sone types of'electrical circuits 
it is convenient to use variable inductors, the.seae as variable 
resistors are often found convenient. Variable inductors ire-oon- 
structed in several different forms. In Fig. 24, two types of vary 
iable inductors are shown. The symbol at A is the one most oo 

' E11der 

,. 

.mess iwr 
ill ;; 

;i 
, 

(B) ! 

l 

- 

(A) 

: F.4 t,v; i '. . 

.I 
r 

?t.tti._ !.' 
(E) 

Fip.24 'Drawings and aywbols.for variable Inductors. 

:only -used for representation. .it. any represent either of the types 
shown. At B, a variation of the inductance of the coil is secured 
by means of a slider. When the slider is at the right of the coil,. 
the inductance being used will be maximum. When the slider is moved 
to the left, the inductance will be less; then when the slider is 
completely to the left, the inductance in use will be zero. The 
gmbol shown, at C is used to represent this type of variable indno- 

- tor. 
The variable inductor, shown at D, has taps brought out at 

various turns -throughout its length. These taps are terminated at 
a switch which has several contacts. By connecting the top to one 
side of a circuit and the -switch are to the other, the amount of 
inductance to be used in the circuit can be controlled by' moving 
the switch arm from one contact point to another. The symbol some - 
tines used to represent -this type of variable inductance is shown_ 
at E. - 

.4;. 
'o 

. 
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ff. 



. 

16. DOK-INDOCTITE COILS. In some types of electrical circuits 
it is necessary to employ a coil which is non -inductive. We have 
learned that the inductance (ability to generate s counter-ioltage) 
of a coil is due to the varying magnetic field set yip around the 
coil when the 'current flowing it changes. Therefore, to - 

make a coil non -inductive, the magnetió field about the coil must 
be cancelled in some -way. In Figo 2 , several methods of cancel- 

- r 
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Fig.25. Various -types of non-Inductive coils. 

j ling the'-magnetib field around us coil are shown-. At A, the magnet- 
, is field around one-half of the winding is neutralised by' the field 
'around the other half of the winding. This is acoo lisped by fold- 

: ing the length of wire to be used at its middle point, then start- 
ing from this point,_wind both halves at the same time as thou 

until they were a single wire, the ends are reached. The et c 
'field produced by the current flowing in'one direction thronone- 
half of the. winding is equal and opposite the magnetic field pro- 
duced by the same current flong in the opposite direction through 
the otherwi half of the winding. The magnetic fields neutralize ech 
other; hence, the winding has no inductance. At B and C, two other 
types of non -inductive coils are shown. In both cases, the coil is 
wound in two parts. One-half of the'winding is wound in one direc- 
tion and the other half is wound in the opposite direction. Thus, 
the current flowing through the top half of the coil tends -to make 
the top end of the coil a south pole while -the current flowing. 
through the bottom half of the coil tends to make the top end a 
north pole. Since the two magnetic fields are equal to each other 

' .and opposite in direction, they will cancel. To make this cancel 
lation complete, there must be the same nuaber of turns on each 
half of the winding: 

The inductance ofta given coil can be neutralized, by passing 
current through a separate "bucking winding" with the proper nun- 

' ' ber of 'turns as shown at D. The bucking coil is properly' wound and 
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has the right amount of 'current passing through it so that its sag- 
netic field is equal and opposite to the field around' the coil whose 
inductance is to,, -be cancelled., -By using the left-hand rule, the 
proper direction for winding the. bucking coil can be determined. 

Wire -wound resistors are quite common in radio work. They 
should, however, be absolutely non -inductive since their opposition 
to the flow of current should be the same regardless of frequency. 
One wary of accomplishing this is to wind the resistance wire on a 
thin, flat cardboard orbskelite fora about +-inch thick. ,Then the 
resistor will have practically' no inductance because the opposite 
sides of each turn are so close together that the magnetic fields 
will neutralize. A resistance of this type is shown at E in Fig. 

17. COUPLING BETWEEN WIRES. Mutual induction between pares- 
Lel wires, or between wires forming a loop with'other wires lying 
Outside of the loop are often bothersome in radio and telephone work. 
In Fig. 16, the heater of a vacuum tube is supplied with the AC cur- 

Fig.26 Drawing to i1= 
lust rate how spaced wires 
carrying an AC current 
form .a one-turn coll. A 
voltage will be Induced 
in EF by mutual induction. 

rent from the secondary of a step-down transformer. When the two 
wires leading from the secondary of the transformer to the filament 
are spaced rather widely, they form a one -turn coil. Since there 
is. an alternating current of 60 cycles per second flowing through 
the circuit, there will be a magnetic field setup around this coil 
which varies at the rate of 60 cycles per second., If a conductor 
sngh sa E!' is in the vicinity of this one -turn coil, it will have 
induced into it a 60 -cycle alternating voltage by antual induction. 
This mutual induction is very objectionable in closely crowded el- 
ectrical circuits. such as radio sets or telephone cables. In radio 
sets, the result is a loud hum in the speaker, and in telephone work 
"cross -talk" is heard. 

By running the two wires very -closely 'to ether, the field 
around one wire will partially neutralize the field around the other 
wire, thus making the net magnetic field rather weak. This is 
sholain Fig. E7. By twisting the wires together as shown in Fig. 

Fig.22,..Mhen the wires.carry- 
- an AC curNnt are close to- 

gether, a partial cancellation 
of the external field results. 
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(A) 

4.1 1.._4a. I !lb 41> 4E/.": 
Twisted 

(B) 

tioefr 0 

Fig.2e By'twistingthe wires carrying n AC current, the eícter- cal wagnetic_tield )J's reduced'to a negligible value. The enlarged 
section shown at (I) illustrates the cancellation. 

28, the external magnetic' field produced by one conductor between 
each twist is opposite in direction to the field produced by the 
other conductor, thus practically' reducing the external field to 
zero. An enlarged section of the twisted pair of wires. is shone 
at B, Fig. 28. In this drawing, the field cancellation bétwieen the 
.wires can easily be seen. All wires which carry 60-cyole AC cur' 
rent in a radio receiver should be twisted in this manner. 

18. MOIL INDUCTANCE. The definition of inductance states: 
"Inductance is the ability of a coil or circuit to generate acorns-, 
ter -voltage within itself -whenever the current through the coil 
or circuit changes." A complete discussion on the inductance of 
a single coil, the factors which determine the inductance and the 
effect of the inductance upon the inductive reactance has been giv- 
en in foregoing paragraphs. When the inductance of a single coil 
is being considered, the expression "self indnotanoe" is often used: 

Mutual inductance is the ability of one coil or circuit to pro- 
duce a counter -voltage in a nearby coil or circuit through the pro- 
cess of mutual induction when thecu"rrent paestng through the first 
circuit changes or varies. The word "mutual" is used in the descrip- 
tive phrase because it refers to the relationship existing between 
two separate circuits. 

The expression "mutual inductance" does not refer to the ac- 
tual process of transferring the electrical energy from a primary 
circuit into a secondary' circuit, but rather refers to, the ability 
of the primary to induce a voltage in the secondary coil or circuit. 
Again we must emphasize the use of the word "ability". when defining 
inductance, because for mutual inductance to exist between primary 
and secondary, it is'not necessary to have current passing through 
the primary coil. A transformer (consisting of a primary and second- 
ary' coil) sq have several henries of mutual inductance, but there 
will be no ~toil indaetión, taking place' from primary to secondary 
until a changing current passes throungh,'the primary coil. Mutual 
inductance is measured in "henries", the same as self inductance. 

We found that the self-inductance of a single coil depends up- 
on the physical properties of that coil; hence, it is logical to 
conclude that the mutual inductance between two coils will depend 
upon the physical properties of the coils. The factors determining 
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the mutual inductance between two coils are: 

1. Size of the coils. 
2. Distance between the coils. 
3. Relative positions of the coils. 
4. Permeability of core between the two coils. 

(1) The size of the two coils, means the self inductance of 

each coil. (Remember the four factors determining the self inductance 

of a single coil.) (2) If the secondary coil is moved further away 

from the primary coil, the number of lines of force around the pri- 

mary which cut through the turns of the secondary will be less, re- 

sulting in a lower secondary voltage. From this, it follows that 

the mutual inductance will not be as great when the two coils are 

far apart as it will be when the two coils are close together. (3) 
If the secondary coil is turned at right angles to the primary coil, 

there will not be as many lines of force cutting through the second- 

ary turns when current passes through the primary. Hence, the volt- 

age induced in the secondary will be less and the mutual inductance 

will be correspondingly decreased when the relative positions of the 

two coils is changed. (4) It has been previously stated that iron 

has a much higher permeability than air; hence, if iron is used as 

the material to conduct the lines of force from the primary coil 

through the turns of the secondary coil, there will be a much great- 

er transfer of energy from primary to secondary, due to this in- 

creased magnetic coupling. With the. increased number of lines of 

force cutting through the secondary turns (considering a given cur- 

rent through the primary) , there will be a greater secondary volt- 

age produced and the mútual inductance will be greater. 
Mutual inductance is the expression commonly used when speak- 

ing of the relationship existing between the secondary and primary 

coils of a transformer. If the transformer is so constructed that 

the primary and secondary coils are in such a relationship to each 

other that the mutual inductance is high, this means that extremely 

"close coupling" exists between the primary and secondary. In oth- 

er words, the transfer of electrical energy from the primary to the 

secondary will occur with practically no loss in electrical power. 

On the other hand, if the primary and secondary coils are so con- 

structed or situated that only a very small voltage is produced in 

the secondary coil when the current through the primary coil changes, 

then the mutual inductance between the two coils is extremely low. 

When this condition exists, the common expression is that the two 

coils are "loosely coupled". The "inductive coupling between two 

coils" is an expression commonly used in the same terminology as 

mutual inductance. The expression "close inductive coupling" means 

a high mutual inductance and the expression "loose inductive coup- 

ling" means a low mutual inductance. 

19. TRANSFORMERS. A transformer has previously been explained 

to consist of one primary coil and one or more secondary coils. The 

primary coil is that coil to which the voltage is applied, and the 

secondary coil (or coils) is the winding into which the voltage is 

34 



r 
w 

_ 
I 

r ' 

induced. Pictures of typical iron core transformers-areersbowi at 
A, Pig. 29., The _symbol., used. to represent en iron core, transformer - 

., 

(A) 

Fip12! VS}riqup types pQf iron core 
shown at (p), (C) and (0). 

with a single; secondary'winding -is. shown at- B." If the secondary 
winding is tapped at . the center,. the symbol used will be that shown 
at C. When a transformer possesses several secondary windings (power 
transformer) each . secondary will be indicated on the symbol as shown 
et D. 

Several air core transformers are --,shown at A, Fig.. 30. The 
symbols used to represent the various air core transformers are 

(C) 

(B) 

transformers,. Symbols tie 

w O o ' ; ` 

- , ,: c , (B). I ,'. 

(A) 
Fhp.S0 VapIrtqup types ppf air, core' transforime'rs. Symbots'are '_ 

shown et (s). (C) and ID). 

shown at B, C sad D. -Notice that the only difference between the 
i symbol for an iron core transformer and that for an air core trans- 
-' former is the presence of the parallel lines drawn between the pri- 

mary.and secondary windings. These lines are often called the "core, 
lines"; that is,, they indicate the presence of,an iron core between 

_ 

the two, windings. , ,., 

-. e a 
CoN 

_ 

(C) r7 . 

w - ~ t r_.,t.' 
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Transformers that are to be used for radio frequencies ordin- 
arily have air cores. The priiary'and secondary windings are wound 
on the same coil form, which is usually made of bakelite, or some 
other insulating material. Transformers to be used for audio fre- 
quencies and power frequencies have iron cores. 

Most iron core transformers are wound on what is known as a 
"closed core". In a"closed core" transformer, the iron core forms 
a continuous path for the magnetic circuit; there being no air gaps 
in the path. Two types of closed core transformers are shown in 
Fig. 31. Transformers of this type are very efficient; that is, 

Primary- f Secondary 
Ij I Secondary r-- -urinary 

(A) 

- 

AL (B) 

thFIg.31Shematic drawings rawlgsof closed core transformers. At (A), windings rightg, and at B), the windings are on. 
a center leg. Both types are very efficient. 
the poyer which may be taken from the secondary winding is only 
slightly less than the power delivered to the primary winding, there 
being very little power lost within the transformer itself. Effi- 
ciencies as high as 95% or better are common. 

Transformers way be divided into two general classes, "step-up 
transformers" and "step-down transformers". A step-up transformer is one in which the secondary voltage is greater than the primary 
voltage, and a step-down transformer is, one in which the secondary 
voltage is less than the primary voltage. A transformer 'is not a 
power amplifier; that is, more power cannot be secured from the sec- 
ondary than is supplied to the primary. The power delivered to the 
primary winding will be equal to the current flowing through the 
primary times the voltage across the primary. Likewise, the power 
drawn from the secondary will be the secondary current times the 
voltage wags the secondary. 

The magnetic field around the primary winding will cut through 
each turn of the secondary coil (neglecting losses); thereby induc- 
ing a voltage in every turn. The total voltage across the second- 
ary will be the voltage induced in each turn times the number of 
turns on the secondary coil. For example, suppose we have two trans- 
formers, each of Whose primaries have the same number of turns, but 
one secondary. has 100 turns while the other secondary has 300 turns. If the same voltage is applied to both primaries, the same voltage 
will be induced in each turn of both secondaries, but since one sec- 
ondary has three times as many turns as the other secondary, the 
total voltage across that secondary will be three times as high as 
the voltage across the other secondary. In a step-up transformer, 
the secondary has more turns than the primary and in a step-down 
transformer, the secondary has fearer turns than the primary. 
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Prl 
'Turns Ratio 1 .to 10 
Voltage Ratio t to t0 
Current Ratio 10 to 1 ' 

Power Ratio I to 1_ 

F1g.32 A 1 , to 10 step-up .t.ransformer. The, hart on 'the'riant . gives the turns, voltage, current' and power ratios from primary to, secondary. 

In Fig: 52;:..n iroiñ -oorá:transformer is shown with a voltmeter` 
, and an ammeter connected in both the primary and secondary circuits. ', 

Let us assume that the primary winding has 100 turns and the second - 
1 ary winding has 1,000 turns. It is properly called a step-up trans- 

, -,r former. When -10 volts is applied to the primary, it is found that 
the secondary voltaeter reads 100 volts: Tis'relationship.is eve- . -- - 

I I pressed by the following 'equation: ' - _3 s ' ° 

. r i (4) . ndsrvjPitg s5gcgnde Turns ` I , 

Primary Volts Primary Turns ' n 
. .:fiI -I 

g' the secondary turne divided' by the» prinary'I turne óf a transformer 
is known as the "turns ratio" of that transformer._ Substituting 'I , 

- - " the voltmeters readings in this equation,. we have: , _ ' - -, 

~ + 

1-,,Yoitage100'volts . 1,000 turns Turns , list Jo 4! Ratio ,, -. i i - vo s "DU turns 

"'°' ` Neglecting any losses whichwear, nay ear, the step-up: ratio, in, r ; voltage, of a transformer is equal to the tarns -ratio. 
ext, let us assume that the primary current is 10 eaperes.,.' 

1,. µ- Calculating the power in the primary, we have: 

r l ,; 10 volts- 10'asperea ' '' ' -1,.. 

..t. ¡' = 
3 

. = 100 watts. ' I 

1 ' " ' , 1. 

' if there `is m power loss in the transformer,, it 'will, be possible--: -N._ 
't" to secure 100 watts of power from the secondary. 1b find the seo- :-h;: 

, , ' ondary current, transpose the original -formula for power in the fol- - - 

ill 
f 

71 , , . 
.. = í 

. 

e 

. 

. ¿ P'1 -i: ~'--1. f 2 '' I 
- ' ,C=db I , . ..I ' o 



=n 

lowing manner.,- Instead of W =. E xI, transposes it so that: 

Í =. N' + E 

Substituting the power.and voltage values,lwe,have:= ,- .} 
I (secondary current) _. 188 eattg=i 1 ampere . ' í 

1 volts ,- .. 

Notice that the secondary.. current is less than the primary current, 
although the secondary voltage is higher than the primary voltage. If a transformer steps up the 'voltage, #t will step down the cur- 
rent to the sane proportion. 'This relationship is expressed by the 
equation: 

. 

.r, (5) _ Priaep Amperes Secondary Turns 
Secondary Amperes . - Primary hrns 

From. equations (4) and (5) , a third convenient equation may be 
formed. Notice that the members on the right side of both of these 
two equations are exactly the same. Therefore, the tw left mew 11.',-,11 
hers will be equal to each other. Such as: 

0 

46) .1-4411.11. y ,:.,n,:.M vo_ .s, Priavy Aunts, 
. Primary VóIts Secondary.eres 

An example will serve to illustrate the use of this formula. For 
explanation, we shall assume that a perfect transformer is being 
used. 

The secondary of the transformer, is- to be used to supply the, ' 

filament power to a vacuum tube. Let us say that the tube a filar, 
meat requires three amperes at five volts and that the primary of: -1 

the transformer is to be connected to a 110 -volt, 60 -cycle AC source. - 

low much current will flow through the primary? r Substituting in formule,(6), we have: , - - 

_ friejsry amperes 
volts r r 3 amperes. - _, .w u,, 

-. Multiplying both .sides of this equation by 3, we: obtain: 

I10 
- Primary- amperes 

Or: Primary amperes :,_ 

- .136 aipere. 

Tranosing anequetion in this wanner does not ,alter the value of originil 
equation 

p 
; it Is merely changed to a different form' which is more convenient for soly- 

ing. 
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- 20. SDMMARY OF DFEINI?IONS::4 Because of the several different 
terms used in this lesson that are entirely new, it is advisable to 

summarize the more important definitions. This provides a compact 
form from which they may be more easily studied.. These definitions 

should be learned (not memorized) to the point where the use of any 
one of them will immediately suggest the relationship it bears to 

the function of an electrical circuit. 

INDUCTION. Induction is the process or the act of generat- 
ing,an electrical 'voltage in a conductor whenever that conductor is 

cut by or moved. through a magnetic field. 

LENZ'.S LAW. Lenz's Law states that a current flowing under 

the pressure of an induced voltage sets -up a magnetic field which 

is opposite to the magnetic field that induced the voltage. 

INDUCTANCE. Inductance. is the abilit of a coil or cir- 

cuit to produce a counter -voltage within itself by self induction 

whenever the current passing through that coil or circuit changes. 
The word "inductance"' is often used to have the same meaning as 
"self-inductance". Inductance is measured in henries. 

IUTUAL'INDUCTANCE. Mutual inductance is the ability of 

one coil or circuit to generate a. voltage in a neighboring coil or 

circuit when the current passing through the first coil or circuit 

varies. The voltage produced in the secondary circuit will be in 
accordance with Lenz's Law; that is, the current impelled by the 

secondary voltage will set up á magnetic field which opposes the 

magnetic field around the.'primary. 

SELF "INDUCTION. .Self induction is the generation of a 
counter -voltage within a coil itself when the current passing through 

that coil changes or varies. 

MUTUAL :INDUCTION. Mutual induction is =the transfer of 

electrical energy (voltage or power) from one coil or circuit into 

e neighboring coil or circuit, through.the magnetic coupling exist- 
ing between these two circuits. The direction of the secondary 

voltage will be governed by Lenz's Law and the strength of the sec- 
ondary voltage depends upon the mutual inductance between the two 

coils or circuits. 

INDUCTIVE REACTANCE. Inductive reactance is the opposition 

offered to the passage of a changing current. through a coil. It is 

found by use of the formula: 

XL = 6.28 x F x L 

XL is the inductive reactance in ohms. 
Where: F is the frequency in .cycles per second.. 

L .is the inductance in henries. 

Note -'Important: In some textbooks and literature,. authors use 

the symbol u to represent the product of 6.28 x F or 27[F. The 

inductive reactance formula may be seen: 

Xi = wL; which means the same as: 

XL = 6.28 x F x L. 

Do not cxnfuse the symbol u used in this manner with the'use of it 

to represent ohms. In this course, u is the symbol for ohms. 
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FORESIGHT 
....many of the greatest fortunes ever amassed were founded 

on foresight! 

So that you will fully understand the true meaning 
of the word 'foresight', we are going to tell you about 
two insects that are comparable to human beings. First, 
we will tell you about the grasshopper, that chirpy lit- 
tle fellow that seems to enjoy himself immensely during 
the summer months, when the air is warm and his food 
supply is plentiful. He awakes with the rising sun, 
spends the day hopping or flitting about and eating 
tremendously; then settles down to sleep, when the sun 
sets, giving no thought to the future, when cold winds 
will blow and food will to covered by deep snow. The 
grasshopper has a grand time while it lasts, but gives 
no thought to the future In other words, he lacks 
foresight. Unfortunately, many human beings are like 
the grasshopper. Perhaps you know some yourself. 

The other insect that we will tell you about is an 
interesting little hustler, which sometimes stirs up our 
'fighting spirit' by giving us a nip on the ankle or 
getting into the jam. =.You're right; we are talking 
about the ant. From earliest spring until the cold 
winds begin to howl, he hustles, and hustles, and digs, 
apparently giving no thought to pleasure. The under- 
ground home of the ant colony is cleaned and enlarged; 
food is stored for future use always in a hurry, 
the ant works from sun up to sun down, looking ahead to 
the time when winter witl arrive and he must rely on 
his summer's work to live. This little insect has fore- 
sight. He knows that he must prepare for the future if 

he is to live in comfort and prepare for the future 
he does. 

Many people are like the ant the successful 
people that enjoy life and are financially independent. 
You probably know many such people yourself. They may 
not be wealthy, but they have a substantial income, 
money in the bank, a oar, a nice home, they take vaca- 
tions and combine work with pleasure. 

That's the way you want to live, isn't it? So our 
advice to you is this: 'Take a tip from the little 
ant.' Prepare NOW for immediate and future opportuni- 
ties so that when the cold winds blow, and the snow 
swirls or the rain beats against the windows, you won't 
be 'out with the poor grasshopper'. Let your motto be, 

'STICK, STUDY AND SUCCEED'I 

Copyright 1942 
By 
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Schools, Inc. 

PRINTED IN U.S.A. 
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Lesson Eleven 

Condensers & 

Capacitive 
Reactance 

"The performance of modern 
Radio Receivers and Transmitters 
depends mainly upon the proper as- 
sociation of tubes, coils, and condens- 
ers within the circuits. Now that you are 
thoroughly familiar with the theory of tubes and coils, you arc 
ready to take up the study of condensers. 

"Before the electron theory was generally accepted, it was dif- 
ficult to understand the operation of the condenser. Now, however, 
1 am certain you will find the explanation comparatively simple. 

"There are two principal types of condensers used in practical- 
ly all radio apparatus today; you will find each type thoroughly 
explained in the following interesting and important pages." 

Glance at any diagram of a Radio receiver or Radio transmit- 
ter and you will see that no matter how complicated the hookup may 

.a pear, it is composed of just five things: Vacuum Tubes, Resis- 
tors, Coils, Condensers, and Batteries. Previously, a complete 
discussion of resistors and coils was made. The fundamental opera- 
tion of' a vacuum tube was given, and a later lesson will deal with 
batteries. At that time you will have studied the five parts nec- 
essary to any Radio receiver or transmitter. future lessons, 
therefore, will consist of the methods used to connect those five 
components together so that they may perform the jobs desired of 
them. Since condensers are one of the five fundamental components, 
a detailed description of their construction and operation will 
now be considered. 

o - 

.i 
. 

1. TILE ELECTROSTATIC FIELD. In a previous lesson, it was 

learned that the addition of electrons to a body causes it to be- 
come negatively charged. On the other hand, when electrons are 
removed from a body, it exhibits a positive charge. 

In Fig. 1 are shown two metallic spheres resting upon insulat- 
ed stands. Some electrons are added to sphere A, and it, there- 
fore, acquires a negative electric charge. That is, A is negative 
with respect to B; or, conversely, B is positive with respect, to 
A. It is assumed that enough electrons are added to A to make it 
one volt negative with respect to B. If, in addition, the same 
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number of electrons that were added to A ere removed from B, this 
sphere acquires a positive charge of one volt. The following con- 
ditions prevail. A is 1.volt negative with respect to ground, mid 
'B -is 1 volt positive with respect to ground. Therefore, the dif- 
ference in, potential between spheres A and B is 2 volts. In a 
previous lesson the statement was made that like charges repel and 
unlike charges attract. Since the two spheres are charged oppo- 
sitely, there exists .an attracting force between them. 

Electrostatic 
Lines 

Fig .1 Electrostatic'Field Between 
Two Charged Metal Spheres. 

Lal lh' 
Fig.2 Electrostatic Field Between 

a Charged Body and the Earth. 

In Lesson 9, it was seen that there is an attraction between 
the north and south poles,of a magnet and that the direction of 
this force is represented by magnetic lines of force drawn from 
the north pole, through the surrounding air to the south pole. 
The magnetic lines of force constitute an electromagnetic or mag- 
netic field. In the same manner there exists between two opposite- 
ly charged bodies an electrostatic or electric field. This field 
may also be represented by lines drawn from the positively charged 
body through the air to the negatively charged body, and they in- 
dicate, by their direction, the manner in which a free, positive 
charge would be moved if it were shielded from all.external forces. 
These -electrostatic lines are shown in Fig. 1. 

If a connecting path, such as. wire, is provided between the 
two sphere the electromotive force which exists between the two 
ends of thire causes a redistribution 'o£ the electrons in the 
entire system; that is, 'electrons are moved from the points where 
they are densest throughout the connecting wire and the two spheres, 
until they are evenly distributed throughout both spheres and the 
wire. This movement of electrons constitutes an.electric current 
and it continues until there is no difference of potential elcist- 
ing betweeá any two parts of the system. Fig. 2 illustrates the 
electrical field existing between a charged body and the earth. 
In Fig. 3, is shown the electrical field between two oppositely 
charged flat_metal plates. We are now ready to begin the discussion 
of condensers. 

Fig .3 Electrostatic. Field Between 
Two, Charged Flat Parallel Metal Plates. 

.{ 
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2. DEFINITIOR,OF A CDNDEASER. A condenser may be defined as 
any two conductors separated by an Insulator. This definition is 
general and.may apply to parts of a circuit, which at first sight, 
in no way resemble condensers, with which weshall become familiar. 
Even the ordinary condensers used in Radio and Television present 
such a variety of appearances that we -think it. advisable 'at` this 
time to show you a picture illustrating some of the more common 
types. In Fig. 4 are shown several condensers known -as fixed con- 

- 

(A) (B).' r_ (C) (D) - . , 

. 

-- 

--iF- (E) 

Fiy:a Illustri'ting'Varióus'Tyles 
of Fixed-Condensers'and Symboa.. 

densers; in other words, their capacitance cannot be changed. The 
symbol used to represent any of these condensers is shown at E. 

It is unfortunate that the term condenser has become so com- 
mon, for this term in no way describes the true function of this 
device; that is, the condenser does not condense anything., It 
does, however, have the ability or capacity to store electrons on 
its plates. A much better word would be capacitor, and this term 
is gaining rapidly. in popularity. The ability for storing electric- 
al charge or electrons is called the capacitance of the condenser. 
However, the term capacity is commonly used in practice instead of 
capacitance. Since the terms capacitor and capacitance, and also 
condenser and capacity, are found in radio literature, it is allFvis- 
able that you become familiar with all four of these terms. ' 

It is frequently desirable to use. a condenser wh capecity 
may be varied at will. Several types of variable co users and 
the symbol are shown in Fig. 5: The two condensers at B andC are 

~Lai « Stator 
Rºtor. 

(B) 

r . 
. 

, 

Fig.S Wust:ráting Séverá.lTypés of Variable,Condénsers añd 
- 'Symbol. 
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variable by means of a knob or dial, which is placed on the front 

of the receiver or transmitter, while the one shown at A is variable 

by means of a screwdriver; that is, after its capacity has once 

been set at a definite value, it is not ordinarily changed. 

3. ACTION OF DC ON A CONDENSER. An electric current consists 

of a flow or drift of electrons from the negative terminal of the 

voltage source, through the external circuit, toward Cite positive 

terminal of the voltage source. If a pure, direct voltage source 

is applied to a closed circuit, there is a continuous flow or drift 

of electrons about the circuit. A condenser, however, does not 

constitute a closed circuit, and when one is connected across a 

pure DC voltage source, an entirely different condition exists. 

Suppose that a condenser,consisting of two parallel flat metal plates, 

a galvanometer, and a switch are connected in series with a battery. 

This circuit is illustrated at A in Fig. 6. 

There are present in any conductor free electrons which are 

not permanently attached to any one atom, but which move to and fro 

from one atom to another in a somewhat haphazard fashion. When the 

switch in the circuit is open, there are approximately the same 

number of electrons on each plate of the condenser. The material 

between the plates of the condenser is called the dielectric. In 

this case, it is air, though it might be paper, mica, or some other 

insulating material. The dielectric, since it is an insulator, 

does not have any free electrons. The electrons in the dielectric ; 

revolve about their respective atoms in nearly circular orbits; 

each electron being more or less firmly fixed to its respective 

nucleus. At the instant of closing the switch, the needle of the 

galvanometer deflects and then immediately returns to zero, indi- 

cating that there is a momentary flow of current which lasts a 

very short time. Simultaneous with the closing of the switch, many 

free electrons are removed from the upper plate, causing a deficien- f 

cy of electrons and hence a positive charge at this point. These 

electrons begin to drift toward the positive pole, and at the same 

time an e 1 number of electrons are crowded into the lower plate, 

producingn excess of electrons, or a negative charge on this t 

plate. 
Do not construe this to mean that the same electrons which 

are taken from the positive plate actually traverse the circuit 

and are crowded into the negative plate. This is far from the 

truth. Those electrons in the positive plate move a very short 

distance toward the positive terminal of the battery due to its 

attraction for them. They, in turn, push other electrons in front 

of them and so on around the circuit. Some electrons which are 

near the negative plate are forced on to it; and this plate acquires 

as many electrons as the positive plate lost. However, no elec- 

tron, on the average, moves more than a small fraction of an inch. 

Since the electrons everywhere in the circuit are in motion, the 

galvanometer indicates a current flow. 

The excess of electrons on the bottom plate produces a cbarg- 

ed condition in the dielectric between the plates; that is, they 

exert a repelling force on the electrons of the atoms in the di- 

electric. These electrons, however, since they are not free elec- 
r 
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ists between the plates of the condenser an electrostatic field, 
and this field may be considered as the cause of the distorted elec- 
tron orbits. This process is called charging the condenser. 

It is apparent that a larger applied voltage will cause the 
removal of more electrons from the top plate and the addition of 
more to the bottom plate; that is, the top plate will be made more 
positive and the bottom plate more negative. Likewise, the number 
of electrons drifting around the circuit will be greater. Also, 
the repelling and attracting force of the two plates on the dielec- 
tric electrons will be increased and the atoms of the dielectric 
will be strained more and more out of their normal positions. Or 
it can be said that a stronger electric field will be produced. 

The unit of quantity of electricity is the coulomb; a certain 
definite number of electrons. When some electrons are removed 
from the .top plate and an equal number are introduced into the bot- 
tom plate, a definite quantity of electricity, which may be measur- 
ed in coulombs, or a fractional part of a coulomb, has been trans- 
ferred around the circuit. The condenser has acquired a certain 
amount of electric charge or a definite number of coulombs on its 
plates., The removal of electrons from the top plate and the addi- 
tion of electrons to the bottom plate requires an electronic drift 
through the. connecting wires, the battery, and the meter. As the 
electrons pass through the meter, it indicates that a certain 
amount of.current is flowing. The'time required to charge a con- 
denser is of very short duration; therefore, current flows for a 
very short time. This current is called the charging current or 
the dielectric current of the condenser. 

Suppose'that the battery of this circuit is now disconnected, 
and the terminals of the condenser are connected together through 
the galvanometer. The electrons which had collected. on' the lower 
plate begin tó flow through the circuit and through the meter, and 
the top plate regains the number of electrons lost during the charg- 
ing process. This continues until there are the same number of 
electrons on each plate, and the condenser is then said to be dis- 
charged. Again, as the electrons are moving back to their former 
positions, the meter indicates that a momentary current is flowing; 
this time in the opposite direction. Likewise, the repelling and 
attracting force of the two plates of the condenser on the dielec- 
tric electrons is now removed, and the dielectric electrons return 
to their normal orbits. This discharging current is equal, in 
amount, to the charging current. In Fig. 6, C illustrates a con- 
denser discharging. 

If the polarity of the battery is reversed and it is again 
connected in the circuit the condenser charges, but in the opposite 
direction, as shown at D in Fig. 6. The top plate acquires an ex- 
cess of electrons, while on the bottom plate there is produced a 
deficiency of electrons. The dielectric electrons are again strained 
out of their normal positions, but in the opposite direction and, 
in addition, the electric field is reversed. The same number of 
electrons are transferred as in the previous case, if the voltage of 
the battery is not changed. 

It can readily be seen that the charging of the condenser is 
the process of raising the potential of one plate to a higher point 

6 

.; 

E. 

; 



with respect to the other. Sufficient electrons are remcved from 

the positive plate and added to the negative plate until the poten- 

tial difference existing between the two plates is equal to that 

of the applied voltage, at which time the charging current stops. 

If a higher voltage is used, more electrons are transferred through 

the circuit until the voltage between the two plates is again equal 

to the applied voltage. Therefore, increasing the applied voltage 

increases the amount of charging and likewise discharging current. 

If a condenser whose plates have a larger surface area than 

the one just considered, is charged to the same applied voltage, 

a greater number of electrons must be removed from the positive 

plate and more added to the negative plate; likewise, the number 

of electrons transferred tnrough the circuit is greater and the 

current flow correspondingly larger. This may be explained by the 

fact that a certain number of electrons must be removed from each 

square inch of the surface of the positive plate to raise its po- 

tential the required amount. Therefore, when the surface area of 

the plates is made larger, the total number of electrons which must 

be removed is greater, since each square inch of the plate must 

have its potential raised the r.me amount. 

If the same two plates : placed closer together so that the 

thickness of the dieleci.*' is considerably less, it requires the 

transfer of a greate. ..tuber of electrons to charge this condenser 

to the same applied voltage. The dielectric electrons are strain- 

ed farther from their normal positions and the charging current is 

larger. 
When the plates are closer together, more electrons can be 

piled upon the negative plate with the same amount of voltage, due 

to the greater attractive force of the positive plate for the elec- 

trons on the negative plate. In this case, the electric field is 

more concentrated. The amount of charging current can be increas- 

ed by raising the applied voltage, by making the surface area of 

the two plates larger, or by placing thetwc plates closer together. 

4. CAPACITY OF A CONDENSER. The number of coulombs of charge 

required to establish a difference of potential of 1 volt between 

the plates of a condenser is called its capacity; or the more elec- 

trons displaced in the dielectric, the greater the capacity of a 

condenser. 
The unit of capacity is called the farad.' A condenser whose 

capacity is one farad requires one coulomb of electricity to bring 

its plates up to a potential of 1 volt; that is, we would need to 

transfer 6.28 x 101a electrons from the positive plate of this con- 

denser around to the negative plate. The physical dimensions of 

such a condenser would be tremendous. The farad (fd.) is much too 

large a unit for practical purposes, so sub -divisions of the fun- 

damental unit are used, such as the microfarad and the micromicro- 

1 Named ín honor of Michael Faraday, 1791-1867, a famous English physicist and 

chemist who did distinguished work in electricity. 

7 



farad. A microfarad is one -millionth of a farad. A micromicro- 
farad is one -trillionth of a farad, or one -millionth of a micro - 
farad. These two units are sometimes abbreviated mfd. and mmfd. 
A condenser of 1 mfd. capacity would require one -millionth of a 
coulomb or one microcoulomb of electrical charge to raise the po- 
tential difference of its plates to one volt. That is, we would 
have to remove one microcoulomb, or more than 6 trillion electrons 
from the positive plate and add this many to the negative plate. 
The capacity of a condenser may then be defined as the quantity of 
electricity measured in coulombs with which it must be charted to 
raise its potential one volt. 

There is a formula which expresses the relationship between 
the capacity, the quantity of electricity and the potential dif- 
ference betwee the plates of a condenser. This formula is: 

or it may be written: 
C = Q - E 

Q = C x E 

C is expressed in farads 
Where: Q is expressed i coulombs 

E is expressed in volts 

Example: Let us use this formula to calculate the quantity of 
electricity required to charge a 10 mfd. condenser to 100 volts. 

Q = C x E 

= ..00001 x 100 (10 mfd. = .00001 fd.) 

_ .001 coulomb. 

Example: If it requires .001 coulomb to charge a condenser to 
50 volts, let us use the formula C = Q = E to calculate the capac- 
ity of this condenser. 

C = Q = E 

= .001 coulomb 
50 volts 

= .00002 fd. 

= 20mfd. 

Notice that the voltage of the battery does not determine the 
capacity of the condenser. While it will take 1 microcoulomb of 
electricity to charge a condenser whose capacity is one mfd. to 
one volt, and it will also take ten microcoulombs of electricity 
to charge the same condenser to a potential of 10 volts, still the 
capacity of the condenser is the same in either case. The capacity 
of a condenser is determined by three thtnts: (1) The area of 
the plates ofthe condenser. (2) The distance between the plates. 
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f: (3) "The nature of the dielectric. We'can increase the, capacity 
of. a condenser by increasing the area of the: metal plates, 
decreasing the distance between the plates, or by using as the 
dielectric, a material which alloys the accumulation of more elec- 
trons on the negative, plate of the condenser for a given applied 
voltage. 

5 DIELECTRIC CONSTANT. Lét us amaze that we have a oon- 

1 
denser, such as shown in Fig. 7, whose plates are so arranged 

Air 
51 

Fig.7,1_ I4,1ustrating the Meaning, óf Dielectric Constant. 

$ Mfd. 

Glass Mica 

that various -insulating materials can be inserted between them to 
be used as the dielectric. Let us say that the capacity of this 
condenser, when air is the dielectric, is 1 mfd. If a sheet of mica 
is inserted between theplates and the capacity of the condenser 
is measured, it is found to have increased, perhaps, five times. . 

Or it will take about five times as such electricity to charge the 
condenser to the same potential as before. Again, if a piece el 
glass is used as the dielectric, the capacity of the condenser in- 
creases 8 times. This increase in capacity is probably due to the 
internal atomic, structure of the material used as the dielectrics 
Some materials are so constructed that -an electric,field can dis- 
tort moreof their electrons than it can in others. Since. every 
insulating' material has .a slightly different atomic structure, it 
.follows that. each material will have different effects upon the 
capacity of a condenser when that material is, used as the,dielec- 
tric. 

Every insulating material has a dielectric constant. The,di- 
electric"constant of an insulating material is the rat to of the - 

capacity of a condenser using this material to the capacity that 
the same condenser would have when using air as the dielectric. 
In the preceding experiment, the dielectric constant of the mica 
is 5 and that of the glass 8. Nearly all variable condensers use 
air as the dielectric, while small fixed condensers ordinarily use 
either paper or mica. For your convenience, we have listed below 
the dielectric constants of some of the more common' materials. 

Air 1. 

Paraffin Wax 1.99 to 2.29 

Rubber - 2.0 to 3.5 

. Fibre, - ' 2.5 to 5.0 

(Continued Next,age) 
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. Mica - . 2.5 to 6.7 

Quartz 4.49 to 4.55' '. 1 

Bakelite 4.5 to 5.5 - - ,í 

Glass (various grades) 5.0 to l0.Ó 

.,Porcelain 5.7 to 6.8 

Notice that mica, for example, can have a, dielectric constant ,,;1 

from 2.5 to 6.71 The dielectric constant' of a particular piece of 
mica will depend upon the purity of that piece. This is also ttue 
of the other materials listed in the table. 

6. VOLTAGE BREAKDOWN. If .a voltage is applied -across aá in- 
misting material, such as the dielectric in a condenser, the di- 
electric electrons are strained from their normal positions. As 
the voltage is increased, the amount' of strain. becomes greater, 
the electrons moving farther and farther from their respective atoms. 
With a continued increase in voltage, the point is finally reach- 
ed where some óf. the electrons are torn 'from their atoms and rush 
over to the positive plate óf the condenser. .Under the influence 
of this high voltage, these electrons acquire considerable velocity. 
They collide with other atoms, dislodging electrons from them. ' These 
electrons which have been knocked off join the main electron stream 
traveling over to the positive plate. This flow of electrons chars 
a path through the dielectric, actually puncturing the dielectric 
material. This charred path is composed of carbonized particles 
of the dielectric material and since carbon is a fair conductir, 
current will now flow fairly easily directly through the condenser 
from one plate to the other. The condenser is no longer useful and 
mast be discarded; it is said to have broken down. If a high volt- 
age is applied to a'condenser whose dielectric is air, no perman- 
ent injury is done'to the dielectric. AN soon as- the high poten- 
tial is removed, the condenser is again serviceable. All fixed" 
condensers have stamped or printed on their outer surface the cap- 
acity of the condenser as -well as the voltage breakdown. This 
voltage breakdown must not be exoeeded. 

The amount of voltage, which may be'safely applied 'to - 'a con- 
denser depends upon , first, the' thickness of. the dielectric, and 
second, "the material of the dielectric. For a given thickness,' 
mica will stand a much higher voltage than will paper. 

The following table shows the voltage breakdown per thousandth 
of an inch for various materials: 

Air (Dry) 50 

Dry Manila Paper 110 to 320 

Glass 150 to 300 

(Continued on Next Page) 
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Untreated Pure.Para.Rubber 300 to 500 

Paraffin Paper 800 to 1,000 

Dry Processed Porcelain . 1,000 

Mica . 
2,000 to 8,000 

It is difficult to measure the breakdown voltages exactly for 

they vary greatly with the particular smile tested. 

7. ACTION OP PULSATING DC ON A CONDENSER. The circuit shown 

in Fig. 8 consists of a condenser, 'a milliammeter which has its 

Fig.B' Circuit Used to Apply 
a Pulsating DC to a Condenser. + 

B 

zero position at mid -scale, a voltmeter, a potentiometer, and 90 - 

volt battery. The, potentiometer is connected across the battery 

and its sliding arm is connected to one plate of the condenser. 

The other condenser plate is connected to the top end of the po- 

tentiometer. When the slider isat A, no voltage is applied to the 
, condenser, since both, plates are connected to the positive end of 

the battery. When the slider is at B, the full 90 volts_ areappli- 
ed to the condenser, since one plate is connected to the positive 

terminal of the battery and the other plate to the negative termin- 

v- al. When the slider is at a point between A and B, a voltage some- 

: what, less than 90 volts is'applied to the condenser. Thus by vary- 

ing the position of the slider, any voltage between 0 and 90 volts 

can be applied to the condenser.' 
Starting with the slider at point A, it is moved downward un- 

til the voltmeter reads 45 volts. During the time the slider arm 

is in motion, the. milliammeter indicates that the condenser is 

' drawing current, or is charging to the applied voltage of 45 volts. 

- If the slider arm is now moved back to point. A, the condenser dis- 

charges, since there is nó voltage applied to it. This causes the 

milliammeter to indicate that a current is flowing in the opposite 

direction. Suppose that the slider 'is rapidly moved from top to. 

bottos. When it is moving down from A to B, the voltage across the 

condenser is increasing and the condenser is charging to this ap- 

:I plied voltage. When it is moving np from B to A, the voltage across 

the condenser is becoming smaller and the condenser corresponding- 

ly discharges until the potential across it equals the applied 

L .voltage. This movement ,of the sliding arm on the potentiometer 

corresponds to applying a pulsating DC voltage to the condenser 

1, and it should be noticed that whenever the voltage applied to the 

condenser is-changii ; the millimeter indicates that a current is 

flowing in the condenser circuit. Prom this experiment tt can -be 

' concluded that current flows in a ,condenser circuit whenever the 
1, 

voltage applied to the condenser'is chanted, and that the treat - 
1 

t ' 
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dt 

er the rate at which thts voltage is changed, the greater is the 

amount of current flowing to the condenser circuit. This can be 

proved by moving the slider at first slowly and then more rapidly, 

and. noting that the deflections 'of the milliaameter are greater 
with the more rapid motion. 

'Let us say that the slider is coved froi A to B in one second. 
This mans that the voltage across the condenser is changed from 
0 to 90 volts in a second: Assuming that the capacity of 'this con- 

denser is 1 miorofarad, it Is possible to calculate the quantity 

of electricity required to charge it to 90 volts by means of the 

formula Q = C,x E. (1 ofd. = .000001 fd.) 

.. Q- = .000001 x 90. 

= .00009 Coulomb, or 90 microcoul.oabs 

This 90 microcouloabs of charge oust be transferred around the cir- 
cuit in one second of time. To find the amount of current which 
-must flow to aoeoaplish this, the formula: amperes = coulombs + 
seconds, which. was learned in Lesson 3, can be used. 

Í = 
, 1 

_ = :00009 eiiipére; or .90 microamperes 

If the slider is moved from A to,B in .001 second, 90 micro- 
. Coulombs must be transferred around the.circuit in this time. There- 

' fore, the current flowing would be: . - 

I= 

_ .09 ampere, or 90 'milliamperes 

It' is evident that the greater the rate át which the voltage is 
changed, the shorter is the time available for ng and dis- 
charging the condenser. .Phis means that the quantity f electri- 
city needed to charge the condenser must be transferred in a short- 
er interval, which necessitates the flow of a larger current. 

8. ACTION 'OF AC ON A CONDENSER. The circuit shown at B in Fig 
9" will be used to explain the action of AC on a condenser. It 

consists of an AC generator, an AC ailliammeter, and a condenser 
connected in series. At A in the figure is shown one cycle of an 
alternating voltage. As the voltage across the alternator in- 
creases during the first half of the first alternation; that is, 
from A to B in the figure, the voltage across the condenser is in- 
creasing and it is taking a charge. From B to C the voltage across 
the alternator is decreasing to zero. Since the voltage across 
the condenser is decreasing, the condenser discharges until at the 
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Fig.9 I1)ustrating the Action 
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ELECTRON PLOW 

(B) 

or AC on a Condenser. 

time point C is reached, the voltage across it is..zero. During 
the second alternation, the voltage across the alternator rises to - 

a maximum in the opposite direction as shown from C to D. The , 

condenser charges to the peak voltage, but in the opposite direc- 
tion; that is, that plate which was positive before is now nega,- 
tive, and vice versa. Finally, from Dtog, the voltage across the. 
alternator is- again returning to zero; therefore, the condenser 
discharges_ until the potential across its plates is again zero ás 
shown at E. - Notice that the condenser goes through four cemplete 
changes as this one cycle of alternating voltage is applied to it; 
that is, it charges in one direction, discharges to zero, charges. 
in the opposite direction and finally discharges again to zero. 

If the polarity of the charge is, rapidly reversed, as is the 
case- when an alternating voltage is applied across a' condenser, 
there is a straining of the electron orbits in the dielectric, 
first in one direction'and then in the opposite direction. This 
continued movement of the dielectric electrons; shown at B in Fig. 
9, produces friction which results. in the generation of consider- 
able heat. - 

. 

An alternating voltage of sine'wave form produces in the cir-' 
j cuit of a condenser, a flow of current which is, itself,, a sine 

wave: An AC milliammeter connected ,in the circuit has a steady - 

deflection since it is unable to follow the rapid. fluctuations of. 
the current. Since current -flows in &,'circuit,in which a conden- 
ser is connected whenever the voltage applied to the condenser 
changes, it follows that current will continue to flow in this cir- 
cuit when an alternating voltage is applied, since this voltage is ' 

constantly changing. - 

'If the voltage of the AC generator is increased, a larger_ 
é- current flows in the circuit, since the condenser must charge=to' 

a_higher voltage in the same length of time, and this requires an' 
increased current. Likewise, if the capacity of the condenser -is 
increased, a greater quantity of_electricity is needed to charge -_ 

the condenser to the applied voltage, which also necessitates the 
flow of a larger current. Finally, if the frequency of the AC 
generator is raised, the output voltage rises to its maximui'value 
in a shorter. interval of time. The condenser must charge in this- 
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shorter time, and to do this requires a greater current flow. 
The current surges back and forth into and out of the plates 

of the condenser, charging it in one direction and then opposite- 
ly. No current, however, flows from one plate of the condenser 
through the dielectric to the other plate. The condenser merely 
stores electricity in its pla#es during one.part of the alteri:a- 
tion and releases it during the succeeding part. The effect is 
the sale, however, as though current actually flowed through the 
condenser, and it may be correctly stated that an alternating cur- 
rent flows effectively through a condenser. 

To clarify the foregoing, let us consider a hydraulic analogy 
of the action of alternating current'on a condenser. In Fig. lo, 

Rubier 
Diaphragm 

Pistofl 
- r 

91 

.f 1,g.10 Hydraulic Analogy 
of 6Condeñser Used with AC. 

there is illustrated a water tank which is separated into two parts 
by a rubber diaphragm which does not allow the water to flow from 
one part 'of the tank through the diaphragm. to the opposite part. 
Two pipes extend from the two parts of the tank to a" cylinder in 
which a piston is allowed to lave freely. -As the piston moves up, 
water is forced out of the top of the cylinder, around through the 
pipe into the top chamber of the tank, At the same time, water is 
drawn out of the lower chamber of the tank into the bottom of the 
cylinder. The top chamber now contains more water than the bottom 
and the -rubber diaphragm is forced downward as shown by the dotted 
line. As the piston moves from the top hf the cylinder to the 
bottom, water is drawn out of the top chamber of the tank into the 
top of the cylinder; likewise, water is forced out of the' bottom 
of the cylinder into the bottom chamber of the tank. When the pis- 
ton is at the -bottom of its downward stroke, the rubber diaphragm 
in the tank is forced upward. In this analogy, the double -action 
pump is.equivalent to an alternating current generator; the two 
parts of'the tank correspond to the twoplates of a condenser; and 
the rubber diaphragwúperforms the same function as the dielectric 
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of a condenser. When water is added to one chamber of the tank 
and taken from the other, the action is similar to adding electrons 
to one plate of a condenser and .removing them from the oppósite. 
plate.. The stretching of the rubber diaphragm corresponds to the 
strain which exists in the dielectric, when its electrons are dis- 
torted from their normal positions. When the.two parts of the tank 
contain the same amount of water, there. is no pressure on the rub- 
ber diaphragm. Likewise, when there are the sane number of elec- 
trons on both plates of á condenser, no strain exists in the di- 
electric. Water flows back and forth through the pipes connect- 
ing the tank to the cylinder, but.no particle of water makes.a com- 
plete circuit of -the system. In the same manner -electrons alter- 
nate back and forth through the connecting wires in a condenser 
circuit, but hone of them drifts completely around the circuit. 

9. CAPACITIVE REACTANCE. Iñ the preceding discussion, it 
was learned -that the amount of alternating current that flows in 
a condenser, circuit depends upon the capacity of the condenser, 
the amount of alternating voltage applied and the frequency of this 
voltage. If any one of these three factors is increased, a larger 
current flows. ,It is apparent that not as much current flows as 
would if the condenser were. shorted out, for in that case, the only 
opposition to the flow of current would be the resistance of the 
connecting wires. The condenser, itself, offers some opposition 
to, the flow of current. This opposition, is called the' capacitive 
reactance of the condenser.. It is abbreviated Xc, and since it is 
an opposition to the flow of current, it is measured in ohms, just 

'like resistance and'inductive reactance.' The greater the capacity 
of a condenser, or the higher the frequency of the applied voltage, 
the smaller is the capacitive.reactance of the condenser, sincein 
either case More current flows with the same applied voltage. Or 
it'can be stated .that the capacitive reactance -of a condenser is 
inversely proportional to its capacity and to thefrequency of the 
applied voltage.. The formula forcaleulating the capacitive re-. 
actancé is: 

(1) Xc = 6.28-x F x (t, 

Xc is the capacitive reactance in ohms, 
Where: F is, the frequency in cycles per. second. 

C is the capacity in farads. 

Since nearly all of the condensers commonly used in Radio and Tele- 
vision have capacities in the order of microfarads or less, another 
formula has been derived in which the capacity may be substituted 
directly in microfarads. This formula is:; 

(2) Xc = 
110QQ 

.6.%3xFx-C 

X.c is the capacitive reactance in ohms. 
Where:' F is the frequency ip kilocycles. 

C is the capacity in microfarads: 

15 



I 

Forml.la '(2) ie derived from fórmula (1) 
only the right-hand side of this equation; 
ohms. 

by the- following method:. we will work on ,1) 
thus -the left-hand side'will still be .in ',- 

'Cycles = Kilocycles x 1.000 

G- Farads =1 
Jf we write formula (1)'14ke`this:. 

I J 

Xc - b. 28 1( Cycties ,;'. 1 érads 
" 

, 
- 

we can use the two preceding equations and substitute Ili formula (1), , For cycles, we 

will substitute; kilocycles x 1,000; and for farads, we will substitute;- 
ml W,000s. 

Formula (1) then looks like this: ,,* I- - 
Xc 

6.28 xKildcycles x 1,000 x 2,1.919p 

The 1,000 will canyellJnto the 1.000,000 and .the foríeulathen becalms:. 

- 1 

. 'á ' . 

6.28-x kc X k 
1.x000 6.28 x kc x -- 

**.T1 

Let s`*irk a few examples illustrating'the use of these fórmulas. 

Example 1: What is the cepacitivé reactance of an 8 mfd. 'con- 
' diser at a frequency of 120 cycles? (Before substituting in formula 

(1)1 the 8.mfd. mast be ..converted to .000008 fd.) _- 

1 
/lc = 6:28 x 1?A' x .000008_.= 

166 ohms.. 

Example 2: Find the capacitive reactance of a .05 afd. con- 
denser at a frequency of 10,000 cycles. Formals (2) may be used 
if the 10,000 cycles is changed to- 10 kilocycles. ' . 

Xc 
1.000 31$ oh 

= 6.28x -10x.01 msR 
_ 

This condenser would- allow as much current to' flogs, 'when 'it is con 
nected to an alternating voltage whose .frequency is 10,000 cycles, 
as would a resistor of 318 ohms. 

The amount of current flowing in a circuit is' found by divid - 

ing the applied voltage by the resistance or opposition to the - 

of current, or I = E + R. _ 
If, in a condenser circuit, the resistance of the -connecting 

wires is disregarded; -the only opposition, to the flowof current -, 
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1,000 y 

Xc = 6.28 x Kilocycles x mic íj ads - - 

Now if we'multiply the numerator and the denominator .of this fraction by l00Ó' 
(this does not change -its value), we obtain: 

i 

1.00q_, 

, 
' 

1 

6.28 R kcxmfd' which is formula (2): ; -_ , III I _ 

4 

É 

_; 

- 
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-1 is the capacitive reactance of the condenser. Therefore, Ohm's 
Law as applied to a condenser. circuit is I = E + Xc. For.exaíple: 
If 100 volts at a frequency of 10,000 cycles is applied to the 
condenser of Example (2), the mount of current that flows is found 

. 
-! 

by: . 

+. I = % - 

= .314 ampere or 311- ma. 

It is possible to determine the value of a_condenser of un- 
known capacity by connecting it to a source of alternating volt -.- 
age and measuring the voltage applied across the condenser with an 
AC voltmeter and the current drawn by the condenser with an AC 
milliasseter. When these values have been found, the capacitive : 

reactance of the condenser may be calculated by using Ohm's Law as 
applied to capacitive circuits or Xc = E + I. Knowing the capaci- 
tive reactance, the capacity of the condenser can be found if the, 
frequency of the applied voltage is known, by this formula: 

1,.000 
.(3) 

Where: 

duple 3: If a 
cycle AC source,. what 

C'' 6.2834FxXc 

C is in microfarads 
F is in kilocycles 
Xc is in ohms 

condenser draws 20 ma. fro:0 a 100 -volt, 60-. 
is its capacity? - 

Xc = 1 s = 5,000' Ohms . 

ampere 

C = 
6.28 x 

1. 

.5,000 
= :53 mfd. 

,r. 

. `_ 

111.+. 

' 

Notice that the 60 cycles was changed to ':'06 kilocycles before sub- 
stitution was made in the formula. 

. The following examples are included to give. you practice in -, 

using the formulas for calculating capacitive reactances. It is 
to your own advantage to solve these examples, and the answers are 
given so that you may know whether your" method of solution is cor- 
rect. - 

Example 4: Calculate the capacitive reactance oea .001'afd. 
Condenser at d frequency of 1500 kilocycles. Answer: 106.2 ohms. 

-Example 5: Calculate the capacitive reactance'of a .25 mfd. 
Condenser at .a frequency of 50 cycles. Answer: 12,739 ohms. 

`Kcample 6: What is the'Capacitive reactance of a .02 mfd. 
condenser at'a.frequency óf 50 cycles? Insurer: 159,235 ohms., 

It can be seen that changing the frequency of an alternating 
current has just the opposite effect upon inductive reactance that 
it'has upon capacitive reactance. If a. pure DC voltage is applied 
to a,condenser (DC voltage can -;be' -considered as an alternating 
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current whose frequency is zero), it is found that the capacitive 

reactance of the condenser is infinite; 'that is, it allows no con- 

tinuous current to flow. As the frequency of the applied voltage 

is increased, the capacitive reactance of the condenser becomes 

smaller. On the other hand, if a pure DC voltage is applied to a 

coil, it is found that its inductive reactance is zero. As the 

frequency of the applied voltage is increased, the inductive re- 

actance becomes larger. 
Fig. 11 is a table which gives the capacitive reactance of 

standard condensers at commonly used frequencies. 

REACTANCES OF CONDENSERS OF STANDARD CAPACITANCES 
AT COMMONLY USED FREQUENCIES 

FREQUENCY IN CYCLES PER SECOND 

CAP. 
IN 

Broadcast Radio I Audio Frequencies I Power Supply Frequencies 
Frequencies 

M FDS 500.000 11,500,0001 50 
1 

10.000 1 25 60 1 120 

CAPACITIVE REACTANCE IN OHMS . 

.00005 6.369.4 2.123.1 63,694,267 ,318,471 127.388,534 53.078.503 29,539,132 

.0001 3,184.7 1,061.6 31.847.133 159,235 63.694,267 16.339.232 13.269,626 

.00025 1.273.8 424.6 12,738,853 63,694 25,477,706 10,615,600 5,307,830 

.0005 636.9 212.3 6,369.426 31,847 12,738.833 3.307,830 2,653,925 

.001 318.3 106.2 3,184.713 15,924 6,369,427 2.633,925 1,326.963 

.005 63.7 21.2 636,943 3.185 1.273,885 330.785 265,393 

.01 31.8 10.6 318,471 1,592 636.943 265,393 132,696 

.015 21.2 7.1 212.314 1,061 424,629 176.919 88,464 

.02 15.9 5.3 159,235 796 318,471 132.697 66,348 

.03 6.4 2.1 63.694 318 127,389 53,078 26.539 

.1 3.2 1.1 31,847 159 63,694 26.539 13,270 
.25 1.28 .42 12,739 64 25,478 10.616 5,308 
.5 .64 .21 6,3651 32 12,739 5,308 2,654 

1.0 .32 .11 3,184 15,9 6369 2,654 1,327 
2.0 .16 .05 1,592 7.9 3,184 1,327 663 
4.0 .08 .03 769 3.9 1,592 664 332 
6.0 .05 .02 531 1.6 1,062 442 221 
8.0 .04 .01 398 2.0 796 332 166 

10.0 .03 .01 318 1.6 637 263 133 

15.0 .02 .01 212 1.1 423 177 88 

Full wave rectification of 25 -cycle current Is equivalent to 50 -cycle column under "Audio Frequencies." 
Hall wove rectification of 25 -cycle should never be used because of hum. 

10. CONDENSER LOSSES. It has been assumed that all of the 

condensers previously discussed were perfect; that is, all of the 

energy taken by the condenser when it was charged was returned when 

the condenser discharged. Actually, no condenser is perfect in 

this respect. Each has some power loss which prevents the return 

of all of the energy. 
The first of these losses is the resistance loss. The elec- 

trons which charge the condenser must pass through the connecting 

wires and in and out of the plates of the condenser. These materials 

are conductors and all conductors have some resistance. Therefore, 

these electrons produce heat in the connecting wires and in the 

plates of the condenser. This heat represents a power loss which 

is equal to the current squared times the resistance through which 

it must flow. With well -designed condensers, this resistance loss 

is kept at a minimum by constructing the condenser plates and the 

connecting wires with a material which has a very low resistance. 

The second loss is known as leakage. It has been stated that 

the dielectric of a condenser is an insulator. There is, however, 

no perfect insulator, since any material will allow a very small 

current to flow when a voltage is applied acrass it'. There will, 

therefore, he a small, continuous current flowing from one plate of 

18 



the condenser through the dielectric to the opposite plate. This 

leakage current, as it is called, produces a power loss since it 

tends to discharge the condenser. A well -designed paper condenser 

may have adielectric whose resistance is 200 or 300 megohms, while 

a poorer type of paper condenser may have a dielectric whose re- 

sistance is only 10 megohms. Obviously the second condenser would 
have the greater leakage. It is also possible for leakage to occur 

from one terminal of the condenser to the other across the surface 

of the case. This is especially true if the air is rather humid, 

as this allows a film of moisture to collect upon the case of the 

t condenser. If acondenser did not have this loss, it would be pos- 

sible to charge it, disconnect it from the charging source, and 

keep it in a charged condition for an indefinite period. Actually, 

however, few condensers will retain a charge for more than a few 

minutes. Condensers of air or mica dielectrics have a very low 

leakage loss, while paper and electrolytic condensers have a high- 

er leakage loss. 
When a condenser is charged by a steady voltage, the electrons 

in its dielectric are distorted from their normal orbits. When 

the terminals of this condenser are touched together, these elec- 

trons, since they are not perfectly elastic, do not return to their 

normal positions immediately. They, therefore, prevent theconden- 

ser from instantaneously discharging to zero voltage. Some of the 

charge residing on the plates of the condenser is removed at the 

instant when the terminals touch. Successive weaker discharges 

can, however, be obtained from the condenser by repeatedly touch- 

ing the terminals together. The charge which is lost at the first 

contact is called the free charge, and a definite interval of time 

is required for the remaining charge, which is called the absorbed 

charge, to he removed from the plates of the condenser. If the 

condenser is successively charged and discharged by ahigh-frequen- 
cy alternating voltage, it is possible that the time available for 

discharging the condenser is not sufficient to allow the dielectric 

to come out of its strained condition; or the condenser does not 

have time to return all of the energy which it has received. This 

absorbed charge is never recovered and it, therefore, constitutes 

a power loss. 

The higher the frequency of the applied voltage, tha more re- 

versals of the electron orbits there will be per second, and, con- 

sequently, less time available for the tielectric to come out of 

= its strained condition. Thus the movement of the dielectric elec- 

trons lags behind the changes in the applied voltage. When the 

applied voltage falls to zero, the dielectric electrons are still 

slightly strained and it requires part of the succeeding alterna- 

tion to bring them back to normal before the condenser can be 

charged in the opposite direction. Thts lat¢iné of the dielectric 

electrons is often called "dielectric hystereses". The term "hy- 

steresis" means lag. 

11. ELECTROLYTIC CONDENSERS. There is another type of con- 

denser which is used extensively in all modern radio receiving 

sets. It is called the "electrolytic condenser". 

19 



When a metal rod, such as aluminum or tantalum, is placed in 
a suitable electrolyte', it is possible for current to flow from the 
metal to the electrolyte, but not in the reverse direction, when 
a voltage is impressed across them. This combination offers a low 
resistance to current flow in one direction and an exceedingly high 
resistance in the opposite direction. If the positive terminal of 
a direct voltage source is connected to the aluminum, and the neg- 
ative terminal to the metal container holding the electrolyte, as 
shown in Fig. 12, at first a current flows from the container through 
the electrolyte, to the aluminum, and back to the positive of the 
voltage source. In a short time, however, the aluminum rod be- 
comes coated with a thin layer of aluminum oxide or hydroxide. Over 
this solid layer athin gas film of oxygen is generated by the elec- 
trolytic action. The resistance of these two layers to the flow 
of current is very high and the current flow soon drops to a very 
low value. 

It should be observed that this combination has all the re- 
quirements of acondenser. There are two conductors, one the alum- 
inum rod, the other the electrolyte. They are separated by an in- 
sulator, which in this case is the aluminum oxide and the oxygen 
film. The thickness of these two films should be expressed in 
molecular dimensions rather than in a small decimal part of an inch. 
In the case of a condenser rated at 500 volts breakdown, the film 
is from .00001 to .000001 inch thick. The two conductors have very 
large surface areas, since every side of the aluminum electrode is 
in contact with the electrolyte. Also, the dielectric is of an ex- 
treme thinness. The capacity of a condenser is inversely propor- 
tional to the thickness of the dielectric; or the thinner the di- 
electric, the greater is the capacity of the condenser for plates 
of a given surface area. And so, it is evident that the capacity 
obtained per square inch of aluminum electrode is very high, espe- 
cially when sheet aluminum is used as the positive electrode of the 
condenser cell. It is, therefore, possible to construct an elec- 
trolytic condenser with a large capacity in a very compact form. 

The great difference in the thickness of this dielectric film 
as compared with the thickness of paper and mica dielectrics ac- 
counts for the much higher capacity obtainable for a given space 
with an electrolytic type of condenser. 

Aluminum is always used as the positive electrode in these 
condensers, while the electrolyte is usually a solution of borax 
and boracic acid. When the condenser is out of the circuit, there 
is a tendency for the gas film to dissolve in the electrolyte and 
form aluminum hydroxide in the solution. When a voltage is again 
placed across the condenser, a new film forms under the influence 
of the leakage current to replace that which dissolved. 

It should be noticed that electrolytic condensers have a de- 
finite polarity; that is, the aluminum electrode must always be 
connected to the positive terminal of the voltage source, while 
the can or container must be connected to the negative terminal. 

An electrolyte is any solution which will conduct electricity. 
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trode to Increase' Surface Area. 

Thus, it is evident that these condensers may lie used only with 
direct or pulsating direct current. If you were -tó connect an elec- 
trolytic condenser with the wrong polarity, a very high current would 
flow through the dielectric and the condenser effect would be lost. 

-The container which holds the electrolyte is ordinarily made 
of copper or some other metal with which the electrolyte does not 
react chemically, or which does not form a film. The electrolyte 
is.in direct contact with the inner surface of the container. 

The greater the surface area of the aluminum electrode, the 
greater is the capacity obtained. Many schemes have been devised 
for increasing this surface area. One of them is to wind sheet 
aluminum into a loose roll. Thus, the aluminum electrode has more 
sides or surfaces to contact the electrolyte. Another idea is to 
make the aluminum electrode hollow and to crimp or corrugate it, 
thus increasing its surface area. A condenser of this type is 
shown in Fig. 15. 

The aluminum electrode or anode' is supported by a hard rub- 
ber. cover; the stem of the anode protrudes through a tight fitting 
hole. in the cover and is threaded to receive terminal nuts -for the 
anode connection. To prevent leakage of the electrolyte around_ 
the anode stem, there is provided a rubber stem gasket. The cover 
also contains a soft rubber check valve having a needle hole. This 
'permits the escape of gases, but does not allow dust to miter the- 
cae or liquid to escape. 

It is usual to provide a perforated. shield of insulating ma- 
terial between the anode and the can to prevent accidental contact ' 

sad a short, circuit between them. 

The term 'anode' is used to describe the positive terminal of a. device. Thus 
the anode of an electrolytic condenser is the aluminum electrode; the anode of a vacuum 
tube is its plate; etc. 
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Compared to other types, electrolytic condensers have a rela- 
tively high leakage losss. The amount of leakage current is sever- 
al milliamperes for each 10 afd. of capacity when the applied volt- 
age is 300 volts. 

One advantage of the electrolytic condenser is that its di- 
electric is self -healing; that is, it suffers no permanent injury. 

when the applied voltage exceeds the breakdown voltage. If the 
applied voltage is too great, the dielectric fila is broken down. 
However, when the voltage returns to its normal value, the dielec- 
tric fila again forms on the electrode and .the condenser is as 

good as before. 
After an electrolytic condenser has been constructed, it must 

be "formed" before'it may be used in a circuit. This forming con- 

sists of depositing the dielectric fila on the aluminum electrode. 
A direct voltage is applied to the condenser for 8 or 10 hours 

and this causes the formation of the oxide and gas fila. The great- 
er the applied voltage, the thicker is the fila and, consequently, 

the lower the capacity. Most condensers are formed so as to have 

a breakdown voltage around 450 volts DC. It is, therefore, recom- 

mended that such units be operated at peak voltages not exceeding 
450 volts. 

It is essential that the temperature of the air surrounding 

the electrolytic condenser does not exceed 140 degrees F. Temper- 
atures higher than this cause as increased leakage current, result- 

ing in a reduced useful life. 
The type of condenser just discussed is known as the "wet" 

electrolytic condenser. In the last few years, "dry" electrolytic 
condensers have become popular. Those of you who have taken a dry 

cell apart know that it is not really -"dry". The electrolyte 
is not in Iiquid'fora, but is composed of a damp paste. This is 

also true óf the dry type electrolytic condenser. Its construction 
is shown in Fig. 14. The anode consists of a thin sheet of pure 

Negative Aluminum Electrode. 

1 , `Gauze Saturated 
.a }' :}. ` ;' < with Electrolyte 

. .'.. .. : _ -Aluminum Oxide - Oxygen. Film 

Positive Aluminum Electrode -1 
Fig.14 Cross-Section of 'Dry" Electrolytic Condenser.. 

aluminum on.the surface of which is formed afila of aluminum oxide 
and oxygen gas acting as the dielectric. Another aluainla',sheet on 
the opposite side serves merely as a convenient means of caking 
contact with the electrolyte, which is soaked up in the cotton gauze 
between them. A strip of this absorbent gauze is 'placed between 
the aluainui sheets mad is rolled up withrthea. The gauze is sat- 
urated with the electrolyte solution and holds it much as a sponge 
holds water: This roll is then wrapped in heavy paper. Two wires 
are -brought -out, one of which connects to the positive elusion" 
electrode on which the oxide film is formed, and the other to the 
aluminum electrode which conducts the current to the electrolyte. 
The positive terminal is- ordinarily a _wire with red insulation, 
while the negative terminal has black insulation. 
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Dry electrolytic Condensers have the advantage of being light= 
et" in. weight and less bulky then the wet type. However; iflthey 
are used in a receiver in a place where the temperature is allowed 
to rise fairly high, they will in time dry out, and their useful 
life is not as long as the wet type. An additional advantage is, 
of course, that there is no electrolyte' tobe spilled by jarring 
or vibration. - 

Electrolytic -condensers range incapacity from about.l.mfd. to 
20 mfd. 'or more for use with moderate voltages, and as -high as 
2,000 mfd. ,for use with lower. Voltages,, - 

- 12. CONDENSERS IN PARALLEL AND SERIES:.. When condensers are 
connected -in parallel, the effect'is to increase the total surface' 
area oonnected to each side ofthe line. As an example, let us 
consider Fig. 15, which shows two condensers connected in parallel. 

c1 c, 

usM. 
r 

CL 

womb 4ri. 
ftl 

' F11.1.5 (A) Two Condensers with (e) One Condenser with Plate 
` Plate Areas of 10 Sq.in. Area of 20 ;qt la.; .Egdivalent 

- Each.Connected in Peral- to Circuit í(AL. 
1-,` lel. 

i Each plate of the two condensers has a. surface area of 10 square ' 

inches. The total surface area connected to the positive "side of ' J the line is 20 square inches. Likewise,' the total surface area ` 

connected to the negative side. of the line is also 20 square inch 
es. Thus, the effect is the same as though one condenser, each of . 

whose plates has a surface area of 20 square inches, were connect- 
' 

, ed across the line as, shown at B in the -figure. If each of the 
condensers shown at A has a capacity of 1mfd., the total capacity ''- 
connected across the line is their sum, or 2 mfd. The total et, - 

festive capacity of condensers' connected in parallel is .equal to - "` 

- the sum of their individual capacities or: , 

- .q..P . Ct = C1 + C: + Cs, etc. 
fi 

- ' Ct"is the combined.capacities ofall the condensers iá -par- 

Where:. allel. 
C1, Ca, C3,'etc., are the individual capacities of the con- 

densers. , , 

Let us work ran example rising this, formula. Suppose three 
condensers are connected in parallel. The capacity of the first _ 

is .01 mfd.; the second,. .005 mfd.; and the third, .25 mfd. Their 
total capacity is: - - . . . 

Assume that the '.01.mfd.-condenser used in the example has a 
;. voltage breakdown of 200 volts, while the other two condensers have 

a voltage breakdown -of 600 volts. It is. evident that a voltage 
1 - 
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greater than 200'volts could not -be applied to the combination; 
else the .01 mfd.condenser would be broken down. Therefore, the 
voltage breakdown of condensers connected in parallel is equal to 

that of the condenser havingthe lowest voltage breakdown. 
Connecting condensers in parallel increases the total affec- 

ttue capacity, but tt' decreases the capactttue reactance of the 

circuit. For example, the capacitive reactance of each of the two 
1 mfd condensers of A, Fig. 15, at a frequency of 120 cycles, is 

1,327 ohms. The' capacitive.reactance of the equivalent circuit B, 
Fig. 15, at the same frequency, is the capacitive reactance. of 'a 

2 mfd. condenser, which is 663 ohms. 
When condensers are. connected in series, the effect,'is to in- 

crease the total dielectric thickness. As an example, consider A 
in. Fig. 16, which ,shows two, condensers connected in series. Assume 

.»l" .eos" 

Ct a 
f'ig.16 (A) Two Condensers with (B) One Condenser with Dielec- 

Dielectric Thickness of tric Thickness of .002 inch¡ 
001 inch each, Connected Equivalent to'Ci'rcuit (A). 

, in Series. 

that each condenser has -the same capacity; and that the surface 
area of the plates -of one condenser is equal to that of the other. 

The total thickness of the dielectric between the positive and the 
negative sides of the line is.002 inch, since the dielectric thick- 
ness of each condenser is .001 inch. This circuit, therefore; is 

equivalent to one which, contains one condenser of the same -size 

plates with a dielectric thickness of .002 inch, as shown at B in 

the figure. By placing'the condensers in series,'the total dielec- 

tric thickness has been increased; therefore, the total effective 

capacity must have been reduced. If'the capacity of C1 and C. are 
each 1 mfd., the capacity of the. equivalent condenser Ct, as shown 
at B in the diagram, is .5 mfd. When the circuit shown at A is 

connected to a direct voltage source with the polarity indicated 

in the diagram, electrons flow from the left plate of C1 toward 

the positive terminal of the voltage source, which makes this plate 
positive. At the same time, electrons flbw from the negative ter- 

minal of the source toward the right plate of Ca, thereby charg- 

ing this plate negatively. The negative charge on the right plate 

ofC: drives an equal. number of electrons, fro. the left plate of 

C: toward the right plate of Cl. This charges the left plate of 

C: positively and the right. plate of C: negatively. Thus, both 

left plates are charged positively and both right plates negative- 

ly. The two. inner plates do not add to the total capacity in any 

way, since the charges produced on them- is electrically opposite 

and, therefore, neutralize each other. . - 1 
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The general rule which applies to condensers connected in 
series is: the total capacity of the combination to lesá than the 
lowest capacity in the combination. If the condensers so.connect- 
ed are all of equal capacities, the total capacity of the circuit 
is equal to the capacity of any one of the condensers divided by 
the total number of condensers so connected; that is, if three 1 
mfd. condensers are connected in series, the total capacity of the 
circuit is }add. Or, if four 4 afd. condensers are connected in 
series, the total capacity is the capacity of one .of them (4), di- 
vided by the total number of condensers so connected (4), which is 
* or 1.. Therefore, the total capacity of this circuit is 1 mfd. 

Since the total dielectric thickness is increased when conden- 
sers are connected in series, the combination will stand & greater 
voltage than any one of the condensers connected .by itself would 
stand. For example, if'two 1 mfd. condensers withia voltage break- 
down. of 400 volts each are connected in series, the combination 
has -a voltage breakdown of 800 volts. 

' When condensers of unequal capacity are connected in series, 
the total capacity of the circuit can be found by using the in- 
verse formula. This formula is the same -as the one used for cal- 
culating the effective resistance of resistors connected in parallel. 
(Also for parallel inductors.) This,foraula is as follows: 

Ct = 1 y+ _ t. 
C 

.. 
_. 

Ct is the total effective capacity. 
Where: C1, Cs, Cs, etc., are the individual capacities. 'r ' n' . 

'If' three condensers having''cepacities of ̀ 2, 3, and 4 mfd?,; 
respectively, are connected in series, the total effective capacity 

,can be found by this formula. (It is not necessary tti convert 
these capacities into farads to use this' formula.) 

; 

1 . 

. . 

at -..~ . 

Gt1++-._ 
, 

.- .A,., . 
1r' 

1 
¡.y 

. 

,' = 

I = 
. 

rr. .-. . 1 

. 

1 

. f .14 + 
_' "' - = t A 

> `,: _ '' ,r.'1 . - 

_ .I- r..1 . 
- 

1. :. :4.7. C 

. 
1 

. 

d .N 

_ +I or .923 mfd. 

F L. 
Notice that the total capacity is less than tbecápaeity of`auy of 
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the condensers connected in -the circuit. If -a condenser of a par- 
ticular capacity and voltage breakdown is needed in a circuit and 
that condenser is not available, it'can sometimes be built up from 
condensers with a lower voltage breakdown. For example, let us 
assume that a condenser of 1 mfd. with avoltage breakdown of 1,000 
volts is needed but is not on hand. There is, however, a plentiful 
supply of 1 mfd. condensers with a voltage breakdown of 500 volts 
available. Let us connect two of these condensers in series as 
shown at A in. Fig.17.- The total capacity of this circuit is .5 

1000V 
.5 mfd. 

500V I._ 

soot/ . 7 
. 

Fig.17 (A), Two 1 mfd. Condens- (a) Four i.mfd. Condensers in 
ers in Series Having an -"Series-Parallel, Arrangement 
Equivalent Capacity of , Having An Equivalent Capacity 
S mfd, and a Voltage of 1 mfd. and a Voltage Break- 

Braakdown of 1000 Volts. down of 1000 volts. 

mfd. and its breakdown voltage is -1.000 volts. Now assume that 
two more of these condensers. are,00nnected in series and placed. 
across the line as shown at B in the figure. The combined capacity 
of condensers A and B is .5 mfd. These are in parallel with the 
combination C and D, which also have a capacity of .5 mfd. The 
total capacity across the line is, .therefore, 1 mfd. with a voltage 
breakdown of 1,000 molts. Notice that each condenser has not. more 
than 500 volts across it. 

Connecting condensers in. series reduces the total effective 
capacity of the circuit, but increases the total capacitive reac- 
tance. For example, each of the two 1 mfd. condensers of Fig. 16 

at A have a capacitive reactance at 120 cycles of 1,327 ohms. The 
total effective capacity of this circuit is .5 mfd.; which has a 
capacitive reactance at this frequency of 2,654. The total capaci- 
tive reactance of condensers connected in series may be found by 
calculating the total capacity of the circuit using the inverse 
formula, and then calculating the capacitive reactance of this total 
capacity. It can also be determined by calculating the capacitive 
reactance of each of the condensers connected in series and then 
taking the sum of all these capacitive reactances to find the- total 
of the circuit. 

In a previous example there were three condensers with capaci- 
ties of 2, 3, and 4 mfd., respectively, connected in series.. The 
total effective capacity'of the circuit found by the inverse for- 
mula was .923 mfd. At a frequency of 120 cycles, the total capaci- 
tive reactance is: 

500V 
C 

XCt = 

t 
500V 

1. Mfd: 

1000V 
1 Mfd. 

. 

1 Mfd., 

SoovT e 

lI 

6.28 x 120 x .000000923 
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I' Now let us "calculate the capacitive reactance of each ' of -these 
three oondensere separately. They are found to be 663 ohms, 442 
ohms, and 332 ohms for the 2, 3, and 4 mfd. condensers, respective- 
ly. The sus of these capacitive reactances is: 

' 

t 

663 + 442 + 332o a 1,437 ohms. ' 

ii 

And,so it is seen that either method may be used to determine the 
total capacitive reactance of the circuit. Let us connect a 1 mfd. 
condenser in series with a 2 mfd. condenser and then place an al- 
ternating voltage of 100 volts, 60 cycles, across the combination. 
This circuit is shown in Fig. 18'.- -Which-condenser will have the 

cig.ie illustrating the volt= 
'age Drop Across Two Condensers 
of unequal Capacity Connected in 

. Series. 

larger voltage drop across it? From the table in Fig. 11, it is 
found that the capacitive reactance of a 1 fd: condenser at 60 
cycles is 2,654 ohms, while that of a 2 mfd. condenser is 1,327 ohms. - 
The total capacitive reactance connected across the line is: 

i' 
2,654 *11,327 '' º 3,981 ohms 

From -the formula I-= 'E + ñc', the "current which flows can be caiéu 
lated. 

I ' = tit , _. .025 '25 ma. ' , , '' . 

To .find the voltage drop across each condenser, the formula E = I1c' 

is,nsed.,;'Thus, the voltage drop across the 2 mfd.-condenser is: = 1- 

'' - 025 x 1,327 33:2'yolts 

And -the voltage ,drop across, the 1 mfd. condenser is: , ' ' ' 
u í 

E _ .025 >1,2.654'. __ 66.4 volts 

=The preceding example shows that when two condensers, of inequal 
capacity are connected in series end placed across an alternating 
voltage source, the condenser of smaller capacity has the greater 
voltage drop across it, since ,this condenser has the larger capaci- 
tive reactance. 

V 

When a direct voltage source is applied'to two 'or more con- 
densers connected in series, the voltage drop across each condenser 
depends not upon the capacity of the condenser as mach as it does . 

upon the leakage resistance of its dielectric. For example, sauupp-- 

,,.''; pose that two 1 mfd. condensers are connected in series. The leek- 
-age resistance of the first is 50 megohms, and the second is 200 ', 

,megohms. The total resistance of the circuit is:. 1', 

200 + 50 = 250. megohms 
_ 

- 
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The potential of the direct voltage source-- applied to the combine- - 

tion is 250 volts. To find the amount'of direct- current that flows, 
use Ohm's Law. 

- G 
. 

I = R 
t50. It11 

t 

ts 
1 I' I 

r.' = .000001 eaperé 

-1 -. . .1'111 t' , _ - 1 microampere ' t , , t . # 

r 

This 1 micróampere,..in flowing through thé leakage, resistance b'f" 
50 megohms, produces a -voltage drop of: 

Am; 

.. 

xR' 

.000001'x 50,000,000' 

- ' - - a ` 5o volts 

Likewise, the voltagedrop across -the 200 áegohms is: _ 

. . ;a . ,c. ` _ 

' ri. i . . -- E -c I x 
1- "i .i -.'lj 

_ .000001_x 200,000,000 ' 

i t - . 
200 volts _' 

If the vóltage breakdown of"each condenser is 150 volts, it 
would naturally be ísssumed that the combination would withstand a 
potential of 300 volts. It is seen, however, that when the applied 

,' voltage is only 250 volts, there is a 200 -volt drop -across one con- 
denser. Since the voltage breakdown of this condenser is exceeded, 
it breaks down, thus applying the full 250 volts across the other 
condenser which also breaks down. 

To eliminate this possibility, it is customary to place re- 
sistors of k to 1 megohm across each condenser connected in series 

- when a direct voltage is to be applied to the combination. This - 
is illustrated in Fig. 19. These resistors are- known as equalizing 

- resistors, since they tend to, keep the voltage drop across anyone 

Equalizing Fig.19 Illustrating Condensers in Series 
Resistors Across a DC Voltage with Equalizing Resist .' 

ors. i 

of the condensers equal to that across any of the others. If the 
condensers are to be connected to an AC source, these resistors are 
unnecessary. Only condensers of equal capacity _are ordinarily con- 
nected in series: - 
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13. CONSTRUCTION OF MICA AND PAPER CONDENSERS. Condensers 
with a breakdown voltage as high as 5,000 volts and with capacities 
ranging from .00005 to .05 microfarad commonly employ mica as the 
dielectric. Mica has a relatively high dielectric constant and a 
high breakdown voltage. If the condenser is to withstand only 
moderate voltages, a very thin piece of mica may be used for the 
dielectric. Thus, for a given capacity the surface area of the 
plates need not be very large and the condenser is ver' compact. 
The plates of the condenser are made of tinfoil. The layers of 
mica and tinfoil are arranged as shown in Fig. 20. Alternate lay- 

Fig.20 Cross -Section of Mica Condenser. 
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ers of tinfoil are connected together to form one plate of the con- 
denser. The other layers of tinfoil are connected together on the 
opposite side to form the other plate and are brought out to a sep- 
arate terminal. The unit is then bolted in a hakelite casing to 
keen out moisture and prevent a variation in capacity with ape. 
Since mica cannot be rolled, the capacities larger than .05 mfd. 
are not practical, because they are not compact. 

Condensers using paper as the dielectric are made in capacities 
ranging from .0001 to several microfarads. Paper does not have as 
high a dielectric constant as mica, nor is its voltage breakdown 
as great. Therefore, to withstand the same amount of voltage, a 

condenser would need a greater thickness of paper than it would of 
mica. Since the thickness of the dielectric must be greater, the 
plates must have considerably more surface area to produce the same 
capacity. 

Paper condensers are manufactured by automatic machines. The 
tinfoil, as well as the paper for the dielectric, is supplied to 
the machine in large narrow rolls. The nachine uses two rolls of 
tinfoil and two or more rolls of paper. The ends of the tinfoil 
strips are placed alternately between the ends of the paper strips, 
and the machine automatically rolls up the combination until a suf- 
ficient plate area has been reached to give the desired capacity. 
This is illustrated in Fig. 21. A flexible metal soldering tab is 

Fig.21 Method of Construction 
of Paper Condensers. 
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fastened' to each tinfóil plate' for connection -purposes. The con- 
denser must now be impregnáted. This consists of pumping all of 
the air out of''the empty spaces and completely filling them with 
paraffin.. This results in an increase in the breakdown voltage 
and also prevents moisture from entering the condenser during its 
normal life. 

After the condensers have been impregnated, they are sealed 
in cardboard or metal containers which protect them from moisture 
or mechanical injury.' The voltage which a piece of paper will 
stand depends not only upon its thickness, but upon the grade of 
paper used. Paper condensers usually have two or more sheets of 
very thin paper between the sheets of tinfoil rather than just one 
sheet of paper of_the desired thickness: This is due to the fact 

that a -sheet of paper has microscopic pinholes in it which might 
cause a voltage breakdown. By using severalsheets of the paper, 
this difficulty 'is eliminated, since it is unlikely that the pin- 
boles in the several sheets will be in line. 

Suppose that a condenser having a capacity of 2 mfd. and a 

voltage breakdown rating of 1,000 volts is to be constructed. In 

order for the dielectric to stand 1,000 volts, it must be rather 

thick. With a thick dielectric, the plates must have a very large 
surface área to produce a capacity of 2 mfd.' This results in a 
very bulky condenser and, of course, increases the manufacturing 
cost.' For example, a 1 mfd.'paper condenser with a voltage break- 

down of 400 volts costs in the neighbórhood of fifty cents, while 

l'mfd. paper condenser built to withstand 5,000 volts costs ap- 
proximately fortydollars,' 

'Paper condensers many be wound iq two different ways; inductive- 

ly'or non -inductively. In the inductive type of winding, the foil 

used is narrower than the paper and contact is made to the foil 

plates by brass or copper strips inserted into the winding at one 
end as shown at A in Fig. 22. Each strip makes contact with its 
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Fig..22 (A). Inductive Condenser. (B) Non-Inductive Condenser. 

.foil plate at only one point. Since some of thefoil plates may 
be as long as 50 feet ór more, it is obvious that the current must 

enter the plate from one end and flow around the many turns of tin- 
foil in order to distribute the charge over the entire. plate sur- 
face. It may be seen that this is practically the same as sending 
the current in and out of á coil of wire; therefore, this type of 

condenser will possess considerable inductance. 
The:non-inductive type of condenser is wound with foil that 

is usually the same width as the paper. The winding is staggered 
so that a condenser plate is visible from each end as shown at B 
in Fig. 22. When the condenser is rolled up; one plate will pro - 
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tnide from one end of the roll, and the other plate from the opposite 
end. Each terminal consists of a flexible lead joined to a meta] 
strip soldered to the entire edge of the foil extending across the 
end. Thus, each terminal makes contact with each turn of the foil 
and causes the condenser to be non -inductive since the current en- 
ters each turn of the coil and is not required to flow around and 
around in order to distribute the charge. This method of construc- 
tion short-circuits every"turn" in the condenser. All modern paper - 
type condensers are wound non -inductively. 

It is common practice to construct several condensers in the 
same case. In this arrangement, a single terminal is connected to 
one plate of each condenser. This is called the common terminal. 
The other plates of the condensers are hrcught out to separate ter- 
minals. Thus, to use any particular condenser, one connection is 

made to the common terminal and the other to that terminal connect- 
ed to the other plate of the condenser. 

Such an arrangement is known as a condenser bank or condenser 
block. An illustration of and a symbol for a condenser bank are 
shown in Fig. 23. 

l l Ir éa + l o q L ICCommon 
Terminal 

Fig.23 (A) View of Condense- Bank. (8) Symbol for Condenser Bank. 

14. CONSTRUCTION OF VARIABLE CONDENSERS. Variable conden- 
sers usually employ air as the dielectric. Variation is made con- 
tinuous from the minimum capacity of the condenser to its maximum 
capacity. Fig. 24 shows the construction of a variable condenser, 

Fig.24 Illustrating 
Parts of a variable Con- 
denser. 

Rear End -Plate 

Contact Spring 

Stator 
Plates 

Stator 
Terminal`s 

Supporting 
Insulation Strip 

Rotor Plates 

Spacer Rod 

Shaft 

Front 
End -Plate 

the various parts being clearly marked. A variable condenser con- 
sists of one set of metal plates which are stationary and are known 
as the stator plates, and another set of metal plates connected 
to a rotating shaft in such a manner that the rotating plates (call- 
ed the rotor) may be moved in to and out of the spaces between the 
stator plates without touching them. When the plates are complete - 
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ly enmeshed', the' Hill areas 'of the, plates are exxppoosseed to each other 
and a maximum capacity exists. When they are completely' out ofnesh, 
a minimum capacity exists, and. it is possible to obtain any inter- 
mediate capacity by intermeshing the plates the required amount. 
The plates are made of thin, hard brass or aluminum, stamped out 

on punch presses. Brassplates have the advantage of being easily 
solderedto the rotor shaft or stator block for good electrical 

connection,'and of requiring less thickness of' a plate for the 
proper stiffness. Brass is subject to corrosion,'and_if the plates 
are -to be made of this material, they must be given -a coat of lac- 
quer..-. Aluminum, on the other hand, .is lighter in weight and not 

as subject to corrosion. Soldering to aluminum, however, is much 
more difficult. The stator plates- are wedged into grooves cut on 

the stator support block. - The.blocks are fastened to two, small 

strips of hard rubber or bakelite, which in turn are fastened to 
the metal frame. The bakelite strips serve to iisulate the stator 

assembly from the rotor. The rotor plates are wedged, into' accurate- 

ly cut grooves on the rotor shaft. This shaft turns yin bearings 

set into the end plates. Care mast be taken that the rotor plates 

do not at any point -4f their rotation make contact with the stator 
plates, for this would result in a short circuit. Contact is made 

to the rotor plates by means of a contact spring fastened to one 

of the end plates', as shown at A in Fig. 25. The other end of the 

Pigtail 

Contact 
Spring 

Fig.25 (A) Ua(ñg a Contact Spring to Make Connection to the, Rotor 
of a Variable Condenser. 

('S).Usinq a Pigtail to Connect to the Rotor.. 

spring rests, firmly upon one.end of the rotor shaft. Another ., 

method, illustrated at B'in Fig. 25, is to use. .a pigtail, a con- 

ductor made of braided,_ flexible copper wire. One endof this pig- 
tail is soldered tó an'end plate and the other is wrapped. half way 

. around the rotor shaft'and soldered.to this shaft. The pigtail . 

mnst.be long enough so that the rotation of the rotor plates does 

not place any tension upon the pigtail. Also, stops mast be pro- . 

vided so that the rotor plates cannot be rotated through more than. 

180 degrees. . . '.. 
The spacing between 'a rotor plate and a stator plate is de-, 

pendent. upon the voltage the condenser is. required to withstand. 

Thus, to withstand.a voltage of 12,000 volts, the distance between 

one rotor plate, and the. adjacent stator plate mast be .5'inch. 

Such a condenser. would be.nsed in a very high-powered transmitter.. 
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In a receiver where the voltages are orcinarily low, the spacing 
between adjacent plates is small. However, enough mechanical clear- 
ance must be left so that the rotor plates will not touch or scrape 
against the stator plates if they should become slightly bent out 
of shape. 

Variable air condensers are manufactured in a wide variety of 
capacities ranging from 3 or 4 mmfd. to 500 mmfd. or higher. 

Another type of variable condenser consists of two small sheets 
of spring brass separated by a piece of mica (see Fig. 5A). The 

two sheets of brass and the mica are firmly fixed on one side. An 

insulated screw extends through tie center of the brass and mica. 
When the screw is turned to the right, the sheets of spring brass 
are forced closer together, thus increasing the capacity of. the 
condenser. When the screw is turned to tie left, not so much ten- 
sion is put upon the sheets of brass and tiey spring apart of their 
own accord, thereby reducing the capacit}. Such condensers were 
used for neutralizing in some of the older -type neutrodyne re- 

ceivers. They are called trimmer or padding condensers and are 
used extensively in modern receivers to align the various circuits 
to the same freqiency. 

Variable air condensers are also made in what is known as con- 
denser gangs. Several variable condensers are placed in the same 

frame and the rotor plates of all of them are joined to a common 
shaft. The rotor plates of all the condensers are, o' course, con- 
nected together, while separate terminals are provided for each 
set of stator plates. The symbol for a condenser gang is shown in 

Fig. 26. The dotted lines indicate that ail of these condensers 
are varied by a common control. As many as six condensers are 

sometimes ganged together by this method. Fig. 27 shows an illus- 
tration of a two -gang condenser. 

I, 
I jir je,' Stator 

to' 
Fi9.26 Symbol for Tnree- 

Section Ganged Condensers. 
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Fig.27 View of Two -Section 
Ganged Condensers. 
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Notes 
(These extra pates are provided for your use in taklnt special notes) 
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THOMAS ALVA EDISON (CONTINUED) 
and he fought his way to success! 

After the development of a device that made it possible 
to employ a single submarine cable for two circuits, Edison 
opened a small workshop so that he could continue his experi- 
ments with electricity. To further his knowledge, he bought 
all of Faraday's works on electricity, spent much time in 
second-hand book shops and the public library and became so 
fired with enthusiasm and ambition that he devoted but little 
time to eating and sleep. In 1869, he took out his first pat- 
ent for an electrical voting machine, but his hopes were 
doomed to disappointment, for the Massachusetts'Legislature 
failed to adopt it. However, he did not become discouraged, 
but continued his grim, yet fascinating, search for new elec- 
trical discoveries. 

Even though Edison was devoted to study and serious 
thought, amusing incidents found their way into his life. On 
one occasion, he was invited to deliver an address on tele- 
graphy before an academy. When the appointed hour arrived, 
he was nowhere to be found. Dilligent search revealed that 
he was dressed in his working clothes and putting telegraph wires on the top of a house. Hurrying to the academy without 
changing clothes, he was astonished to discover that instead 
cf a group of boys, his audience was composed of young ladies 
dressed in beautiful clothes. 

In 1869, Edison tired of telegraph operating, quit his 
job and went to New York. Although his mind was full of 
plans for new inventions, his pocketbook and stomach were 
empty. How easy it would have been for him to 'give up' and 
say, 'Oh, what's the use.' And how fortunate for civiliza- 
tion that he did not do this, for if he had, we might be without many of the electrical conveniences that we enjoy to- 
day. When things looked darkest for Edison, fate intervened 
with startling abruptness. He happened into a broker's re- 
porting office at a most opportune time. The stock Quotation 
printer had broken down and several hundred brokerage offices were without service. Edison was asked if he could repair the printer. He tackled the job, repaired the printer, re- 
stored the vital service and the dark clouds of destitution 
rolled away. Edison was offered the position of service man- 
ager at a salary of $300.00 a month. 

But this was only the beginning. He invented several stock Quotation printers and other devices, and was asked what he would accept for these inventions: He said that he did not know what they were worth. When he was offered the sum of $40,000.00, his astonishment was tremendous. Thomas Alva Edison's determination to 'stick' when things were black- est had started him on the high road to fame, fortune and world-wide acclaim. 

Let this incident in Edison's life be an inspiration to 
you. Remember, 'when life seems dark and gloomy and discour- agement blocks the way, a little more fight on your part can bring you to the success that lies just ahead'! 

Copyright 1942 
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Schools. Inc. 
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Lesson Twelve 

VACUUM TUBE 
CHARACTERISTICS 

1 

i 

"During your study of Radio 
and Television, I do not believe that 
you will find any subject of greater in- 

terest than the study of vacuum tubes. As 
you progress with your training, you will encounter a great many 
interesting uses for this delicate and amazing device. 

"In this lesson, you will learn the construction and funda- 
mental operation of a vacuum tube, as well as one of its most im- 
portant commercial applications amplification. Study thisles- 
son well, for much of your advanced training will be based upon 
the following pages." 

1. CONSTRUCTION OF VACUUM TUBES. The study of a vacuum tube 

is greatly enhanced and made more interesting if the construction 
of the device is understood. Whereas our modern vacuum tube rep- 

resents the ultimate in engineering precision and years of pains- 
taking research, the actual physical construction of a vacuum tube 
isn't difficult to understand. At the present time, there are about 

350 different types of vacuum tubes on the market, which are used 

in the construction of radio receivers. A rough estimate cf approx- 

imately 150 tubes would comprise those used in the construction of 

radio transmitters. in addition to those tubes used for radio pur- 

poses only, there are several hundred varieties which are applicable 
to television, telephone, AC power control, DC power control and 
photoelectric relay services. 

Each of the hundreds of different vacuum tubes available on 

the market are constructed differently; hence, they possess differ- 

ent characteristics relative to internal resistance, amplifying a- 
bility, power handling capacity, etc. These different characteris- 

tics make it possible to select exactly the type of tube necessary 

to perform a particular job. A design engineer always selects the 

type of tubes he is going to use in the receiver or transmitter 
which he is designing, then proceeds to arrange the connecting cir- 

cuits between these tubes in such amanner as to secure the maximum 
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performance from each of them. When a certain job is to be per- 

formed and it is found that there is no tube available which is 

capable of performing that job, then, generally, the tube manufac- 

turers are notified and they in turn set their engineers to work on 

the design of a new tube which will meet with the specified require- 

ments. Therein, a new vacuum tube is born, which possesses differ- 

ent characteristics from all of those preceding it and one which is 

capable of accomplishing a certain job which no other tube on the 

market was capable of doing. Nearly all of the vacuum tubes avail- 

able at the present time have been introduced to the industry in 

this manner. Of course, this same system will be effective in 

yielding new tubes in the future. 
Considering the hundreds of tubes available at the present time 

and realizing that there will be any number of newer tubes intro- 

duced in the next few years we realize that it is virtually impos- 

sible for any one individual to know the exact characteristics and 

the use for each type of tube. The well-informed Radio -Television 

engineer, however, should have a good foundational knowledge of the 

characteristics of those vacuba tubes which are used in the more 

common radio and television receiver and transmitter circuits. The 

tube manuals supplied by manufacturers of receiving and transmitting 

tubes make it possible for the engineer to have complete data of 

all tubes on hand, which ran be used for quick reference. Even 

though this information is available in reference form, a general 

knowledge of vacuum tube characteristics is very essential when at- 
tempting to understand the design of a radio or television circuit. 

Whereas the electrical characteristics of vacuum tubes differ 

in all cases, the general physical construction follows along simi- 

lar lines. The student should become acquainted with the method 

generally followed in constructing a typical glass vacuum tube. A 

type 58 pentode tube has been selected for this purpose. A pentode 

vacuum tube is one which possesses three grids; namely, the control 

grid, the screen grid and the suppressor grid. These grids are in 

addition to the heater, cathode and plate. We shall not attempt to 

explain the electrical function of a pentode tube at this.time. It 

is being used merely as an example for the method of manufacturing 

a typical glass tube. 

Referring to Fig. 1, the glass tube shown at A serves as the 

main support for the elements. At B, this same glass tube is shown 

after it has been partially molded. The supporting posts, the lead- 

in wires and the long glass tube are shown separated from, the glass 

support at C; at D, they are shown assembled. The supporting glass 

tube is heated, then the supporting posts and lead-in wires are in- 
serted through the supporting tube. A small hole is drilled through 
the supporting glass tube, then the long, thin glass tube shown at 

the bottom in C is fused into this hole. The top of the thin tube 

is left open. While the supporting glass tube is still hot, it is 

pressed together at the top. After cooling, all of these wires are 
very securely held in the molded glass. 

The long, thin, glass tube which extends down below the lead- 

in wires at D is hollow and open at both ends. Later in the proc- 

ess, air will be pumped from the inside of the glass envelope by 

means of this tube. At E in Fig. 1, the supporting wires have been 
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cut and bent to the proper shape so as to hold the elements of the 
tube in their proper positions. At F, the small pieces of insulat- 
ing material to be used in the assembly of the tube are shown. 
These small insulators assist in holding the elements in their prop- 
er positions and, at the same time, prevent electrical contact. At 
G (from bottom to top), the heater wires, the cathode, grid number 

Fig.i various parts ano assembly of a type 58 tube. 

one, grid number two, grid number three and the plate are shown. 
After the small insulators and elements have been placed in their 
proper positions and securely welded, the appearance of the tube is 
as shown at H. A small, metal cup (not shown) is attached to one 
of the supporting wires and the cup is filled with a chemical called 
the "getter". This "getter" will be used for a particular purpose 
later in the construction of the tube. The getter's cup is general- 
ly welded to the wire which supports the plate of the tube. After 
the glass envelope has been placed over the assembled unit as shown 
at I, it is cut and fused to the bottom flange of the glass tube 
which supports the element. Great care must be taken in the glass 
sealing process, because, if not done in the proper manner, small 
cracks are very apt to result. The connection protruding through 
the top of the tube (grid number one connection) must also be sealed; 
then the only connection between the inside of the bulb and the out- 
side atmosphere is through the long, thin, hollow tube protruding 
from the bottom. 

Next, the inside of the glass envelope must be evacuated. It 
is necessary to pump out nearly all of the air and other gases in- 
side the space enclosed by the glass bulb and also to drive out any 
gases which might be contained in the metal elements themselves or 
the glass envelope. Even after a tube is thoroughly exhausted by 
means of a vacuum pump, it will give indications of the presence of 
gases which gradually come out of the interior parts. At. ordinary 
temperatures, these gases are released slowly; hence, the length of 
time necessary for complete evacuation of the bulb would be prohib- 
itive. In order to rapidly drive out all of the gases from the 
walls of the tube and from the elements, the entire tube is heated 
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to a high temperature during the process of exhaustion. When the 
desired degree of vacuum is obtained, the long, thin, glass tube 
protruding from the bottom is fused off and the tube is then per- 
manently sealed. 

To make certain that any gases which might be given out from 
the glass envelope and metal elements do not cause improper.opera- 
tion of the tube at some future time, the chemical in the "getter". 

cup is exploded. This is done by means ofahigh-frequency magnet- 
ic field. When the getter is exposed to the high -frequency field, 
the heat generated causes it to evaporate rapidly or explode. As 
the getter explodes, it condenses in a silvery film on the inside 
of the glass bulb. This film not only attracts the gases when they 
are released from the elements, but also tends to seal the gases in 
the walls of the tube itself. 

After the evacuation process and getter explosion, the glass 
bulb is cemented to an insulating base, at the bottom of which there 
are small, hollow, metal prongs. The lead-in wires' are passed 
through these prongs, then fastened to them by a drop of solder at 
the bottom of each prong. These prongs provide the external con- 
nections to the elements inside the tube. In the type 58 tube 
(which we are using as an example), a small metal cap is soldered 
to the wire protruding through the top of the glass bulb. This is 
the connection to grid number one. 

After the construction of the tube has been completed, it is 

necessary to put the tube through various factory tests and, in ad- 
dition, production samples must betaken out for a test of the tube's 
characteristics. When testing the characteristics, every electrical 
detail of the tube is accurately measured to assure along and use- 
ful life. 

Several views of tube manufacturing operations are shown in 
Figs. 2 t 7, inclusive. These are reproduced through the courtesy 
of the RCA Radiotron Manufacturing Company. 

A cut -away drawing showing the internal construction of a four - 
element tube and indicating the approximate dimensions of the var- 
ious components is shown in Fig. 8. Fig. 9 illustrates the struc- 
ture of an all -metal radio tube. A more thorough and detailed de- 
scription of the operation of metal radio tubes will be given in 
later lessons. 

2. CHARACTERISTIC CURVES. The electrical characteristics of 
a vacuum tube are in no way apparent from its external appearance. 
In other words, it is impossible to accurately determine the elec- 
trical characteristics of a tube by just looking at it. There are 
a few characteristics of a vacuum tube which can be estimated from 
its physical size, but these characteristics are of no importance 
at the present time. 

The performance of a vacuum tube to be used in Radio and Tele- 
vision may be conveniently studied by the use of "curves", which 

show its electrical characteristic properties. These are known as 
"characteristic curves". They may be secured from the tube manufac- 
turer or can be constructed from experimental data. 

Since the operation of a two -element vacuum tube is the easiest 
to understand, it is advisable that we should begin our study of 
characteristic curves, using a tube of this type. 
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Fig. 10 shows a two -element vacuum tube circuit with 180 volts 
applied to the plate of the tube and a mi11i,unmeter in series with 
the plate lead to measure the plate current. The negative side of 
the B battery (180 volts) is connected to the negative side of the 
filament, thus completing the plate circuit. The rheostat. R is in 

series with the positive lead to the filament of the tube; hence, 
an adjustment of the rheostat will introduce more or less resistance 
in the filament circuit, thus varying the filament current accord- 
ingly. A voltmeter is connected directly across the fi lament prongs 
in order to measure the voltage actually applied across the resis- 
tance of the filament wire. If all the resistance possessed by the 
rheostat R is introduced into the filament circuit, the voltage drop 
across the filament of the tube will be very low and, likewise, if 
all the resistance of the rheostat R is taken out of the filament 
circuit, the voltage across the filament prongs of the tube will be 
7 volts. By varying the position of the movable contact arm on the 
resistance R, it will be possible to change the voltage drop across 
the filament, of the tube from maximum (7 volts) to a very law value. 

Suppose that we have this circuit set up using the actual ap- 
paratus and proceed to obtain a collection of data from which we 
shall plot a "filament-voltage, plate -current" characteristic curve 
for this particular tube. 

To begin the compilation of data, suppose we first disconnect 
the wire which connects the movable arm on the rheostat to the pos- 
itive terminal of the 7 -volt battery. With this lead disconnected, 
there will be no current passing through the filament circuit; hence, 
there will be no electron emission from the filament and no plate 
current will flow. This gives the first pair of related values 
for the filament voltage and the plate current; that is, with zero 
filament voltage, we will have zero plate current. Replace the 
wire from the 7 -volt battery to the movable arm on the rheostat, 
then insert sufficient resistance by moving the arm on the rheo- 
stat to the left until the voltmeter connected across tfie fila- 
ment prongs measures .5 volt. With .5 volt applied across the re- 
sistance of the filament wire, there will be a slight current flow 
through the filament wire, raising its temperature slightly and 
resulting in a very weak emission of electrons. Since there are 
180 volts applied to the plate of the tube, a few of the sparsely 
emitted electrons frurn the filament wire will be attracted to it. 
We shall assume that there is a sufficient number of electrons 
reaching the plate tu constitute .5 milliampere of plate current 
flow. This amount of current will barely show an indication on 
the milliammeter in the plate circuit. These two values ?ive the 
second pair of figures to be tabulated; that is, with .5 volt ap- 
pl ied to the filament, there is .5 ma. of' current flowing in the 
plate circuit. 

Next, suppose the variable arm of the rheostat R is Roved to 
the right until the voltmeter connected across the filament prongs 
reads 1 volt. With this additional voltage applied across the fila- 
ment, there will be a greater current passing through the filament, 
raising the temperature of the filament to a higher degree and caus- 
ing more electron emission. With the increased emission, the 180 
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Fig.2 Carbonizing interior 
walls of glass bulbs --This 
machine places a band of car - 
Don dust within the bulb, then 
neatly cleans the top and.bot- 
tom section of the bulb. 

di. 

Fig.3 Gauging bulbs -- 
Uniform bulb dimensions 
are essential for making 
quality tubes with mod- 
ern high -Speed equipment. 

Fig.0 Winding grids--Grid- 
winding machines automatically 
wind the Co'rect number of 
turns for each grid. 



Fig.5 Gauging grids -- 
Inside and outside diam- 
eters are measured to 
0.001 inch. 

Fig.6 Assembling 
tube mounts --All met- 
al connections are 
welded to insure high 
electrical conduct- 
ivity and sturdy con- 
struction. 

Fig.7 Sealing, exhaust- 
ing. ano basing process -- 
This highly -involved man- 
ufacturing unit completes 
the operations of tube 
assembly. 
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volts applied to the plate is capable of pulling more electrons over 
to it and, let us say, the milliammeter in the plate circuit is read- 
ing 1 ma. These two values give the next pair of points to be tab- 
ulated; that is, 1 volt filament voltage causes 1 ma. of plate cur- 
rent flow. Continuing, decrease the resistance of the rheostat un- 
til there is 1.5 volts across the filament; there will then be 2 ma. 
of plate current flowing. With 2 volts across the filament, there 
will be 4 ma. of plate current flowing, etc. The tabular chart'on 
the right side of Fig. 10 shows the relative filament voltage and 
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Fig.8 Cutaway view of 
a four-element glass tube 
showing internal Construc- 
tion. 

Courtesy of 
RCA Mfg. Co. 

plate current values in steps of .5 volt up to the maximum voltage 
of the filament battery, which is 7 volts in this case. Bear in 
mind that all of these values are being determined experimentally; 
that is, the apparatus is actually set up and atest is made on the 
tube by the use of accurate measuring instruments. 

After securing the collection of data experimentally, the next 
step is to plot the data on a graph. The graph is shown in Fig. 11. 
In a previous lesson, you were taught how to plot points on a graph, 
so that information will not be repeated at this time. By inspect- 
ing the graph in Fig. 11, you will notice that the various points 
coincide exactly with the tabulated data. Since this curve illus- 
trates the relationship between the filament voltage and the plate 
current for this particular type of tube, it is commonly called a 
"filament-voltage, plate. -current characteristic curve". 

There are a number of facts pertaining to the operation of 
this tube made evident from the graph. The collection of data alone 
is of little importance because it is not until these data are prop- 
erly placed in graphical form that it is possible to "picture" the 
operation of the tube. By inspecting the graph, it will be noticed 
that the plate current is relatively low until the filament voltage 
reaches about 2.5 volts. At that time, the plate current begins to 
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increase rather rapidly and does no inawearly straight line char- 
acteristic.' - After passirqz 5 volts, the relationship between the 
filament voltage and the plate current is no longer equivalent to 
a straight line (linear), but, rather, begins droppingoff slightly i 4 ' , ir. . .r " . ?! ef.. 
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as evidenced by the curvature of the characteristic at the upper 
end. Notice that Ti filament voltage increase from 6 to 7 volts re- 
sults in a plate current increase of only 3 ma., whereas down ón 
the straight portion of this characteristic curve, a filament volt- 
age increase from 4 volts to 5 volts results in a plate current in- 
crease of 17 ma. 
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The significance of this bend on the upper end of the charac- 
teristic is that it.is not advisable to apply a voltage higher then 

5 volts to the filament of the tube for continuous operation. In- 

creasing the filament voltage above this value does cause a slightly 

higher plate current to flow, but the increased plate current does 

not warrant the increased filament temperature which results from 

7V 180V 

EF IP 
0 0 
.5 .5 

1. 1. 
1.5 2. ' } 
2, a. 

2.5 p. 

3, tr.. 
3.5 22. 
a. 30. 
4.5 38. 
5. 47. 
5.5 52. 
6. 54. 
6.5 56. 
7. 57. 

Fig.10 Two-element tube circuit for collecting data to plot a 

filament-voltage, plate-current (Ef-lp) curve. 

the higher voltage. If the temperature of the filament is run ex- 

cessively high, as it would be with 6 or 7 volts applied to the fil- 
ament, the deterioration of the electron -emitting material on the 

filament occurs more rapidly than normal, resulting in decreased 

tube life. From the characteristic curve, it is evident that the 

most satisfactory voltage for continuous operation of the filament 

is 5 volts. 
As the next example, we shall use a vacuum tube which is avail- 

able on the commercial market. The selected tube is the type 01-A 

and we shall proceed to plot a characteristic curve of this tube 

showing the relationship between the filament voltage and plate cur- 

rent. By referring to the table of characteristics for a type 01-A 

tube, as given"in your tube manual, you will find that the speci- 
fied filament voltage for this tube is 5 volts; the filament cur- 

rent, .25 ampere; the plate voltage, 90 to 155 volts; etc. The cir- 

cuit to be used for obtaining the necessary data is shown in Fig. 

12. You will notice that the grid and plate of the type 01-A tube 

have been tied together, thus causing the tube to function as a 

diode, or two -element tube instead of a three -element tube. The 

plate voltage to be used for this experiment is 50 volts and the 

filament voltage may be increased to a maximum of 6 volts. 

A filament -voltage, plate -current curve is often called an 

"emission" characteristic curve. An emission characteristic curve 

is of great importance, especially for transmitter tubes. Trans- 

mitter engineers plot an emission curve when they desire to ascer- 

tain the condition of the filament in a tube which has been in ser - 
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vice for a number of hours. If the emission characteristic curve 
is found to be satisfactory, the tube will be placed back in the' 
radio or television transmitter and used until it is advisable to 
plot another emission characteristic curve on it. When the emis- 
sion characteristic curve indicates that the emission of the tube 
is below normal, the tube is discarded and a new one is inserted 
in its place. In view of its relative importance to transmitter 
tubes, this procedure should be remembered. 
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Referring to Fig. 12, we shall begin collecting data with no 
filament voltage applied. With no filament voltage applied, there 
will be no plate current flowing. Then, by closing the filament 
circuit and adjusting the position of the rheostat R until there 
is 1 volt across the filament of the tube, we find there is still 
no plate current flowing. A point should be placed' on the graph 
coinciding with 1 volt filament voltage and zero plate current. 
Next, by decreasing the size of the rheostat until the filament 
voltage is 1.5 volts, we find the plate current has begun to flow 
and has a value of 1 ma. Decreasing the filament rheostat until 

1 the filament voltage is 2 volts, allows 2 ma. of plate current to 
flow; 2.5 volts applied to the filament allows 2.8 ma. of plate 
current to flow; 3 volts applied to the filament allows 4 ma. of 
plate current to flow; etc. All of these figures are tabulated on 
the right of Fig. 12.. It will be noted that this circuit has a 
switch in the plate circuit. This switch is for the purpose of 
opening the plate circuit until the filament rheostat is set to the 
correct value; then, when a reading on the plate current milliam- 
'meter is desired, the switch in the plate circuit is closed, the 
.reading taken and the switch immediately opened. As you will notice, 
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the plate current which flows intbe plate circuit with the filament 
voltage of 5.5 volts is 65 ma., whereas the maximum plate current 
specified by the manufacturer (by referring to the tube manual) is 
found to be 3 ma. Overloading the tube in this manner for any per- 
iod of time is certain to damage the tube seriously. hhen obtain- 
ing experimental data for characteristic curves in this manner and 

01-a 

6v 

EF IP 
o 
1. 

o 

o 

1.5 1. 
2. 2. 
2.5 2.8 
3. u. 
3.5 8.5 
11. 15.8 
6.5 27. 
5. u7. 
Y.5 65. 

Fig.12 Circuit for plotting filament -voltage, plate -current (Ef 
-jp) curve on a type 01-a tube. 

it is desired to obtain points where an exceedingly high plate cur- 
rent will flow, a switct. should always be provided in the plate cir- 
cuit so as to allow a momentary reading to be taken. 

After collecting the experimental data, these points are plot- 
ted on a graph as shown in Fig. 13 and the points connected by a 
smooth line. Notice that the bottom of the characteristic is rather 
curved, but, after passing about 4 volts, it becomes nearly a straight 
line. The top of the characteristic does not bend to any great ex- 
tent. When the emission characteristic curve does not bénd over at 
top with high values of plate current, it indicates that the tube 
is in good condition insofar as the electron emission from the fil- 
ament is concerned. Suppose you were plotting this characteristic 
curve on a transmitter tube for the purpose of determining whether 
or not the tube should remain in use. Since the emission curve does 
not bend at the top, it indicates that the tube isin good condition 
and continued use of the tube is permissible. If, upon plotting 
the curve, you had found that the upper portion had deflected from 
the normal incline after passing 40 or 50 ma., it would have indi- 
cated that the emission characteristics of the tube were poor and 
that future use of that tube in the circuit is not advisable. 

These data and this characteristic curve represent an actual 
commercial tube. An equivalent characteristic curve could beplot- 
ted for any tube if the equipment were available. 

As previously stated, a filament -voltage, plate -current char- 
acteristic curve is for the purpose of determining whether or not 
the active material on the filament or cathode isin good condition. 
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3. PLATE -VOLTAGE, PLATE -CURRENT CHARACTERISTIC CURVES. Through- 
out the enti re course of study, plate-voltare, plate -current curves 
will be found very beneficial. üy use ofthese characteristic curves 
it is possible to determine whether or not a tube is capable of func- 
tioning properly as a certain type of aioplifier, detector, or gen- 
erator of high -frequency alternating currents. It i s a so possible 
to determine the "constants" of a tube which will be discussed later 
in this lesson. For these reasons, it is necessary to understand 
how this "picture" of the relationship between the plate voltage and 
the plate current is obtained. 

70 
MI 211111111111111.111-1 

60 
Fig 1 

Ef- p Curve 
50 01-A Tube 

Grid Tied to Plate 

EP = 50V 
e u0 

- 
n 30 

20 

IJ 

o 

r 

i a 
111111111 

1 

o 2 3 u 5 6 

Ef In Volts 

When collecting the data necessary for plotting a plate -volt- 
age, plate -current characteristic curve, a constant voltage is ap- 
plied to the filament (or heater) and the grid of the tube. The 
circuit shown in Fig. 14 has been selected to illustrate the method 
of collecting data for plotting a plate -voltage, plate -current char- 
acteristic curve on a type 112-A vacuum tube. In this circuit, the 
grid of the tube has been tied to the negative side of the filament, 
thus making the bias voltage zero. Before starting the collection 
of data, it is necessary to adjust the rheostat R in the filament 
circuit until the proper voltage is applied to the filament of the 
tube. By referring to the manufacturer's specifications, the rec- 
ommended filament voltage on this tube is found to be 5 volts. Con- 
nect a voltmeter across the filament prongs and adjust the rheostat 
until that voltage is obtained; then do not change the position of 
the rheostat thereafter. 

A 150 -volt clattery is being used as the plate voltage supply 
and a potentiometer is shown connected across the battery. The 
movable arm B on the potentiometer can be changed back and forth 
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across the resistance from A to C, thus changing thevoltage applied 
to the plate from zero to 150 volts. A voltmeter V is shown con- 
nected between the plate of the tube and the negative side of the 
filament to measure the plate voltage. 

First, set the movable arm B on the potentiometer at point ,A,' 
which connects the plate of the tube directly to. the negative side 
of the filament; hence, the plate voltage will be zero. The mil - 
liammeter in the plate circuit will be indicating no plate current, 
so the first values to record will be: plate voltage, 0; plate cur- 
rent, O. Next, move the arm B to the right until the voltmeter 

reads 25 volts of plate voltage. By reading the plate current mil- 
liammeter carefully, we find it. to be 1.25 ma. After tabulating 

EP I 

o o 
25 1.25 
50 5. 
75 9.8 
100 16. 
125 23.5 
150 31. 

Fig.ir Circuit for plotting plate-.voitage,"plate-current (Ep-Ip) 
curve on a type 112-A tube. _ _ 

these -readings the movable ara B on the potentiomete4 is moved to 
the right until the plate voltage_ meter is indicating 50 volts. By 
observing the plate current, we find it has increased to 5 ms.' Con-. J 
tinning to- increase the plate voltage in 25 -volt steps up to s asx- 
imam of 150 volts and making note'of the plate current flowing with 

1 

each plate voltage reading, the data listed in the chart on the f 

right side of Fig. 14 is obtained. 
The collection of data alone does not clearly indicate the re- 

i lationship between plate voltage and plate current, .so it is advis- 
able to plot these points on a graph. The graph shown in Fig. 15 

has these values plotted. As can be seen from the graph, the plate - 
voltage, plate -current characteristic curve of this tube has a slight 
bend at -the lower" end. After passing approximately 75 volts; the 

relationship between plate voltage and plate current becomes quite 
linear', as evidenced by the straightness of the characteristic from, T 

this voltage up to 150 volts. It is possible .to collect data at ( 

plate voltages higher than 150; however, whet the grid bias is zero,. 
# 

' 
The words, linear and non-linear*, are used quite frequently when speaking 

of characteristic curves. `Linear means that the relationship between the conetent 
and the variable is such that the graph is a straight line. `Non-linear groans that 
the graph of.arelationship is not a straight line. , 
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the plate, current reaches dangerously high values at higher vol tages 
and the tube is apt to be damaged. _ 

In this example, the plate voltage was increased in 25 -volt 
steps. Had the plate voltage been increased in 12.5 -volt steps and' 
the plate current recorded each time; twice as many points would 
have been obtained through which ,to draw the characteristic curve. 
Twice as many points would have given a more accurate curve; so, 
when extreme accuracy is desired, as many points as practical should 
be placed on the graph before drawing the line. When the relation- 
ship between the plate, voltage and plate,cnrrent is quite linear, 
such as from 75 to 150 volts in Fig. 15, it is not necessary to se- 
cure a large number of points before drawing the line. However, 
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when the relationship between the plate voltage and plate currént 
is non-linear; that is, it is bending or passing through a curve, it is advisable to obtain several points in order to assure greater 
accuracy. In this particular case (Fig. 15), it would have been 
advisable to secure at least three additional points between 25 and 
75 volts. 

It will be noticed that in the graphs plotted so far, the plate 
or filament voltage values have always been plotted along the base 
Of the graph and the current values have been plotted along the side 
of the graph. This is the procedure generally followedltnd you will 
find that nearly all characteristic curves are plotted in a similar 
manner. The division of the'voltage values along the bottom of the 
graph and the division of the current values along the side oI' the 
graph are always made so that, with the data obtained, the curve 
will run approximately from the, lower left-hand corner to the upper 
right-hand corner of the graph paper. The greater the area of the 
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' grid of the tube. The grid voltage may be varied froi O rto. -30 
volts by changing the position of the movable arm E' on the poten- 
tiometer.P, from D to F. When the movable arm is at point D, the 
grid of the tube will, be connected directly to the negative side 
of the. filament and the voltmeter Ya will be reading zero grid bias. 
Then as the movable arm. is moved toward F, the voltmeter 'is will 
indicate, the increasing negative voltage applied to the grid. lip - 

on reaching point F, the grid of the tube will be 30 volts negative 
with respect to the negative side of the filament. 

To obtain the data necessary for plotting .a family -:of plate - 
voltage, plate -current characteristic curves, we shall start by set- 
ting the grid voltage at a value of -5 volts (the filament voltage 
must. be 5 volts) . By changing the position of movable arm B on the 
plate voltage potentiometer P1, the plate voltage can be' increased 
in 25 -volt steps. .At each 25-volt.interval, the plate current is , 

recorded. The plate voltage is increased to a maximum value. of 200 
volts. 

112-A 

c 
Íta "W" 

, 

volts, 

Fig.17 Circuit for obtaining data to plot family of Ep-Ip curvas 
on type 112-A tuba. 

After securing the data and plotting the plate -voltage, plate - 
current characteristic, you will .notice that the characteristic 
curve for -5 volts of grid bias (number 2) follows very closely with 
the curve obtained when the,bias voltage was zero, except that in 
all cases for a given plate voltage, the plate current is lower. 
This is to be expected because we know that when the grid is made 
negative with respect to the negative side of the filament, the 

,plate current will be less for a given value of plate voltage: 
To obtain thenext characteristic curve (dumber 3), change the 

movable arm on the grid bias potentiometer until the grid is 10 

volts negative with respect to the negative side of the filament. 

Starting with the movable. arm of potentiometer P1 at the left side 
(point A), increase the plate voltage in 25 -volt steps, noting the 
plate current at each setting: After tabulating the data, the 
points are placed on the.'seme,graph and the characteristic curve is 
drawn. 

After,plotting curve 3, next set the grid voltage to -15',`volts. 
(Move the arm E on potentiometer P. until Y, is reading 15 volts.) 
Then, Increase the plate voltage from 135 to 275 volts. 'When the 
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plate voltage is less than 135 volts, no plate current is flowing; 
because of the high negative bias applied to the grid. 

Curves 5 and 6 are plotted in' a similar manner. After all of 
the data has been obtained and the curves plotted on the graph, we 
how have a, "family" of plate -voltage, plate -current characteristic 
curves on a type 112,-A tube. By referring to the tube manual, you 
will find that the family of plate -voltage, plate -current curves 
for this particular tube may be extended much further when a plate 
voltage supply of 520 volts and a grid bias supply voltage of 55 
volts are obtainable. 

Liter in this lesson, we shall find several uses for a family 
of plate -voltage, plate -current characteristic curves and in follow- 
ing lessons where we will be dealing with vacuum tube amplifier, 
detector and oscillator circuits, these curves will be found to be 
very beneficial. At this time, the student should inspect the tube 
manual and become familiar with the appearance of the characteris- 
tic curves for 3 -element tubes. The characteristic curves for 4, 

5, b and 7 -element tubes appear quite different from those for the 
3-elemeut tubes; hence, they should not be studied until the theo- 
retical operation of these multi -element tubes has been thoroughly 
explained. 

5. GRID -VOLTAGE, PLATE -CURRENT CHARACTERISTIC CURVES. The 
relationship between the grid voltage and plate current when the 
plate voltage is held conc+.ant is a very important characteristic 
of any vacuum tube posse -sing more than two elements. As before, 
this relationship can best be seen by the use of agraph. The fol- 
lowing procedure should be followed to plot a grid-voltage, plate- 
current characteristic curve. 

The tube' to be used for explanation is the type 7b tube. The 
circuit necessary for plotting a graph of this kind is shown in Fig. 
18. Referring to the tube manual, you will find that the type 7b 
tube requires a heater voltage of 6.3 volts. This may be supplied 
,by a storage battery or from the secondary of a step-down transfor- 
mer. This tube is of the indirectly-heated cathode type; hence, the 
reference point for measuring plate voltage and grid voltage is the 
cathode. The storage battery or the 6.3 -volt secondary winding of 
a transforaer.should be connected across the points marked x -x (the 
heater winding): The cathode of the tube is connected to the nega- 
tive terminal of the 100 -volt plate battery and is also connected 
to the positive terminal of the 9 -volt grid battery. The plate 
voltage will be held constant throughout this experiment. A il- 
liammeter in series between B plus and the plate of the tube meas- 
ures the plate current. Voltmeter V, connected between the plate 
and the cathode will measure the plate voltage to make certain that 

,it remains constant. A potentiometer P1 is connected across the 
terminals of the 9 -volt C battery and the movable arm on the po- 
teutiometer is connected through MA. to the grid of the tube. Volt- 
meter V2 is connected between the grid and the cathode of the tube 
in order to measure the grid voltage. This voltmeter must be con- 
nected with the polarity shown on the diagram when the negative side 
of the C battery is connected to the grid. When the movable arm on 
P1 is to the left side of the potentiometer, there will be 9 volts 
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negative bias on the grid, and the voltmeter Vº will be reading 9 
volts. Under this condition, there will be no plate current flow- 
ing. These two values are the first which should be recorded; that 
is, grid voltage, -9; plate current, O. There will be no _vrid cur- 
rent flowing when the aridis negative with respect to the cathode. 
By moving the potentiometer arm to the right until the voltmeter V2 

reads 8 volts, the plate current meter MA1 will show an indication 
of .5 a. Making the grid voltage less negative (in two volt steps) 
allows the plate current to rise as shown in the tabular chart to 
the left Of Fig. 18. Whenthe grid voltage is zero, the potenti- 
ometer arm will be completely to the right of Pi. At this point, you 
will find 12.5 ea. of .plate current flowing as indicated on MA1 and 
ale, a very, very slight indication of grid current on MA2. - The 
measured grid current is found to be approximately .2 ma. 
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F'1g.18 Circuit for obtaining 
data to plot grid -voltage. plate 
current (Eg-Ip) and grid-volt- 
age, grid -current (Eg-Ig) curves 
on. type 76 tube. 

It is 'now necessary 'to reverse the connections- -to. the 9:_volt 
C battery. Connect the negative terminal of. the C battery to the 
cathode and connect the positive terminal of the C battery to the 
left side of the potentiometer P1. Also reverse the connections to 
the voltmeter Vs. It will now be possible to increase the grid 
voltage into the positive region by changing the position of the 
movable ere on the potentiometer P1. Starting with the grid at 2 
volts positive, we find the plate current to be 17.5 ma., as indi- 
cated on MAi and the grid current to, be approximately .3 ma., as 
indicated on -MA,. Byfurther increasing thegrid voltage in 2 -volt 
steps, the collection 'of dataas shown in the tabular chart on the 
left side of Fig. 18 is obtained. .It is not safe to increase the 
grid voltage above 9 volts positive, because the plate current is 

:reaching dangerously high values. An excessive grid current is al - 
r, 
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so beginniLi- to flow, which is very apt to damage the small grid 
winding within the tube. To obtain readings when the plate current 
of this tube is over 25 ma., the plate circuit should be closed only 
moment.ari b so as not to drurage the tube. 

With the collection of data secured experimentally, it is next 
necessary to plot these values on a graph in order to obtain a pic- 
ture of the relationship between the grid voltage and the plate cur- 
rent. On the same graph, it is possible to plot the grid -voltage, 
grid -current c urve. 
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The graph should be constructed as shown in Fig. 19. Zero grid 
voltage is placed at the center of the graph. The positive values 
of grid voltage are to the right and the negative values of grid 
voltage to the left. The plate current is plotted on the left side 
of the graph in 5 mwt. steps and the grid current is shown on the 
right side of the graph with each small division representing .2 ma. 

of grid current. To plot the graph, start with the most negative 
value of grid voltage. This was -9 volts and, at that time, the 
plate current was zero. Next, plot the plate current values for 
-8 volts, -6 volts, etc., up to the maximum of +9 volts. Drawing 
a smooth line connecting these points, we obtain a curve such as 
shown in Fig. 19. liter drawing the grid -voltage, plate -current 
characteristic curve, plot the grid -voltage, grid -current character- 
istic curve on the same graph. 

There are several facts pertaining to the operation of this 
tube which may be determined from the grid -voltage, plate -current 
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characteristic curve. First, notice that the characteristic cr..rve 

is fairly straight betweei -4 jolts and -#5 volts. Between the grid 
voltages of -4 and -9 volts, the characteristic is distinctlj 

curved. Likewise, on the upper positive end, from 5 volts to 1.2 

volts, there is a curvature in the characteristic. The upper bend 

in the characteristic curve is of little consequence in vacuum tube 

operation because we never apply a high positive grid voltage to a 

tube of this type. We are mainly interested in the -straight portion 
of the characteristic curve above -4 volts and in the curvature of 

the characteristic between -4 volts and -9 volts. These are com- 

monly referred to as "the straight portion of the grid -voltage, 

plate -current characteristic" and "the curved portion of the grid - 

voltage, plate -current characteristic", respectively. 

It is possible to plotafcurrili of grid -voltage, plate -current 

characteristic curves for different values of plate voltage in a 

manner similar to the method used for plotting the family ofplate- 
voltage, plate -current characteristic curves with different values 

of grid voltage in fig. in. Manufacturers' tube manuals generally 
give the family of plate -voltage, plate -current characteristic curves 

for different values of grid voltage onatube, hut seldom show the 

grid -voltage, plate -current family. Whereas a family of grid -volt- 

age, plate -current characteristic curves would be useful in certain 

cases, they are not sufficiently important to warrant their addition 

to a tube manual. 

6. STATIC A!'DDYNAMIC TUBE CHARACTERISTICS. Static character- 

istics are those relationships which exist between the tube's volt- 

ages and currents when only a DC grid -bras voltage is applied to 

the grid circuit. The relations which exist between the tube's 

voltages and currents when the tube is operating in a circuit are 

determined not only by the characteristics of the tube itself, but 

also by the apparatus used with the tube. In actual vacuum tube 

operation, there will generally be an a'ternating voltage applied 

to the grid of the tube in addition to the DC bias voltage. 

The relationships between the tube's voltages and currents un- 

der actual operating conditions are called the dyran.ic character- 

istics. Dynamic characteristics, therefore, indicate the perform- 

ance of a tube under actual working conditions, whereas the static 

characteristics show only the voltage and current relations when 

the circuit operation is disregarded. The gr.phs plotted in this 

lesson are all static characteristics, because in each case, we 

assumed that a DC voltage was applied breach electrode of the tube. 

This does not include the heater or filament voltage. When deter- 

mining the static or dynamic characteristics of a tube, the heater 

supply may be either AC or DC, because the only put1ose of the 

filament or heater is to supply the source of electrons. 

7. AMPLIFICATION FACTOR. The .rnrplification factor is one of 

the most important constants of a vacuum tube, because the useful- 

ness of the tube as an amplifier depends to a great deal (not en- 

tirely) upon it. Before explaining how the amplification factor 

of a tube is determined, let us see just exactly what, is meant h, 

the expression "a vacuum tube amplifies a volt.rre". 
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The illustration shown in Fig. 20 will serve to explain this. 
Ileferrihi, to A, suppose that 1 ;millivolt (representing an audio - 
I requei cv voltage) is applied across the two terminals, A and B, 
of the loudspeaker. hith 1 millivolt applied across the windings 
of the loudspeaker , a very slight current will flow and the vibra- 
tion of the loudspeaker' -s diaphragm will be over such an exceed- 
in;tly short distance that the sound waves emanating from the loud- 
speaker are hardly audible. This is an example showing that the 
input volta;_ro is not of sufficient amplitude to properly vibrate 
the diaplmi' .:,nt of the loudspeaker and produce sound waves that can 
be heard. To remedy this condition, it is necessary to place a 
"vou;nunl tuhe amplifier" between the 1 -millivolt input and the ter- 
minals of the loudspeaker. This arrangement is shown at B in Fig. 

Millivolt Input 

(A) 

1 Millivolt 
Input 

))JB 

Vacuum Tube 
Amplifier 
Amplifies 

10,000 Times 

100 vale. 
(B) utpm 

Fig.20 (A) One millivolt applied to the speaker directly will not produce much dia- 
phragm vibration. (B) One millivolt is amplified 10.000 times by vacuum tube amplifier 
then appliEd to speaker. Greater diaphragm vibration is produced because the amplified 
voltage has a hither amplitude. 

20. The 1 millivolt is applied to the input of the amplifier, which 
is capable of amplifying the voltage 10,000 times. The result is 
an output voltage of 10 volts and when this higher voltage is ap- 
plied across the loudspeaker, it will force a sufficient current 
through the windings to cause time diaphragm to vibrate over a great- 
er distance and thus set up sound waves which are easily audible. 
The 10 -volt output has exactly the same waveform as the 1 -millivolt 
input. The only difference is that it is higher in amplitude; that 
is, it has been amplified. 

In this illustration, the vacuum tube amplifier is capable of 
amplifying the input voltage 10,000 times. Of course, this vacuum 
tube amplifier circuit consists of several tubes connected in such 
a stainer that the output of each tube is fed to the input of the 
following tube, etc.; that is, one tube is not sufficient to pro- 
duce all of the amplification that has been obtained. Considering 
a one -tube circuit, if the output uoltage secured from the uacuum- 
tube circuit is hither in amplitude than the input voltage applied 
to the vacuum -tube circuit, it is said that the vacuum tube has amp- 
lified the voltage. As previously stated, the amount of amplifica- 
tion obtained depends largely upon time munplification factor of' the 
tube. 

To determine the amplification factor ofatube from experimen- 
tal data, the procedure would be as follows. An amplifier circuit 
using a type 56 tube is set up as shown in Fig. 21. A plate -voltage 
supply of 275 volts and a grid -bias supply of 13.5 volts is being 
used. A potentiometer must be connected across each of these bat- 
teries to providt a means of varying the plate voltage and grid 
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voltage. ^ mi l I irumneter MA is connected in series with the plate 
circuit and a voltmeter V1 ,oust he connected From plate to cathode 
so as toaccurately measure the plate voltage. The voltmeter V2 is 
connected from grid to cathode to meayure the grid -bias voltage. 

First, set the plate vol tage to exactly 2511 volts and the grid - 
bias voltage to exactly 13.5 volts. Under these conditions, we will 
find there will be exactly 5 ma. of plate current f_owint. (Refer 
to tube manual.) 

56 

f 

ED 

250 

250 12. 

A 1.5 Eg Change Proeuces 
a 2.5 Ma. Ip Change 

E. I: 
250 

270.7 13.5 

A 20.7 Ep Change Procaces 
a 2.5 Ma. Ip Chanoe 

Mu 
= 20.5 

= 13.8 
1. 

Fig.21 Circuit for experimentally determining 
56 tube. 

the mu of a type 

One ofthe two things determining the unplification factor of a 
tube is the effect of a variation in plate voltage on the plate 
current. The other is the effect of a change in grid voltage on 
the plate current. 

With the experimental apparatus assembled, first make a test 
to determine the effect of a grid voltage change on the plate cur- 
rent. We know that if the grid -bias voltageislnade less negative, 
the plate current will increase. Let us move the potentiometer arm 
P2 until the grid bias voltage is exactly 12 volts. We will find 
that the plate current increases from 5 ma. to 7.5 ma. This test 
has shown that a decrease in negative grid voltage of 1.5 volts 
causes an increase in plate current of 2.5 ma. Replace the grid 
voltage to 13.5 volts after making the test. 

Next test the effect of a plate -voltage change on plate cur- 
rent. This is done by increasing the plate voltage with potentiom- 
eter P1 until we have exactly 7.5 ma. of plate current flowing. 
Upon accurately reading voltmeter V1, we will find it to be 270.7 
volts. This test has shown that a plate voltage change of 20.7 
volts is required to produce a plate current increase of 2.5 ma. 
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Nrn:! the ,I ,t obtained, it is now possible to calculate the 
-urplil'ication factor of the type 5b tube. The amplification fac- 
tor is simkJ1y the ratio between the abil ity of the plate to the 
abili ty of the grid to control the plate current. This is expressed 
in the following formula: 

Amplification Factor = hp chance requi red to produce agiven l p change 
Eq chau re requi red to produce the same 1 p change 

Expressed in shorter form, this is: 

FrAmpli_'ication Factor = change 
g change 

Since we found that a 2O.7 -volt change in plate voltage was neces- 
sary to produce the same plate -current charge as 1.5 -volt change in 
grid voltage, we shall substitute these values in the formula and 
will obtain: 

Awplification Factor - 20' 
1.5 

= 13.8 

Ry referring to the tube manual, we will find that the amplifica- 
tion factor specified by the manufacturer for a type 56 tube is 
13.8! This factor is merely a number which expresses the ability 
of a tube to amplify a voltage. It is not to be assumed that when- 
ever a type 5b tube is used in an amplifying circuit the input volt- 
age will always be amplified exactly 13.8 times. The actual amount 
of amplification received from a tube depends not only upon its amp - 
1 fication factor, but also upon the conditions under which the tube 
is operated in the circuit. Even under the most favorable condi- 
tions, it is impossible to ever secure an actual amplification from 
a tube equal to its amplification factor. This means that the amp- 
) ification which will ordinarily be obtained from a type 56 tube 
when it isused in aproperly designed circuit will be somewhat less 
than 13.8 times. 

The amplification factor is often called the "mu". The Greek 
letter "w" is nearly always used in formulas to represent the ampli- 
fication factor. The amplification factor is also called the "amp- 
lification constant". All three of the phrases, mu, amplification 
factor, and ampl i fication constant, refer to the same characteristic 
of a vacuum tube. 

8. PLATE RESISTANCE. Tile plate resistance of a vacuum tube 
is abbreviated in formulas by "Rp". The plate resistance of a 
vacuum tube is the opposition of the path between the cathode or 
filament and the plate to the flow of achantint current. The plate 
resi stance may be secured from the manufacturer or may be determined 
with experimental apparatus, the same as the amplification factor. 
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To illustrate the procedure for determining the plate resis- 

tance -6f a vacuum tube with. experimental apparatus, we shall use 

the circuit shown in Fig. 22. A type 2A5 tube is being used for 

this purpose. A plate -supply voltage of .275 volts and a bias -sup- 
ply voltage of 4j volts will be required. In this circuit, you 

will notice that the filament leads are marked x -x, which indicates 

that they are to be connected across a.2.5 -volt transformer second- 
ary winding. In tubes of this -type; when AC is being used as the 

filament. supply, to secure the electrical center of the filament 

circuit, it is necessary to place a center -tapped resistor across 

the filament leads. -This center -tapped resistor is marked R in 

Fig. 22. Thetexact center of this resistance will never change. in 

Pa 

a5V 

2A) 

1 

_275V 

TRIALS' FOR Rp 

I EP I 

I 250 
I 

1275 

L Eg 
I 

Í -15 
I 

I 
_as 1 

Ip 
1 

60 

I 91.25 I 

A.25-Volt Ey Change Produces 
a 31.25 Ma. Ip Change 

Rp s Ifirrs SoOW 

F111.22 CIreúit for -experimentally determining -theRp of s-typa 
2A) tuba. 

potential, regardless of the changes "in AC voltage -across it; hence, 
it is used as the reference point when measuring the plate and grid 
voltages. The negative side of the plate battery and the positive 

side of the grid battery are both connected to the.center tap of 

the filament resistance. 

To determine the plate resistance of this tube, it is necessary 
to find the effect of 'a plate voltage change on -the plate current. 

Set the otentiometer_P1 until the plate voltmeter Y1 is reading 

exactly 250 volts, then set the potentiometer Pa, until the grid 

voltmeter Ve is reading exactly 45 volts. Under these conditions, 

a plate current of 60 ma. will be flowing. (Refer to the manufac- 

turer's specifications on the type 2A5 tube to verify these oper- 

ating.conditions.) Now increase the plate voltage to exactly 275 

-volts. We find that the plate current=meter increasesto91.25 ma. 
In the collection of data of this kind, it is necessary that the 

meters be read accurately to obtain the proper results. - 

To calculate the plate resistance of the tube it is only neo- 

essary to calculate the ratio between the change in plate voltage 

end the change in plate current which it produced. We increased 

the plate voltage volts and found that the plate,current in- 



creased 31.25 n;a. The ratio between the plate voltage change and 
the plate current change which it produces may be expressed as fol- 
lows: 

RD- 25 
.03125 

= 800 ohms, 

By referring to the manufacturer's specifications for a type 
2A3 tube, you will find the plate resistance to be 800 ohms. The 
plate resistance of all other tubes could be found in a similar man- 
ner with experimental apparatus. The plate resistance of nearly all 
triode (3 element) vacuum tubes is relatively low, generally below 
15,000 ohms. As a general rule, the plate resistance of tetrode 
(4 element) and pentode (5 element) tubes will be much higher. 
Whether or not the plate resistance of a tube is low will be one 
of the factors entering into the selection of a tube for certain 
types of circuits. 

9. TRANSCONDUCTANCE. Transconductance is abbreviated with 
the letters "Sm". The transconductance of a vacuum tube was for- 
merly called the"mutual conductance". The transconductance exist- 
ing between the grid voltage and plate current is a more accurate 
measure than any other factor for determining the relative merits 
of a tube. It is defined as the ratio between a chante in plate 
current and the chante in grid uoltate which produces it. The num- 
ber obtained by this ratio is taken as a "figure of merit" whereby 
one tube may be compared with other tubes of the same type as to 
its deserving usefulness in a certain type of circuit. This means 
that if several tubes are available, each of which can be used in 
a particular circuit, the decision or selection is most easily made 
by comparing their transconductance values. The tube possessing the 
highest transconductance is nearly always the most satisfactory. 
Since transconductance is secured by dividing a current by a volt- 
age, the ratio represents conductance, not resistance. Conductance 
is measured in mhos; however, since the transconductance of all tubes 
is fairly low (much less than 1 mho), the common unit of measurement 
is the micromho. 

The transconductance of a vacuum tube may be determined exper- 
imentally the same as the amplification factor and plate resistance. 
To determine the transconductance of a tube, we shall use the type 
45 tube in a circuit such as shown in Fig. 23. The potentiometer 
P1 must be connected across the 50 -volt grid battery. The voltme- 
ter V1 connected between the grid and the center tap of the filament 
winding will indicate the grid voltage. First, let us start with 
the following values: plate voltage, 250 volts; grid voltage, -50; 
plate current, 28 ma. The student should refer to the characteris- 
tic curve for the type 45 tube in the tube manual to verify these 
values. With the plate voltage remaining constant at 250 volts, 
change the grid voltage from -50 to -40 volts. Upon making this 
voltage change, the plate current is found to rise to 49.75 ma. 
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With the data obtained, it is now possible to calculate the trans - 
conductance of the type 45 tube. The trulscondnctlulce is expressed 
in a formula as follows: 

Transconductulce Change produced in plate current 
Grid voltage change producing Ip change 

Substituting the values found in this formula, we have: 

Sm .02175 
10 

= .002175 mho, or 2175 micromhos 

By referring to the table of characteristics for the type 45 tube, 
you will find that the transconductance specified by the manufact- 
urer with 250 volts plate voltage and 50 volts grid bias is 2175 
micromhos. 

50V 250V 

Ep Eg Ip 

250 -50 .028 

240 -90 .09975 

A 10 -Volt Change i i Eg Pro(SuCes 

a 21.75 Ma. Ip Change 

Sm = 21'-S = .002175 mhos 

Or 2.175 micromhos 

Fig.23 Circuit for experimentally determining the Sm of a type 
95 tube. 

In the table of manufacturer's characteristics, you will find 
that two additional columns of characteristics headed with differ- 
ent values of plate voltage are also given. For example, on the 
type 45 tube, the first column gives the characteristics for aplate 
voltage of 180 volts. The second column is a list of the charac- 
teristics for a plate voltage of 250 volts and the third column 
gives a list of characteristics for 275 volts. These characteris- 
tics vary with different plate voltages because of the different 
conditions under which the tube is being operated. When selecting 
voltages for the operation of any vacuum tube, one should always 
attempt to apply one of the plate voltages recommended by the m,u1- 

ufacturer so that he may be absolutely certain of the tube's char- 
acteristics which result from that plate voltage. 

10. RELATION BETWEEN THE TUBE CONSTANTS. The three tube con- 
stants just discussed were all found to depend upon the relationship 
between the grid voltage, plate voltage and plate current. Since 
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the grid circuit of a tube is entirely separated from the plate cir- 
cuit except for the control 1 ing effect of the grid on the plate cur- 
rent, it is quite evident that there should be some relationship 
between the ampl i cat ion factor, the plate resistance and the trans - 
conductance. There is a very definite relationship between theahil- 
ity of the grid to control the plate current (transconductance), the 
ability of the tube to 100ify a voltage app]ied to its grid cir- 
cuit (amplification factor) and the opposition offered between the 
plate and cathode or heater to the passage of a changing current 
(plate resistance). This relationship may he expr=_ssed as: 

Sm 
Rp 

(1) 

To prove this relationship, let us consider each of the three 
constants separately, then substitute them in the above equation. 

We have found: 

Mu = E)) change (2) 
1.,g change 

Rp = Ep change 
(3) 

I p Change 

Sm = change (4) 
q change 

According to formula (1), the transconductance should equal the 
amplification factor divided by the plate resistance. We may sub- 
stitute in formula (1) as fol lows: 

Mu or Ep change 
tg change 

R or Ep change 
Ip change 

here we have two fractious, one of which is to be divided by the 
other. According to the fundamental rule for the division of frac- 
tious, invert the divisor, then mul tiply. Performing this operation, 
we have: 

Sm _ Ep change x Lp change 
Eg change Ep change 

Cancelling the Ep change in the numerator and denominator, we have: 

sr, = I change 
E;g change 

(5) 

Prom the fundamental definition of transconductance, formula 
(5) is true; hence, the relationship as expressed in formula (1) is 
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correct. Having proved formula (1), it may now be transposed to 
the three different forms: 

Ss=P RP=} Mu=RpxS" 

R. is the plate resistance in 'ohms. 
Where: Sw is the transconductance in mhos. 

Mn is the amplification factor expressed as a number. 

11. RC PLATE RESISTANCE. : The DC' plate resistance of a vacuum 
tube is defined as the opposition offered to the passage of adirect 
current from the cathode or filament to the plate. «.. 

The DC plate resistance of a tube should not.be confused with. - 

the aforementioned plate resistance of the tube: These are two en- 
tirely separate and distinct constants. The plate resistance was - 

previously defined as the opposition offered to the passage of a 
changing currant from the cathode -to the plate, whereas the DC plate 
resistance is the opposition offered to the passage of a 1C current 
from the cathode to the plate. The method for calculating the plate - 

resistance of a vacuum tube was covered in detail in a preceding 
p h. The plate resistance of avacuum tube is sometimes called 
the late impedance". The word, "impedance", is used in this case - _ 

because.it means an opposition to a changing.curreat, not to a DC - 

current. When the expression -"plate impedance" is used, it is not - - 

so easily. confused with the DC plate resistance. 
To find the DC plate resistance of a tube, it is only .necessary 

to divide the DC plate voltage by the DC plate current. This is 
--expressed as follows: 

DC RP = 13 (6) 
P 

w 
Referring to the family of characteristic curves for the is 

1.12-A tube as shown in Fig. 16, let as select any point on any one 
- of the_ five curves shown and calculate the DC plate resistance at-rt4 , 

- that point. For example, on curve 1, we choose the point ', 

coincidi with a plate voltage of 75 pits 'and plate current of 
9.5 ma. The DC plate resistance at. this point is: 

DC R p = volts = 7.,894+ ohms 
..,...1,-- 

- . 

.0u.5 ampere - 

Tentage, - On curve 3, at 200 volts plate we find the plate eár.: 
fl .'y}!t to be 20 ma. The DC plate resistance at this point will be: 

DC RP 
ampere =10,000 ohms 

1- 

,r. $ Ina *Jailer manner; -the DC plate., resistance of this tube un= 
s;- different operating conditions could be calculated at any point 

.. 'aired on any one of the five curves. 
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Notice that the DC plate resistance of a tube varies with any 
change in plate voltage or July change in grid voltage. This fact 
allows a vacuum tube to be used as a variable resistance or poten- 
tiometer; that is, it' desired, a vacuum tube may be employed in a 
circuit to function as a variable resistance because each time the 
grid voltage is varied, the DC resistance of the tube will change. 
The range of resistance variation secured from a certain tubeis 
limited by the physical construction of the tube; that is, an ex- 
cessively high plate voltage cannot be applied, nor can an exceed- 
inoly high plate current he allowed to flow without causing consid- 
erable damage to the tube itself. In later lessons, we shall find 
applications for using a vacuum tube as a variable resistance. The 
performance of a vacuum tube in this capacity will depend upon the 
variation of the DC plate resistance whenever the plate voltage or 
grid voltage is changed. 1 A 

+ } 
6V 

_ (B) 6V 
I 

Tt11111 + a 

12V 

1 - 'A 
6V _ 

1 
- 

+ 

I 

18V +B 
12v 

Fig.211 Simple circuits illustrating how two voltages buck against 
each other (A and B) when - is connected to - ano now they add to- 
gether (C and D) when - is connected to +. 

12. ADDING AND BUCKING VOLTAGES. In preparation for the ex- 
planation of how a vacuum tube amplifies a voltage, it is necessary 
to become familiar with acertain phenomenon which affects theoper- 
ation of the grid circuit. 

At A in Fig. 24, we have shown a stepdown transformer which re- 
duces the 110 -volt AC applied to the primary to b volts AC across 
the secondary side. In series with one lead on the secondary side, 
u 12 -volt battery is inserted with the polarity as shown. We have 
learned that the AC current passing through the primary of the step 
down transformer will induce a b -volt AC voltage across the second- 
ary terminals. First, let us consider the instant when the top of 
the secondary winding is positive and the bottom of the secondary 
winding is negative. This instant is shown at A in Fig. 24. The 
secondary voltage will be bucking against the 12 volts produced by 
the series battery, resulting in only b volts being available across 
the two terminals A and B. (Remember this isonly an instantaneous 
condition.) The circuit shown at B represents this condition in a 
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more definite manner. This drawing shows a 6 -volt battery inserted 
with the.proper polarity instead of the 6 -volt AC voltage induced 
in the secondary. It may be seen that the negative terminnl.of the 
12 -volt battery is connected to the negative terminal of the 6 -volt 
battery; hence, these two voltages will not add to each other, but 

rather will buck against each other, resulting in only 6 volts be- 
ing available across the terminals A and B. This b volts is the 
difference between the 12 -volt battery and the 6 -volt battery (or 
secondary). 

When there is no current passing through the primary winding, 
there will be no voltage induced across the secondary of the stepdown 
transformer andthere will beavoltage of 12 volts available across 
AB, with A negative and B positive. 

Next, let us consider the instant when the current passing 
through the primary is in the opposite direction. The voltage pro- 
duced across the secondary side will be of opposite polarity as 

shown at C in Fig. 24. To make this alittle more clear the equiv- 
alent circuit is shown at D. Notice that the negative terminal of:. 
the 12 -volt battery is now connected to the positive terminal of 
the 6 -volt battery, thus placing them in series. We have previous 

ly learned that when batteries are connected with the positive ter- 
minal of one to the negative terminal of the next, their individual 

voltages will add, resulting in the total voltage being equal to the 
sum of the individual voltages. When adding the 12 -volt battery to 
the 6 volts, a total of 18 volts is secured across the two terminals. 

A and B with A negative and B positive. 
These illustrations serve to explain the manner in which the 

grid circuit of a vacuum tube operates when the voltages appliedi. 
to the grid circuit are of an AC nature. In this explanation we: 
have disregarded the intermediate voltage values which will appear :_ 

across the terminals A and B during all parts of the AC.sine wave.. 
We have considered only the voltage at the maximum amplitude of the 
positive alternation and the maximum amplitude of the -negative e - 

ternation. 
Since the 12 -volt battery is causing a potential of"12 volts 

to exist across the terminals A and B when there is no voltage in- 
duced in the secondary, we should consider this 12 volts as being 

equivalent to the zero line drawn through the center of an AC sine 
wave. This may be understood by referring to Fig. 25. At A in 

Fig. 25, one cycle of an AC voltage is shown varying above and be- 

low the zero line, attaining a maximum of 6 volts on each of its 

alternations. This would be the voltage across the two terminals 

A and Bin Fig. 24 if the 12 -volt battery were not present. Due to 

the fact that the battery is connected in series with one of the 

secondary leads, the voltage appearing across the two terminals A 

and B will actually be as shown at B in Fig. 25. The 12 -volt bat- 

tery merely causes a displacement of the reference line for the AC 
voltage, moving it down to a value of -12 volts. Now, the secondary 

voltage will first add to, then subtract from this steady 12 -volt 

potential of the battery, thus causing the voltage across A and B 

t vaíy from -6 volts to -18 volts. 
V.. 

si 
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This explanation should be studied thoroughly in order to se- 
cure a clear conception of the action taking place in the grid cir- 
cuit of a vacuum tube. 

0 

+ B) 

0 

Fig.25 (A) Six volts AC varying above and below O. 
(8) Six volts AC varying above and below -12. 

13. HOW A VACUUM TUBE AMPLIFIES A VOLTAGE. To explain the 
function of a vacuum tube as a voltage amplifier, we shall use the 
circuit arrangement shown in Fig. 2b. A type 76 tube is being used 
with 140 volts plate supply and abias voltage of 2 volts. The pos- 
itive terminal of the 140 -volt battery is connecter through the re- 
sistance R (and the milliammeter) to the plate of the tube, and the 
negative terminal of the 140 -volt battery is connected directly to 
the cathode. The plate voltage (difference in potential between 
the plate and cathode) will be 140 volts minus the voltage drop 
across resistance R. The negative terminal of the grid bias bat- 
tery is connected through the iron core coil S to the grid of the 
tube, and the positive terminal of this battery is connected direct- 
ly to the cathode. The grid bias voltage will be exactly 2 volts 
because there is no grid current passing through the coil; hence, 
there will be no voltage drop across it. By referring to the grid - 
voltage, plate -current characteristic curve for a type 76 tube as 
shown -in Fig. 19, it will be found that under the conditions of 100 
volts plate voltage and 2 volts negative grid bias, there will be 
a plate current of 8 ma. flowing. Since it will be necessary to use 
this grid -voltage, plate -current characteristic to explain the pro- 
cess of voltage amplification, it is reproduced again in Fig. 28 for 
convenience. In Fig. 28, notice that at -2 volts grid bias on 
the curve, the letter X is placed. This point on the characteristic 
is commonly called "the operating point". When 100 volts is applied 
to the plate of a type 7b tube and 2 volts negative bias applied to 
thé grid, there will be a plate current flowing of8 ma. This coin- 
cides exactly to the operating point on the curve. Notice particu- 
larly that the operating point is on the straight portion of the 
grid -voltage, plate -current characteristic. When working a vacuum 
tube as o uoltate amplifier, it is very essential that it be oper- 
ated on this portion of the stattc Orid-uoitate, plate -current char- 
acteristic curve. If the bias were increased to -6 or -8 volts, we 
wnld then he operating on the curved portion of the characteristic 
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'and the result toald:be . al output voltage which does'not' coincide 
(in 'wave fors) with the input voltage. This is called "distortion". 
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Since`we knob there is 8 ma. of late current flowing` fe can 
calculate the voltage drop across the 55,000 ohm resistance I in the 
plate circuit; 8 ma. X 5,000 ohms produces a voltage drop of 40 
volts. In the chart below Fig. 27, the static conditions #oondi- 
tions of the circuit before a signal is applied to the grid -circuit) _ 

are tabulated. The grid voltage is -2, the plate current: is..8ma. =__ 
and the voltage drop across the resistance R is 40 volts.. 

On the positive alternation of the voltage to be amplified 
'let us assume that the voltage produced across the coil S is in the , 

direction as shown by the arrow marked 1 (Fig. 2b). This will make 
the top end of the coil positive and the bottom end negative. When 
the voltage across the coil is in this direction, it will buck 
afainst the 2 -volt battery, thus causing the instantaneous voltage = 

difference between the grid and the cathode to decrease to a'value 
of -1 volt. Fro. the characteristic curve en this tube loun in 

I' 
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Fig. 2S, it may be seen that when the grid is made 1 volt negative, 
the plate current will rise to 10 ma. When the plate current in- 

creases to 10 ma., the voltage drop produced across the resistance 
R will be .01 x 5,000 = 50 volts. These values are tabulated in 

the chart beneath Fig 27. 
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Fig.28 Graphical analysis of relation between grid voltage and 

plate Current when the operating point is on the straight portion 
of the curve below zero grid bias. 

Next, let us consider the function of the circuit on the nega- 
tive alternation of the voltage to be amplified. When the voltage 
produced across the coil S is in the direction of the arrow marked 
2, the bottom of the coil will be positive and the top will he neg- 
ative. This voltage is in such a direction asto add to the 2 volts 
of the C battery, thus making the instantaneous voltage difference 
between the grid and the cathode equal to -3 volts. From the char- 
acteristic curve of the tube shown in Fig. 28, it may be seen that 
when the grid is made -3 volts negative, the plate current will de- 
crease to 6 ma. As the plate current falls to 6 ma., the voltage 
drop produced across the resistance R in the plate circuit will de- 
crease to .006 x 5,000 or 30 volts. These values are also tabu- 
lated in the chart beneath Fig. 27. 

To review briefly the action of the tube so far, we have found 
that when the grid is madeless negative, the plate current increases, 
thus causing all increased voltage drop across the resistance R in 

the plate circuit. When the grid is made more negative, the plate 
current decreases, thus causing adecreased voltage drop across the 
the resistance R in the plate circuit. 
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In Fig. 27 at A, we have shown the voltage variation which was 

applied to the grid circuit of the tube. Starting from 2 volts neg- 

ative, the 'grid was first -made 1 volt negative, then returned back 
to 2 volts, only to change again in the opposite direction and be- 

come -g volts, then reduced back to -2 again. We had a 1 -volt 

change on each alternation of the signal voltage, thus making an 

over-all voltage change across the grid circuit of 2 volts. This 

is the voltage applied to the grid circuit of the tube which we de- 

sired to amplify. Now let us analyze the changes which have oc- 

curred in the plate circuit and thereby determine whether or not 

amplification has been obtained. With the normal plate current of 

.8 ma. passing through the resistance R, the voltage drop was 40 

volts. When the grid was made less negative, the plate current in- 

creased and the voltage across the resistance went up to 50 volts. 

When the grid was made more negative, the current through the plate 

circuit decreased, causing the voltage drop across resistance R to 

decrease to 30 volts. Referring to B in Fig. 27, we see the total 

voltage variation. which has occurred across the resistance R. Start- 

ing with a normal voltage drop of 40 volts, it first increased 10 

volts, then decreased 10 volts, thus causing an over-all voltage 

change of 20 volts across the plate circuit resistance. 
Since we applied only a 2 -volt variation to the grid circuit 

of the tube and have secured a 20 -volt variation across the plate 

circuit of the tube, it is quite apparent that the tube has ampli- 

fied the original voltage. To determine exactly the number of times 

which the applied voltage has been amplified, it is only necessary 

to take a ratio between the voltage variation across the plate cir- 

cuit to the voltage variation applied to the grid circuit. This 

will be 20 + 2 or 10 times. 
From the graphical analysis of this action in Fig. 28, it is 

apparent that the grid voltage changes have produced plate current 

changes which vary in direct proportion. When the grid was made 1 

volt less negative the plate current increased 2 ma. and when the 

grid was made 1 volt more negative, the plate current decreased 2 

ma. This linear relationship must exist between grid voltage and 

plate current if we are to obtainemplification without causing a 

distortion of the original waveform of the voltage applied to the 

grid. It is for this reason that the operating point was originally 

placed at point 1. Suppose the operating point were moved down on 

the curve to around -8 volts; -since the characteristic curve is not 

a straight line in this vicinity, the grid voltage changes would 

not have produced corresponding plate current changes. Distortion 

of the original voltage would have resulted, which would be very 

undesirable. Distortion means that the output voltage (or current 

in the plate circuit) does not have exactly the same waveform as 

the input voltage applied to the grid circuit. Several other fac- 

tors enter into the operation of a vacuum tube which must be taken 

into consideration to prevent distortion. These will be discussed 

in later lessons. For the present, the student should remember that 

a voltage amplifier must be operated on the straight portion of the 

grid -voltage, plate -current characteristic curve. The grid must 

always be kept negative in this type ofemplifier, so the operating 
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point must be below zero grid bias. 
Voltage ampl i ficatiou represents otte of the most important func- 

tions of a three -element vacuum tube for commercial purposes. The 
amount of voltage tunplification obtained from a tube will al ways be 
the ratio of the voltage variation produced across the plate ci rem i t 
to the voltage variation applied to the grid circuit. For undis- 
torted amplification, the voltage variations across the plate cir- 
cuit must have the same waveform as the voltage variations attplled 
to the grid circuit. It should be understood that the amplification 
obtained in any case is due to the controlling action which the 
grid has on the plate current. The voltage applied to the grid has 
caused the grid to control the plate current and the plate current 
in turn causes the voltage variations across the resistance in the 
plate circuit. Quite often, instead of using a resistance in the 
plate circuit, a coil (air core or iron core) is inserted. A coil 
will have an effect similar to a resistance; that is., the current 
changes created in the plate circuit (by the grid voltage changes) 
will cause varying voltage drops to occur across it and the applied 
grid voltage changes will be amplified. 

The method we have just used to explain how avacuum tube amp- 
lifies a voltage is not similar to the method previously employed 
to determine the amplification factor of a tube. It should be kept 
in mind that the amplification factor is merely a number specified 
by the manufacturer denoting the ability of a tube to amplify a 
voltage. The actual amount of amplification obtained from avacuum 
tube depends not only upon the amplification factor, but also the 
conditions existing in the associated circuits. In this particular 
case, if the size of the resistance R was decreased, the amount of 
amplification which would have been obtained would have been less. 
Likewise, if the resistance R were increased (also increased battery 
voltage to keep the plate voltage the same), the amount of amplifi- 
cation would have been greater. 

The actual voltage amplification obtained from any tube may be 
found by use of the following formula: 

Voltage Amplification = Amplification factor x Plate load resistance 
Plate load resistance + Plate resistance 

Or: Y.A. = Mu x RL1 

RL Rp 

Mu is the amplification factor 
Where: RL is the load resistance 

Rp is the plate resistance 

This formula is very useful and should be remembered. The 
plate load resistance is that opposition (resistance or inductive 
reactance in ohms) in the plate circuit across which uoltaM varia- 
tions are produced, due to the plate current changes. In Pig. :.'b, 

1 
The derivation of this formula involves the use Of information Contained in 

later lessons. It will be explained in Lesson 28. 
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the plate load resistance was 5,000 ohms. In order to accurately 
determine the voltage amplification using this formula, it is nec- 
essary to know the exact plate resistance of the tube at the oper- 

ating point. The plate load resistance may be determined by actual 
measurement and the mt or amplification factor of the tube may be 

secured from manufacturer's specification. Exceedingly accurate 
determination of the plate resistance of the tube with experimental 
apparatus is not practical, so in order to use this equation to any 

degree of accuracy, it is necessary to apply the voltages speci- 

fied by the manufacturer in the tube manual. 

As an example, we shall use the type 6F5 all -metal tube. When 

this tube is operated in a circuit with 250 volts on the plate and 
2 volts negative grid bias, the plate resistance will be 66,000 ohms 

and the amplification factor 100. Let us assume that we are operat- 

ing this tube in a typical amplifier circuit as shown in Fig. 29. 

6F5 is 

Input 
Voltage 

2V. 3ov 

250V 
3 

output 

ó 
Voltage 

Fig.29 Circuit to illustrate the effect of the plate load re- 
sistance on voltage amplification. 

In this circuit, the plate load resistance is 100,000 ohms and since 

.9 ma. of plate current will be passing through this resistance, it 

will be necessary to employ a plate voltage supply of 340 volts in 

order to maintain the plate 250 volts positive with respect to the 

cathode. 
Instead of using a coil in the grid circuit as was done in the 

preceding example, a resistance is shown. Whether a coil or resis- 

tance is used is immaterial as long as there is some type of oppo- 

sition in the grid circuit across which it is possible to develop 

a voltage. 
Using the formula just given to calculate the voltage ampli- 

ficati m which will be obtained from this circuit, we will have: 

V.A. = 100 x 10Q,000 
100,000 66,000 

= 10.000.000 

166,000 

= 602(approx.) 

Notice that the amount of voltage amplification actually se- 

cured from this typical circuit is not equal to the amplification 

factor of the tube. As previously stated, the amplification fac- 

tor is merely the manufacturer's specifications as to the ability 
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of a tube to amplify and that the voltage amplification actually 
secured depends not only upon the amplification factor, but also 
upon the associated circuit. In this circuit, if the plate load 
resistance had been made greater than 100,000 ohms, the amplifica- 
tion obtained would have been greater, and likewise, if the plate 
load resistance were made less than 100,000 ohms, the amplification 
would decrease accordingly. 

When it is said that the voltage amplification produced by a 
tube is 60, it means that if 1 volt is applied to the input or grid 
circuit, 60 volts will be secured across the output or plate cir- 
cuit. Similarly, if 2 volts was applied to the input, 120 volts 
would be obtained across the output, etc. 

The voltage amplification secured from a tube can be calculated 
by the use of formulas other than the one just given. These other 
formulas are not of sufficient importance to necessitate their study 
at this time. 
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Notes 
(These extra pates are provided for your use in taking special notes) 
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KNOWLEDGE IS YOUR 
MERCHANDISE 

see that you have plenty of it to sell. 

When you. are in need ot some new shirts, and you go 
to your merchant who sells men's clothing,- you enter his 
store with the thought that you are going to get the most 
for your money. You look over the different shirts that 
Mr. Merchant shows you, examine the texture of the mater- 
ialotwhich they are made and finally, select those shirts 
that appeal to you the most and that seem to be. the best 
buy. 

In other words, you select your merchandise very, 
very caretully. You do not buy 'just anything' that is 

shown you, tor you are paying out hard-earned money and 
you want the best there is. 

Now, then, let us suppose that the manager of a ra- 

dio broadcasting station is in need of an operator. Sev- 
eral young men, including yourself, have applied for the 

job, submitted applications and have been interviewed. 
Curing Such interviews, the manager will make careful 
note of the extent ot the knowledge each applicant pos- 
sesses. The reason that he does this is because he wants 
to get the most for the money that he pays out in salary 
...so,..:..-he'naturally selects the applicant who knows the 
most. 

In other words, Mn Student, when you applied tor 

the -lob mentioned above, you put your merchandise (know- 
ledge) on display. The other applicants did the same. 
When you were buying your shirts, you make your'selec- 
tions with care. You wanted high-grade, tull-value mer- 
chandise. The knowledge that you have tucked away in 

your brain is YOUR MERCHANDISE. It Mr. Manag.erfeels that 
he will get MORE knowledge for his money it he employs 
YOU....YOU WILL GET THE JOB. Un the other hand, if your 
mercnandise (KNO LECGE) is not as outstanding as one of 
the other fellows who applied for the lob YOU WON'T 
GET THE JOB. 

So, to make sure that YOUR MERCHANDISE (KNOWLEDGE) 
Is going to be so extensive and complete that YOUR SER- 
VICES WILL DE A GOOD 'BUY', see tnatyou study EVERY SIN- 
GLE LESSON THOROUGHLY see that you COMPLETE EVERY 
SINGLE EXPERIMENT CORRECTLY STICK TO YOUR TRAINING 
AND COMPLETE IT WITH HIGH GRADES 

AND YOU WILL HAVE PLENTY OF BIG VALUE,(JUALITY MER- 
CHANDISE (KNOWLEDGE) TO SELL AND YOU'LL GET A 

HANDSOME PRICE FOR IT, TOU....SUBSTANTIAL, REGULAR 
'PAY CHECKS' EVERY MONTH, YEAR IN AND YEAR OUT. 

YOU'RE GOING TO BE A WINNER AND WE ARE GOING TO 
HELP YOU WIN. 

Copyright 1942 

By 

Midland Radio a Television 
Schools, Inc. PRINTED IN U.S.A. 

I rn>E. I i.A 

KANSAS CITY. MO. 



Lesson Thirteen 
1. 

ALTERNATING 
CURRENT 
CIRCUITS ..,/d/// y 

"This lesson takes you 
into one of the more ad- ~`r 
vanced phases in the study ti 

of Electricity. Since the 
function of most Radio and 
Television circuits is based 
primarily on constitutional elec- 
trical principles, it is necessary 
that you obtain a thorough training in the more fundamental elec- 
trical theories. 

"The study of Alternating Current constitutes a very interest- 
ing portion of your work. Throughout your future studies and your 
home laboratory experiments, the knowledge you secure from this 
lesson will be of great value to you." 

1. ALTERNATING CURRENT CIRCUITS. Having secured a fundamen- 
tal knowledge of the resistor, the coil and the condenser, it is 
now necessary to point out certain facts pertaining to the function 
of these three parts in alternating current circuits. Same infor- 
mation on this subject has been given in preceding lessons when 
discussing the inductive reactance of acoil and the capacitive re- 
actance of a condenser. This information will not be repeated; 
however, the important facts which must be recalled at this time 
are: 

1. A pure resistance, having no inductive or capacitive 
effects, will offer the same number of ohms opposi- 
tion to an alternating currenr, as to a direct current. 

2. An alternating current meets with more opposition than 
a direct current when passing through a coil. 

3. A direct current will not pass through a condenser (as- 
suming no leakage), but an alternating current will 
pass through a condenser with comparative ease. 

In AC circuits, several conditions exist which are not true 
in a DC circuit. Among these are, first, the total current flow- 
ing through an alternating current circuit will not be equal to 

the applied voltage divided by the resistance of tf.e circuit. The 
reactance (inductive and capacitive) in the circuit must be taken 
into consideration before applying Ohm's Law. Second, the true 
power in an AC circuit may not be equal to the product of the ap- 
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plied voltaje and the current flowing thront'il the circuit. In a 
pure DC circuit, N = E x I. This same relationship is true in an 

AC circuit if it contains only pure resistance, but if the AC cir- 
cuit contains either inductance or capacity, the "power factor" of 
the circuit must be taken into consideration. 

The material of'this lesson explains why these facts are true. 

2. GENERATING AN ALTERNATING VOLTAGE. An AC voltaje is pro- 
duced by a machine known as an AC generator, or, as it is more com- 
monly known, an "alternator". A fundamental knowledge of the con- 
struction and operation of an alternator is of great importance in 
order to understand the various actions of an alternating current. 
The principle of an AC generator is based on the simple process of 
induction. From the Law of Induction, it is known that a vóltage 
will be induced in a conductor when it is rotated through amagneti.c 
field, the voltaje depending upon the speed of the conductor and 
the number of lines of t'orce cut per unit of time. Fig. 1 illus- 

Fi9.1 Outline drawing illus- 
trating the fundamental con- 
struction of an alternator. 

trates the fundamental construction of an alternator. A single 
loop of' wire (labeled A -B -C -D) is arranged on a shaft with a crank 
attached and supported in such a manner that the loop of wire may 

he rotated through the ma_n etic field existing between the north 
and south poles of the permanent magnet. The rotation of the loop 
of wire through the steady magnetic field will cause the genera- 
tion of a voltage in the loop. 

A comprehensive understanding of the alternating voltage gen- 
erator may be secured by reference to Fig. 2. The permanent ma rnet 
has been omitted in this figure to simplify the diagram. The mag- 
netic lines of force are represented by the arrows drawn from left 
to right. The loop of wire has been drawn in two colors; one-half 
of the loop is black and the other half is white. The object of 
the different colors is to clearly indicate the position of each 
side of the loop at various instants during its revolution through 
the magnetic field. To conduct the voltage generated in the loop 
of' -wire to an external circuit, it is necessary to equip each end 

of the loop with a separate connection, these two connections being 
insulated from each other. Ordinarily, each end of the loop is 
connected to an individual slip ring as shown in Fig. 3. The slip 
ring marked X is connected to the side of the loop marked AD, and 
the slip ring Y is connected to the side of the loop marked BC. 

The two h nlshes, B'and B", are resting on the slip rings so as to 
make contact with them, thus conducting the voltage generated to 
the external circuit, which, in this case, consists of resistance 
R. 

Referring to Fig. 2 again, the black side of' the loop is con - 
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nected directly to the shaft with the brush B resting upon it. The 
white side of the loop is connected to tire slip ring with the brush 
11 resting upon it. The external load resistance R is connected 
across the two brushes W and B. An alternating current will flow 
thron it this resistance when an alternating volta,re is induced in 
the loop. 
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Fig.2 Illustrating tie relation of the values of a Sine wave to 
the voltages induced at different instants during the revolution of 
a conducting loop. 

Let us start with position 1, where the black si de of the loop 
is at the bottom and the wlri to side of the loop is at the top. Tin s 
represents a point of zero vol tale. There will be no voltage in- 
duced at this instant because a very sl ight movement of the shaft 
in either direction will cause the two sides of the loop to move 
parallel to the magnetic lines of force; hence, there will be no 
voltage induced. Now assume that the loop is rotated 90 degrees, 
in a clockwise direction from position 1 to position 2. As the 
white side of the loop comes down in front of the S pole, it is 

Fig.3 Diagram to illustrate the 
slip rings on either end of the con- 
ducting loop. The load resistor R 
constitutes the external Circuit. 

cnttin throu!h an increasiur number of lines of force; hence, the 
voltaue induced in that side of the loop _rarluall,y increases from 
zero to maximum. Likewise, as the back side of the loop comes up 
in front of the N pole, it is cuttint: through an increasing number 
of lines of force; hence, the voltage 0:1 that side of the loop grad- 
ually increases from zero to maximum. Since the white side of the 
loop is mov'na down in front of the S pole and the black side of 
the loop is moving up in front of the N pole, the voltage induced 
in the two sides of the loop will be in such directions as to add 
totrether, resultinu in the total voltage across brushes W and B 
being equal to the voltawe induced in the black side of the loop 
plus the voltage induced in the white side. A slight movement of 
the loop in either direction when it is in the 90 -degree position 
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will result in a high voltage being generated because both conduc- 
tors will be moving, perpendicular to'the lines of force:' 

As the rotation is continued from the 90 -degree position (2) 

to the 180 -degree position (3), the white side of the loop will be 
cutting through a decreasing number of lines of force and, likewise, 
the black side of the loop will be cutting through a decreasing 
number of lines of force. This will cause the induced voltage in 

both sides of the loop to gradually decrease from maximum (posi- 

tion 2) to zero (position 3). Again at position 3 it can be.seen 
that a slight movement of the loop in either direction will not 

generate a voltage because both sides of the loop will be moving 

parallel.to the magnetic lines of force. 
Continuing the rotation of the loop from position 3 to posi- 

tion 4, the white side of the loop is now coming up in front of the 
N pole and the black side of the loop is going down in front of the 

S pole. Both sides of the loop will be cutting through an increas- 

ing number of lines of force, resulting in the voltage gradually 

increasing from zero to maximum. Notice that the direction of the 

voltage induced in the loop is opposite -to that induced when the 

loop was rotated from position 1 to position 2. The reason for this 

is that.the white side of the loop is now coming up in front of the 

S pole, whereas before, it was going down in front of the N pole, 

and the black side of the loop is now going down in front of the 

N pole, whereas before, it was moving up in front of the S pole: 

Since the sides of the loop are cutting through the magnetic field 

fin opposite.directions, the voltage induced in one side will be op- 

,nosite to that induced in the other in accordance with fundamental 

laws previously learned. 
As the loop rotates from the 270 -degree positión (4) to the 

.360 -degree position (5), both sides of the ldop are cutting through 

'fewer lines of force; hence, the voltage induced will gradually de- 

crease1back to zero (position 5). 

From 1 to 5, the loop has completed one revolution and one 

cycle of alternating voltage has been induced in the loop. If the 

rotation of the loop were continued, the process would be repeated; 

that is, one cycle of alternating voltage would be induced in the 

loop'for each complete revolution. The alternating voltage produced 

across the two brushes W and B causes a corresponding AC current to 

pass through the resistance R. 

Since the frequency of an alternating current or voltage means 

the number of cycles per second, it can be seen that the speed of 

revolution of the loop through the magnetic field determines the 

frequency of the alternating voltage produced. A rapid rotation 

results in a high frequency and a slow rotation results in a low 

frequency. A rapid rotation of the loop through the magnetic field 

also results in the generation of a ht#her'uoltage. The reason for 

this is based on one of the fundamental factors determining the 

induction of a voltage in a single conductor. This law states that 

the.uoltaje induced to a conductor depends upofl the speed with 

which the i.o netic lines of force cut through the: -conductor.. The 

value of the alternating voltage can also be increased by increas- 

ing the strength of the magnetic field. Since electromagnets sup - 
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ply a much stronger magnetic field 'than -permanent magnets,, electro- 
magnets are always used in powerful commercial:alternators. 

A higher outputvoltage would result if there were more turn's 
'of 'wire on the loop, providing these turns were so arranged that 
the voltage induced in each turn would add to the voltage induced 
in the others. 'In commercial AC generators, there -are several hun- 
dred turns wound on this portion of the machine and it is commonly 
called the "armature winding". The electromagnetic coils-used.to 
supply 'the strong magnetic field through which the conductors on 
the armature rotate are called the."field coils". All AC generators 
consist fundamentally of. these twopportions; the field coils and 
the armature winding. 

To'generate an AC voltage in the armature winding, it is nec- 
essary'that a relative motion'be established between the magnetic 

field produced by.the field coils and the turns on the armature 

winding. 'This can be done by rotating the armature with the field 
stationary, or by rotating the field with the armature stationary. 
Ordinarily, the armature winding is held stationary and the field 

coilsare rotated in the larger commercial machines. 

, M-- 
(c) 

(F) 

Fig; dIllustrating 
the designation -of various points on,a sine 

waveIn 

3. TEE DEGREES IN A SINE WAVE. It is common practice to refer 
to. various plaoes 'on an AC. sine wave by designating the number of 

degrees between the starting of the cycle and the point under con- 
sideration. For example (see Fig. 4), if it 'is desired to refer to 
point D on the sine wave at A, we would say "60 degrees". Like- 

wise, point F is 90 degrees,.J is 150 degrees, 0 is 270 degrees, 
Q is 315 degrees end the pomplete cycle consists of 360 degrees. 

In Fig. 5, a lore .representative illustration is given to show 
the degrees in a sine wave. It is'well known that. a circle con- 
sists of 360 degrees. Suppose that the arm OA, -which is equal in 
length to the radius of the circle, has_one end fixed at 0, and is 
revolved in a counter -clockwise direction. The degrees' through 
which the arm passes canes the point A. to be a definite distance 
,show or below the horisontal diameter of the circle. This distance 

corresponds to a definite point on the wine wave which is the -saute 
number,of degrees_'fray the starting point L .A complete revolution 

5 

. 



of the arm OA constitutes a 360 -degree movement and likewise one 

cycle consists of 360 degrees. 
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Fig.5 The rela- 
tion of degrees in 

a sine wave to de- 
grees in a circle. 

4. INSTANTANEOUS AND PEAK VALUES. The instantaneous value of 

an AC current or voltage is the value at some designated instant on 

the sine wave. This instant is always specified in degrees. For 

example, in Fig. 6, the instantaneous value at 22.5 degrees is 13 

volts, the instantaneous value at 135 degrees is 22 volts and the 

4 3 
31 

,14 

_ c 

,j 10 

w 

Fig 6 Calibrated sine wave 
to illustrate the use of in- 
stantaneous ano "peak" values. 

instantaneous value at315 degrees -is -22 volts (opposite direction 

indicated by a minus [-] sign). 

The peak value of an AC voltage or current is the maximum value 

to which it rises on either the positive or the negative alterna- 

tion. In a pure sine wave, the peak value on the positive alter- 

nation is equal to the peak value on the negative alternation. Re- 

ferring again to Fig. 6, the peak value of the AC voltage is30 volts 

at the 90 -degree position (positive alternation) and is again 30 

volts at 270 degrees (negative alternation). The words "peak" and 

"maximum" are both used to designate this highest value to which an 

AC voltage or current rises during either its positive 
or negative 

alternation. 

5. THE AVERAGE VALUE OF AN AC SINE WAVE. Upon inspecting a. 

sine wave, it can he seen that the value of the represented alter- 

nating current or voltage does not remain constant for any length 

of time throughout the entire cycle. An AC current or voltage is 

always changing in value, either increasing from zero to maximum, 

or decreasing from maximum back to zero. The instantaneous values 

throughout the entire cycle are constantly varying. An exception 

to these statements must be made at the peak of the positive alter- 

nation and at the peak of the negative alternation, because at these 

instants, the value will remain unchanged for a small fraction of 

a second. 
The average value of an AC sine wave means the average of all 

the instantaneous values throughout one alternation of the alter- 

nating current or voltage and is equal to .637 times the maximum 

or peak value. The derivation of this constant, .637, can be shown 
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VERAGE 
Degrees Value 

0 0 
10 

10.1 
30 15. 
10 19.3 
SO 23. 
60 26. 
70 28.2 
00 ,29.6 
90 30 

100 29.6 
110 28.2 
120 26. 
130 23. 

340 19.3 
1S0 15. 

'160 10:4 

o a 343.4 

JAW- 19:07 (.04 error)' 
L ' gip- .637 11 

, . .637 x 30.= 19.11 

i 

R.M. S. 
Degrees value Value Squared , 

0 

2Ó 

30 
40 
50 
60 

70 
80 
90 

100 ' 

110 
120 
130 
140 
150 
160 
170 

fota 

0 

5.2 
10.4 
15 

'19.3 
23 - 

26 
28.2 
29.6 
30. 
29.6 
28.2 
26. - 

23 
19.3 
15. 
10:4 

S.2 

8118.18 _ 

0 

27.04 
108..16 
225. 
372.49 
529. 
676. 
795.24 
1176. 
900. 
1176. 
795.24 
676. 
529: 
372.49 
225. 
108.16 
27.04 

8118.18 

451.e1 

41 = 21.23 

14392'.707- 

30 St.' 3707,='2i.21 (.02 ei-rorj 

Fig.7 Derivation of the average! and R.M.S.'values of a pure 
sins wave. . 

graphically by referring to' Fig. 7. In this figure, one cycle of 
an AC current having a peak value of 30 amperes will. be analyzed. 
To secure the average value of the current changes over the positive 
alternation, we shall start with zero degrees. The value. of the . 

current at this instant is zero.' Advancing 10 degrees to the right, ' 

we find the instantaneous value to be 5.2 amperes. At 20r degrees, 
the.instaátaneoes value: is 10.4 amperes, etc. The instantaneous 
vales at 10 -degree intervals from 0 to 170 are shown is the ,chart" 
am' the left, below Fig.;7. At 180 degrees, the AC carrest again - 

zero; however,. this zero value should not ,be included melee- 
letions because, in reality, it is the starting point of e,alts-" 
tive alternatioe. By inspecting the graph, you; will. notice that 
the negative alternation of the AC sine wavd is exactly the sane 
ásthe positive alternation; henos, -if we find the areráge of the' 
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positive alternation, the same will be true for the negative alter- 
nation, so to simplify the calculations, we will consider the posi- 
tive alternation only. 

Add all the instantaneous values secured at the 90 -degree in- 
tervals from 0 to 170 degrees. This is shown to total 343.4! Now, 
to secure the average, or mean value, divide 141.4 by the number of 
instants considered. Counting, we find there are 18 instants. Di- 
viding 141.4 by 18, we obtain 19.07.1 19.11 is the actual average 
value of the positive alternation. If the negative alternation were 
analyzed in a similar manner, it would also be found to have an av- 
erage value of 19.11 amperes. 

We are next interested in finding the ratio of the average 
value to the peak value. If the average is 19.11 and the peak is 
30, the ratio of average to peak is 19.11 _ 30, or .637 (approx.). 
The .637 as found in this manner is the constant which specifies 
the relationship between the average and the peak value of any 
pure sine wave. 

When we know the peak value of any AC voltage or current (true 
sine wave), it is possible to find the average value by multiplying 
the peak value by .637! 

By dividing the peak value of 30 amperes by the average, 19.11, 
we secure the constant, 1.57! This division is exactly opposite to 
the division used to secure the constant .637, so the constant, 1.57, 
expresses the ratio of peak to average value instead of the ratio 
of average to peak value. Hence, if the average value is known, 
the peak value can be found by multiplying the average value by 
1.571 Both of these constants, .637 and 1.57, should be remembered 
because they illustrate the relationship existing between the peak 
and average value in an AC sine wave. 

6. THE R.M.S. VALUE OF AN AC SINE WAVE. The average value 
of an AC sine wave is of little consequence inmost electrical work. 
For practical applications, the "root mean square"", ór "effective" 
value is far more important. The root mean square value is often 
abbreviated with the letters "H.M.S." 

The R.A.S. value of an AC current is defined as that value 
which will produce the sane heating effect as will the same value 
of dtrect current. For instance, in Fig. 8, if one ampere of DC 
current is required to flow through the heating resistor for one 
hour to raise the temperature of the water 10 degrees, then one 
ampere of AC current (expressed in R.H.S. value) passed through the 
resistor for one hour will also raise the temperature of the water 
10 degrees. This "heating effect" comparison between the R.M.S. 
value of an AC current and a DC current has been adopted by general 
agreement. The ampere was used as the unit of measuring direct 
current before alternating currents were employed. When it became 
necessary to measure alternating current values, instead of adopt- 
ing a new unit, it was decided to use the unit "ampere" for AC cur- 
rent measurements and to have it equivalent to the ampere as used 
for DC as closely as possible. The most satisfactory method for 

1 This number is in error by .04, due to graphical inaccuracies. 
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defining the AC ampere in terms of the DC unit was found to be a 

comparison as to their "heating effects".. The above example serves 

to illustrate the comparison and, as stated previously, one ampere 
of AC current will produce the same amount of heat as one ampere 
of DC current, when the current is expressed in its R.M.S. or ef- 

fective value. 
The effective, or R.M.S., value of an AC current 1.3 equal to 

.707 times the peak value when the AC current is in pure sine wave 
form. It will be noticed that the R.M.S. value is slightly higher 
than the average value of an AC sine wave, the average value being 

AC or DC 
voltage 
a 

Fig.e Demonstrating the equivalent 
heating effect of equal values of DC 
and AC current. 

Thermometer 

water 

Resistor 

.637 of the maximum. By a graphical analysis of the sine wave shown 
in Fig. 6, we proved the derivation of the constant, .657, for the 

average value . It is also possible to use this same method to 

prove the derivation of the constant, .707, for the effective or 
R.M.S. value. Since we have previously stated that the unit ampere 
as used for measuring an AC current is based on its heating effect, 
it is necessary to consider the instantaneous power throughout each 
alternation instead of the instantaneous voltage or current values 

alone. 
When a DC current passes through a resistor, the amoi.nt of heat 

(power) generated is found by squaring tie current, then multiply- 
ing by the value of the resistor (I2R La«). Since a DC current re- 
mains at a constant value, the amount of heat generated in a resis- 
tor, due to the passage of a DC current through it, will remain 

constant. If the current passing through the resistor is varied 

in any manner, either increased or decreased, the amount of heat 

generated will change. The change in the heat produced, however, 
will not be in direct proportion to the current change, but rather 
will be proportional to tie square of the current change. This can 

be illustrated by the following example. In Fig. 9 at A, an applied 
voltage of 10 volts is forcing a current of 2 amperes through a 5 - 
oho' resistance. The amount of heat generated in this case will be 
22 x 5 = 20 watts. At B, the applied voltage is increased to 20 

volts, thus forcing twice as much current (4 amperes) through the 
5 -ohm resistance. To calculate the heat generated in the resistance, 
we will apply the I%R Law; 42 x 5 = 80 watts. Notice that the power 
nas been increased four times, whereas the current was only doubled. 
This illustrates that the amount of heat generated in a resistor 
will increase proportional to the square of the current increase, 
because 2' = 4. 
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By uniting the fundamental formula for power and Ohm's Law, it 
is also possible to show that the powet increase in a circuit will . 

be proportional to the square of the voltage increase. This 'is doné 
as follows: 

U 

' -" ; 
I = ,+ 

, 

,.#. 
.. 

/ 
Snbstitntinp-, for I in the power, fórinila M='E x: I, we have: :.' . r á 

c - 

or: - 
R 

fi E_ -r 
From this formula, it can be seen that the power increase in, 

a circuit will be proportional to the square of the voltage increase. 
This may be illustrated with the values given in Fig.'9. - In this 
circuit, the voltage was increased, two times- in order to double the 

FORMULA USED CIRCUIT (AP CIRCUIT (a) 

M = I2R 22 X S = 2OM 112 x 5 = e0M 

M=R2 a2= =2OM 189.2 = BOU. 

W = EX 10 X 2 = 2OM 20 X a = .0011. 

d 

Fig., Circuit to -illustrate- the relat_idnship between current, ' 

voltage and power. - _ 
- 

current (the resistance in the circuit remained' constant) . ' The re -r 
suiting power increase was four times+; hence, doubling the applied v 

voltage increased the power four times. 'If the power increased 4 ,A 

tines when the voltage was only doubled; it is apparent that the 

power increase in a circuit is proportional to the square of the 'i 1 

voltage increase. , 

It is also shown in Fig. 9 -that when the forinla W = E x I is - 

used, the power will be four times greater in circuit B than in eir ' 

cuit A. - 
- 'II 

In these examples, it was assiured that the current and voltage `, 

wereincreased. It is also true that if the current passing -through ,II a circuit, or if the voltage applied to a circuit is decreased, the ; 
power decrease will be proportional to the square of the current 1'' - 

4; 

or voltage decrease. Every change of current. or voltage in a cir- i 
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cuit will cause a change to occur in the power which is proportion- 
al to the square of 'the current or voltage change. 

Having learned that the power in any AC circuit depends on 
the squared values of the current -or voltage let us return to 

Fig. 7 and proceed to' derive the constant, .7011 The. chart on the 
right beneath the sine wave shows the degrees (at 10 -degree inter- 

vals) over one alternation; the instantaneous values corresponding 
to' these degrees and the instantaneous values squared. It is de- 
sired to find the value of this current which will be just as ef- 
fective in producing heat as a corresponding value of DC. current.. 
To do this, find the average of the squared values, then extract 
the square riot. The total of the instantaneous squared values is 
8,118.18 and the average is this number divided by 18 (number of 
instants). According to the chart, this average of the squared. 
(mean square) values is 451.011 Extracting the square root of this 
number, gives 21.231 This 21.23 is the square root of the aver- 
age of the squared values, or as it is often called, the "root mean 
square" value (abbreviated R.M.S.). This means that if the peak 
value of an AC current is 30 amperes. it will have exactly the same 
effect in producing heat as 21.23 amperes of DC current. If 21.23 
is the R.M.S.. value when the peak value is 30, the ratio of 21.23 
to 30" will give a constant which will express the relationship be- 
tween the R.M.S. value and the peak value for any pure sine wave. 
Dividing 21.23 by 30, the constant .707 is obtained. Due to the 
fact -that only 18 instants were considered and due 'to'the inaccura- 
cy of a graphical solution, some of the values given in this der- 
ivation are slightly incorrect; however, for all practical purposes 
the R.Y.S. value of a pure sine wave is definitely accepted as .707 
of the peak value.' 

An AC voltmeter is always calibrated to read the effective or. 
R.M.S. value of the AC voltage when, it is placed across an AC cir- 
cuit.' Likewise, an AC current meter is always calibrated to. read 
the effective or R.M.S. value. If the average or peak value is de-. 
sired, it will be necessary to measure the R.M.S. value with a 
meter, then use -the necessary conversion factors. 

The conversion 'factor or constant to be used to find the peak 
'value of an AC current or voltage when the R.X.S. 'value is known 

is 1.4141 This, dumber is the square root of 2 and it can "be re- 
membered as 4 if the student finds it easier. If the R.M.S. value 
of a pure sine wave is measured to be 21.23 amperes the peak val- 

ue is found by multiplying 21.23 by 1.414; thus, 11.23 x 1.414 = 

30' eyes (approx.). 
The conversion factors given in the preceding paragraphs are 

tabulated to facilitate their use: 

Peak or Maximum Value = 1.414 x R.I.S. or Effective Value 
R.X.S.. or Effective Value = .707 x Peak or Maximum Value 

Average Value = .637 x Peak or Maximum Value 
,Peak or Maximum Value = 1.57 x Average Value 

This statement does not apply tovacuum tube voltmeters. Most Y. T. vo)tmeters 

. read the peak value. 
c 
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Also, by simple mathematics: 

Average Value = .901 x R.M.S. Value 

R.Y.S. Value = 1.11 x Aueraée Value 

The following problems illustrate the use of these conversion 
factors. 

Problem 1: By connecting an AC voltmeter across a power supply 
line, it is found to read 110 volts. What is tle peak voltage 
across the AC line? 

Solution: 71íe 110 volts read on the meter is the R.M.S. or ef- 

fective value of the line voltage. In order to fine the peak volt- 

age across the line, the effective value, 110, must be multiplied by 

the factor, 1.414! Multiplying, we have 110 x 1.414 = 155.54 volts. 

Problem 2: The current flowing through an AC circuit is meas- 
ured and found to be 30 ma. What is the peak value of the AC cur- 

rent? 

Solution: If the AC meter is reading 30 ma., the peak current 

flowing through the circuit will he 30 x 1.414 = 42.42 ma. 

Problem 3: A mica condenser has a voltage breakdown rating of 
500 volts DC. What is tie maximum R.M.S. AC voltage which may be 

applied across the condenser without breaking it dawn? 

Solution: Since a peak voltage of over 500 volts will damage 

the condenser, the R.M.S. value of this peak voltage will be 500 x 

.707 = 353.5 volts. An R.M.S. voltage higher than ;50.5 would have 

a peak value over 500 volts, which would damage the condenser. 

Problem 4: If the measured voltage of an AC line is 115 volts, 

what is the average value? 

Solution: The measured voltage is115 volts; this is the R.M.S. 
value. To find the average value, multiply 115 by .901! This equals 

103.61 volts. 
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Fig.10 Illustrat- 
ing the relation of 
degrees to time. 

7. LEADING AND LAGGING VALUES. In alternating current cir- 

cuits, degrees are always used to denote the lapse of time. In 

Fig. 10, the point on the AC sine wave at 270 degrees occurs a frac- 

tion of a second later than the point or the same sine wave at 120 

degrees. The actual lapse of time in seconds depends upon the fre- 

quency of the AC current or voltage represented by the sine wave. 
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The lapse oftime between two points on any sine wave is specified 
in degrees rather than the actual part of a second merely for.con- 
venience. If the sine wave shown_ in Fig. 10 represents an alter- 
nating voltage or current of one cycle per second, the'lapse of 
time between 90 degrees and 270 degrees would be one-half- of á 
second, because 270 - 90 = 180 degrees and 180 degrees is one-half 
of a cycle. Likewise, the lapse of time from 0 to 90 degrees would 
be one-fourth of a second and the time from 240 degrees to 360 de- 
grees would be one-third of a second, etc. 

- The words "leading" or "lead". and "lagging" or "lag" are com- 
monly used when speaking of AC circuits. In all instances, these 
words are used as a reference to time. In an AC circuit, it is pos- 
sible for the current to be passing through the sane electrical de- 
gree in the same direction as the applied voltage; in which case, 
mil -rent would be said to be "in phase" with the applied voltage. 
It ';is also possible for the current to "lead" or to" "lag" the 'ap- m1m 

E ::óm i mla m DZooJo II m D0,111 mm 
Fí9.11' Current is in phase isÓyóóói I ó 'áói with the applied voltage. oo [21, m 

LE] E WOW, 
E I a'rr07I 

0 90° tea° 270° 360° 

plied voltage, depending upon the electrical constants in the AC 
circuit. When it is said that the current is"leading" the volt- 
age, the significance of the statement isthat the current reaches 
its maximum value on each alternation before the applied voltage 
reaches its maximum value. The -lapse of time between the instant 
when the current is maximum and the instant when. the voltage is 
maximum is specified in degrees. Bear in mind that the degree is 
merely -a ílthod of -denoting relative time in en AC circuit. Like- 

PITEUEEEEEEEEMEL 

nowno F19.,í2 Current is tagging aS0 r n0nnom 
o 

SUa u 4111151511, m a. 
w-EIL5o d 

o 9oA 1e0v 27óo Iwo 

wise, if the statement 'was 'made. that the current flowing through 
en AC circuit is "lagging" the voltage to the -AC circuit, 
the significance of the statement is that the voltage applied to 
the circuit attains its maximum value before the current flowing 
through the circuit reaches.maximum. In this case it will also 
be correct to say that "the voltage is leading the current", and 
the statement would. have the sane' meaning as "the current is lag- 
ging". 

By general agreement, it has become common practicó to always 

behind the applled voltage. 
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specify Lie position of the current in an AC circuit with refer- 
ence to the voltage. L, other words, it is seldom said that the 
voltage is "leading".or"lag¿ring" the current; but, rather, the cur- 
rent is said to be "lagging" or "leading" the voltage. For example, 
in Fig. 11 it will be noted that tLP AC voltage applied to the cir- 
cuit and the AC current flowing through the circuit are starting 
from zero at the same time, attaining their maximum value of the 

positive alternation at the same time, completing the first alter- 
nation at the same time, etc., throughout the entire cycle. In 

this case, the current is said to be "in phase" with the applied 
voltage. 

In Fig. 12 it will he noticed that the current starts from zero 
on its positive alternation 45 degrees after the voltage starts from 
zero. To maintain this condition, the frequency of the current must 
be the same as the- frequency of the applied voltage. If the elec- 
trical characteristics of the circuit remain constant, the current 
will always lag behind the applied voltage the same number of degrees. 
With the voltage as a reference, the current is said to be lagging 
the applied voltage 45 degrees. In a single phase' AC circuit, it 

is possible to produce a current lag of nearly 90 degrees (never 
more than 90 degrees) behind the applied voltage. 

In Fig. 13, the diagram shows that the current is 45 degrees 
ahead of the applied voltage. Of course, it is impossible for cur- 

.011111111.. 

us° 

0 900 180° 2700 3600 

Fig.13 Current is leading the 
applied voltage as-. 

rent to start flowing through any circuit before the voltage is ap- 
plied, but by certain electrical characteristics the current may he 

made to lead the applied voltage after the switch in the circuit is 

closed and a few cycles have been completed. The electrical char- 
acteristics of the circuit are such that the voltage is caused to 

drop behind the current, or in other words the current is caused 
to lead the applied voltage. Instead of saying a "voltage lag" the 
expression always used is a "current lead". In Pig. 13, the cur- 
rent is leading the applied voltage 45 degrees. It is possible to 
produce a current lead in a single phase AC circuit nearly equal to 

90 degrees, but the current lead can never be greater than 90 de- 

grees. 

8. SINE WAVES IN PHASE. In Fig. 14, the 60 -cycle AC genera- 
tor marked A is applied across the resistance R. Assuming that the 

' All of the AC circuits discussed in this lesson are 'single phase'. Later les- 
sons will give information on "polyphase' circuits. 
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peak voltage output of the generator is 100 volts, the R.M.6': value 
of the voltage will be 70.7 volts.. 

Fig.ls ' The output -of the 60-'. 
cycle AC. generator (A) la loo 
volts pick. 

Now suppose'that-another generator is connected in series in 
the same circuit as shown in Fig, 15. This generator is marked B 
and has the same frequency as generator A; that is, 60 cycles. The 
peak voltage output of generator B; however, is only 80 volts. Let 
us assume that'upoi connecting the series generátor B -in the cir- 
cuit, we nade the necessary adjustments so that the voltage output 

Flg.15 The peak Joitage out- 
put of generator A Is 100 volts 
and the peak voltage output of 
generator B Is o volts. 

of generator B was directly in phase with generator A: The process 
of adjusting two generators possessing the same frequency so that 
their voltage outputs are directly in phase with each other is called 
"synchronizing" the generators. , 

When the generators have been synchronized, let ,us see what 
the total voltageacross the resistance R will be. 

To understand how these voltages combine, refer -to the graph 
shown, in Fig, 16. , The 100 -volt output of generator A is shown by 
the curve marked A and the 80 -volt output of the generator B is 

F14:14 Illustrating that volt- 
ages directly in phase Mith each 
other will add together. Result- 

- ant voltage ,is eoual to the sum. 
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shown by -the curve'marked B. It will be noticed that the sine wave 
is directly in phase with the sine wave B.: These two sine waves 

shouli be drawn .in phase with each other because we assumed that 
when ooaneoting generator B in the circuit, it wes synchronized or 

.'pat in.step with ggeennerator A. 
The total voltage -produced across the resistanceR at every 

instant.oán now be found by adding the instantaneous voltages pro - 
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duced by A and B. Thus, at 30 degrees, the instantaneous voltage 

of generator A is 50 volts and the instantáneous voltage of genér- 

ator B is 40 volts. Adding, the total voltage is approximately 90 

volts. At 90 degrees the voltage output of generator A is 100 volts 

and the voltage output of generator B is 80 volts. Adding these, 

we find the total voltage at that instant to be 180 volts' Corres- 

ponding values of the total voltage can be secured throughout the 

entire cycle by adding the instantaneous values of the two genera- 

tors. 
From this, the statement may be made that when two voltages 

in series are in phase with each other, the resultant total voltage 

will be equal to the sum of the two voltages. 

9. SINE WAVES OUT OF PHASE. Referring again to Fig. 15, let 

us assume that generator B was not properly synchronized with gener- 

ator A before it was connected in the circuit. In this case,. the 

voltage output of A is not in phase with the voltage output of .B 

and the resultant total voltage is not equal to 180 volts. In Fig. 

17, the voltage output of generator A is indicated by the curve 
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Fig.11 Illustrating the re- 
sultant voltage obtained when 
two AC voltages are not exact- 
ly in phase. 

marked A and the voltage output of generator B is shown by the 

curve marked B. Notice that the two generators are not attaining 

their maximum values nor crossing the zero axis at the same time. 

A 60 -degree phase difference* exists between the two voltages. To. 

determine'the voltage resulting fro.' these two "out of phase" volt- 

ages, we will again add the instantaneous values to determine the 

points through -which the resultant curve (marked C) must pass. At 

30,degrees, voltage B is 40 volts and voltage A is 100 volts. The 

resultant voltage at that instant will be 140 volts. At 60 degrees, 

the voltage of generator B is 69.3 volts and the voltage of'gener- 

ator A is 86.6 volts. Adding these two voltages, we have the re- 

sultant voltage of 155.9 volts. Notice that this particular value 

for'the resultant voltage is -nearly the highest voltage obtained. 

(The actual peak is 156.2 volts.). This is somewhat less than the 

180 volts which was secured when the two voltages were in phase 

with each'other. The resultant voltage. has a value of zero when 

voltage A and voltage B are exactly equal but opposite in direction. 
This is seen to be approximately 146.3 degrees. At the instant 

designated_ by 146.3 degrees, voltage A is -44:3 volts Ind voltage tV 

B is +44.3 volts. Adding +44.3 to -44.3, the sui is zero. ' 
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From this eple, it can be seen that when two AC voltages 
in series- are `applied to the same circuit' and differ' in phase, 
the resultant voltage produced in the circuit will be somewhat less 
than the voltage produced, when the two voltages are in phase with 
each other. The exact amount of voltage reduction depends entire- 
ly upon the phase difference between the two voltages. 

It the two voltages were 180 degrees out of phase'', the result- 
ant voltage across the circuit would vary as shown by the graph in 
Fig. 18. -In this graph, the voltage output of generator .A is rep - 
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resented by sine wave A and the voltage' output of generator B is 
represented by the sine wave B. Again adding the instantaneous 
values, we obtain a resultant voltage as represented by the sine 
wave C. Studying Fig. 18, it is seen that as the voltage of the 
generator A is increasing in the positive direction, the voltage 
of generator B is increasing in the negative direction. This means 
that the two voltages are bucking against each other. The extent 
of this cancellation depends entirely upon the instantaneous values 
of `the .two voltages. For example, at 30 degrees, .the value of volt- 
age A is 50 volts in the positive direction and the value of voltage 
B is 40. volts in the negative direction. The resultant voltage is 
equal to the algebraic` sum of the two. Adding +50 to -40, we ob- 
tain +10 Volts. Again, at 90 degrees, the instantaneous value of 
voltage A is 100 volts in the positive direction and the instantaneous - 
value of voltage B is 80 volts in the negative direction. Addis 
+100 to -80, we obtain a'value óf +20 volts for the resultant volt -- 
age. The negative alternation is treated in a similar manner. - 

From this example it can be seen that when two voltages are 
exactly 180 degrees out of phase with each other and applied to the 
sane circuit, the resultant voltage across the circuit ,will be equal 
to the difference between the two voltages. If' the two voltages 
were equal in peak value, a complete cancellation would' occur and 
the resultant voltage across the circuit would be zero. 

s It is possible for two voltages or two currents to be 100 degrees out of phase 
with each other, but a voltage and a current Impelled by that. voltage can never be more 
then 90 degrees out of phase with each.other. 
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Summarizing this information, we have found that: 

When two AC voltaes or currents are exactly in phase 
with each other, the voltage or current resulting from this 
combination will he equal to the sum. 

If two AC voltages or currents are exactly out of phase 
with each other (180 degrees), the resultant value of the AC 
voltage or current will be equal to the difference. If they 
are exactly equal in peak value, a complete cancellation will 
occur and the resultant will be equal to zero. 

If two AC voltages or currents differ in phase by some 
degree between zero and 180, the resultant voltage or current 
will he less than the sum of the two and greater than the 
difference between the two. The exact value will depend an- 
on the extent of the Phase difference. 

A mathematical solution is Possible for determining the value 
for the resultant voltage instead of a graphical solution; however, 
such calculations involve the use of higher mathematics. 

100 -Volt 
60 -Cycle 
AC Gen. 

(A) 

100 V. 

i 

(};) 

Iltqrees 

Fig.19' (A) Pure resistance in an AC Circuit. 
(A) Current is in phase with the applied voltage. 

10. PURE RESISTANCE IN AN AC CIRCUIT. In Fig. 19, the 100 - 
volt output of a 60 -cycle AC generator is shown applied across a 
1,000 -ohm resistor. If the 1,000 -ohm resistance does not have any 
inluctive or capacitive effects, the current which passes through 
the AC circuit will he in direct accordance with Ohm's Law and can 
be calculated by the formula: 

I - 

= 100 volts 
1000 ohms 

= .1 ampere 

A diagram illustrating the phase relation between the applied volt- 
age and the current passing through the resistor is shown at II in 

Fig. 19. Notice that at every instant, the current increases as 
the voltage increases and the current decreases as the voltage de- 
creases. The current and voltage reverse direction at the same time 
(180 degrees) and both the current and voltage complete the cycle 
at exactly the same time. When only pure resistance is contained 
in an AC circuit, the current flowing through the circuit is direct- 
ly in phase with the applied voltage. 

18 



t 

1 . 

The oyposition offered to the passage of the AC current through 

a pure resistance circuit consists only -of the physical properties 
of the 1,000 -ohm resistor. As stated previously, this type of op- 

position is often called "ohmic" or "frictional" resistance. - 

Power will be dissipated. in the form of heat when the alter- 

nating current passes through- the' resistance: This power cal be 

calculated by direct application of. the I2R Law: The number of 

watts dissipated in the form ofheat in this-partioular,example 

will be: 

W 

= ;.12x1000_ 

`. = .p1 x 1000 

=. 10 watts 

'All these statements are true only when's,' pure resistance' is 

contained in thé AC circuit. - If there are. any inductive or capaci- 

tive effects in the circuit, the above statementswill not be true 

and the current flowing through.the circuit, as well as the power 

`dissipated ín the circuit, cannot be calculated by the methods just 

given. 

' Degrees 

. 

(B) . 

Fig.20 (A)Pure inductance Pn an AC circuit. 
(B) Current .is lagging applied voltege '90°. ,.' 

11. INDUCTANCE IN AN AC.CIRCUIT. The circuit shown at A, Fig. 

20 shows the 100 -volt,, 60 -cycle generator connected across á' pure 

inductance. It is called "pure" -because we'are assuming that the 

coil has no resistance and there are no capacitive effects between 

the coil turns. Of course, it would be impossible to cónstruct such 

a mail; 'because all coil windings' consist of conductors and all con- 
ductors have resistance. This theoretical coil is being Considered 

only for, the purpose 'of explanation and -'it should be understood 

that such a piece. of apparatus- is''notpossible.from apractical 
standpoint. ' 

Assuming.that the inductive' reactance of thisscoil is' 1,000 - 

ohms, the current flowing through the coil can,be.found by substi-,' 
-tinting Ii. ''for R. in Ohm's Law. Thus:'' .' ' ' . . , 

. 

, 'I `- - `' l ' ¡''.,". 
1 - ,. 
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The current which passes through a pure inductance will not 

be in phase with the applied voltage, but rather will lag behind 

the applied voltage 90 degrees.. 

Assuming that there is no resistance in the circuit shown at 

A, Fig. 20, the opposition offered to the passage of the alternat- 

ing current through the circuit is due entirely to the inductive 

reactance of the coil. In Lesson 10 we learned that when a chang- 

ing current passes through a coil, a counter voltage will be in- 

duced within the coil and that this self-induced counter voltage 

always opposes any change in the current. Since the current pass- 

ing through the coil in Fig. 20 is an alternating current, every 

change of the alternating current will cause a counter voltage to 

be induced within the coil. When the current is rising, the self- 

induced counter voltage within the coil attempts to prevent the 

rise, thus causing the current to attain its maximum value later 

than the applied voltage. As a result, the current increase through 

the coil will lag behind the voltage increase during the time elaps- 

ing from zero to 90 degrees. From 90 to 180 degrees, the applied 

voltage is decreasing. As the current attempts to fall, the count- 

er voltage of self-induction opposes the decrease and tends to main- 

tain the current above zero. As a result, the current decrease 

will lag behind the voltage decrease from 90 to 180 degrees. 
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12. WHY THE CURRENT LAG IN APURE INDUCTIVE CIRCUIT IS 90 DE- 
GREES. If it were not for the self-induced counter voltage within 

the coil, this current lag behind the applied voltage would not oc- 
cur. In Fig. 19, where the only opposition in the circuit was pure 

resistance, the current and voltage were directly in phase with each 

other. Due to the complete absence of resistance and the presence 

of nothing except inductive reactance in Fig. 20, the current is 

caused to lag 90 degrees behind the applied voltage. Let us see 

why the counter voltage produced in a pure inductance causes the 

90 -degree phase difference between the current and voltage. First, 

we must learn what is meant by the expression "rate of change". 

The single sine wave shown in Fig. 21 will be used to illus- 

trate "rate of change". The rate of current change is defined as 
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"the change in amperes per degree". By inspection, it is apparent 
that the instantaneous value of the current is constantly changing. 
The change from zero to 30 degrees is 50 amperes, the change from 

30 to 60 degrees is approximately 37 amperes and the change from 60 
to 90 degrees is approximately 13 amperes. It will be noticed that 

as the current progresses from 0 to 90 degrees, the change in amp- 
eres per degree is gradually decreasing. Upon reaching 90 degrees, 
the instantaneous rate of change is zero, which means that for the 

small fraction of a.second elapsing at the peak of the positive al- 
ternation, the current remains steady. After passing 90 degrees, 
the current begins decreasing slowly at first, then gradually gains 
speed during. each succeeding degree. Upon reaching 180 degrees, 
the current is changing in value at a very rapid rate. The great- 
est rate of current change occurs at 180 degrees and 0 degrees. To 
illustrate, during the 10 -degree interval from 0 to 10 degrees, the 

current changes from 0 to 17.4 amperes, and during the 10 -degree 
interval from 90 to 100 degrees, the current changes from 100 amperes 
to 98.5 amperes. The total current change from 90 to 100 degrees 
is 1.5 amperes and the change from 0 to 10 degrees is 17.4 amperes. 
Since an equal number of degrees was considered in each case, upon 
dividing 17.4 by 1.5, it is found that the current changes 11.6 
times as fast (as an average) when it is near 0 than it does when 

it'is near 90 degrees. Hence, the rate of current change (change 

in amperes per degree) is fastest when the current is passing 
through zero and slowest when the current is passing through the 
peak of the positive alternation. These same statements apply to 
the negative alternation. 

One of the fundamental laws of induction states: The strength 
of an induced voltage depends upon the speed of the magnetic field 
chante. Since the magnetic field around a coil winding depends 
upon the current and, since any current change will cause a cor- 
responding magnetic field change, it follows that the magnetic 
field around a coil will be changing fastest when the current is 

passing through zero and will be changing slowest when the current 
is passing through its maximum amplitude on either the positive or 
negative alternation. Having previously learned that the self-in- 
duced voltage depends on the speed of the magnetic field changes, 
we now conclude that the counter voltage generated within a coil 
will be maximum when the current is passing through zero and that 
the self-induced counter voltage will be zeró when the current is 

at its peak value on the positive or negative alternations. 
A counter voltage produced by self-induction to a cotl will 

always lag 90 degrees behind the current passing through the cotl. 

The preceding example, wherein it was illustrated that the counter 
voltage depends upon the rate of current change, should be suffi- 

cient to prove this fact. Reference to Fig. 22 will show the rela- 
tionship between the applied voltage, the current and the counter 
voltage in a coil when the resistance of the coil is zero. With 
zero resistance, the counter voltage will always be exactly 180 de- 
grees out of phase with the applied voltage; that is, the counter 
voltage will be bucking against or opposing the effect of the ap- 
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plied voltage at every instant 1 Also, since the counter voltage 

lags 90 degrees behind the current passing through the coil, it 

follows that the current through a pure inductance always lags 90 

degrees behind the applied voltage. Bear in mind that the coil 

must not have any resistance or capacitive effects for these state- 

ments to be true. 

Applied voltage 
A Current Counter voltage 

% 

Fig.22 Illustrating the re- 
lationship between the applied 
voltage, the current and the 
counter voltage when pure in- 
ductance is present in an AC 
circuit. 

The insertion of resistance in series with a coil has the ef- 

fect of decreasing the phase difference between the applied volt- 

age and the cou. er voltage. For example, if a certain value of 

resistance were inserted in series with the coil shown at A in Fig. 

20, the counter voltage would be less than 180 degrees out of phase 

with the applied voltage. Since the counter voltage always lags 

the current passing through the coil by 90 degrees, this will cause 

the phase difference betweep the applied voltage and the current 

passing through the coil to be less than 90 degrees. Adding more 

resistance in series with the coil will decrease the phase differ- 

ence still further between the counter voltage and the applied volt- 

age, thus moving the current more nearly in phase with the applied 
voltage. If a sufficiently high resistance were inserted in series 
with A in Fig. 20, the effect of the inductance would be almost 

entirely overcome and the current flowing through the circuit world 
he nearly in phase with the applied voltage. Taking the inductance 

out entirely and leaving only the pure resistance in the circuit 
would allow the current to be directly in phase with the applied 
voltage and the circuit would perform according to the facts stated 

in Section 10 of this lesson. 
Since the current passing through an AC circuit containing a 

coil is never in phase with the applied voltage, the power cannot 

be calculated as though pure resistance alone were in the circuit. 

To calculate the power in this type of AC circuit, it is necessary 

to take "the power factor" into consideration. The method of de- 
termining the power factor will be discussed later in this lesson. 

13. CAPACITANCE IN AN AC CIRCUIT. A condenser, as previously 
explained, functions in an electrical circuit as though it were a 

"storage house" for electricity. A voltage impressed across a con- 
denser will cause the condenser to become charged. A charged con - 

1 This fact is a direct application of Lenz's Law. 
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denser has a quantity of electricity (coulombs) stored within it. 
Upbu discharge, the condenser releases this stored energy back into 
the circuit. This "storage" action óf a condenser is the important 

electrical function of it and, in all cases when a condenser is in- 

serted in an electrical circuit, its purpose will be to store and 

expend electrical energy as the voltage across it varies. 

A brief review of the action of, a condenser in an AC circuit 

is advisable at this time. Referring to A in Fig. 23, when brush 

1 of the generator is positive and brush 2 negative, current will 

be forced into the lower plate B of the condenser and drawn from 

the upper plate A. The condenser will become charged to the peak 
voltage of the generator when a sufficient amount 'of current has 

passed from A to B. This is 100 volts. Now as the applied volt- 

age decreases, the -condenser discharges and current flows from plate 
B around through the generator to plate A. The amount of current 
which flows during the charge and discharge depends upon the rate 

of the voltage change. In Fig. 21, the "rate of current change" 

was illustrated. 'It was found that the current changed most rapidly 
when passing through zero and changed slowest when at the peak of 

the alternation. The same is true with an AC voltage. An AC volt- 

age is changing slowest at its maximum amplitude and changing fast- 
est as it passes through zero (0, 180 and 360 degrees). - 

\ 
.1 Amp. 

1°0 -Volt 
60 -Cycle 
AC Gen. 

(A) 

Fig.23 
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(A) Pure capacity in an AC circuit. 
(B1 Current is leading the applied voltage 90°. 

The amount of AC current effectively flowing through a conden- 
ser depends upon the rate of voltage change when the condenser is 

charging and when it is discharging; hence, the current will be 

zero when the voltage is maximum, because at this instant there is 

no voltage change. Likewise, the current will be maximum when the 
applied voltage is passing through zero, because it this instant 

the voltage is passing through its greatest rate of change. It 

follows that: In a pure capacittue circuit (one containing no,tn- 
ductance or resistance), the current will be 90 degrees out of phase 
with the applied voltage. 

In enure inductive circuit, the current lags the applied volt- 
age 90° due to the opposition offered by the counter voltage to the 
current changes. In a circuit containing a condenser, the capao- 
itive reactance causes an opposition to the voltage changes across 
the condenser. In a pure capacitive circuit, the opposition of- 
fered to these voltage changes causes the voltage to lag 90 de- 
grees behind the current flowing through the circuit. This state - 
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ment is the same as: Inc pure capacitive ctrcutt, the current will 
be leading the applied voltage 90 degrees. 

The phase relations in a pure inductive and in apure capacitive 
circuit should be carefully studied and remembered. It will be no- 
ticed that inductance and capacitance produce exactly opposite ef- 

fects on the phase difference between the current flowing through 

the circuit and the applied voltage. Whereas pure inductance causes 

a 90 -degree current lag, pure capacitance causes a 90 -degree current 
lead. A sine wave illustrating the phase difference between the ap- 
plied voltage and current flowing through a pure capacitive circuit 
is shown at B in Fig. 23. This illustration should be compared with 
B in Fig. 20 and the difference between the position of the current 
with respect to the voltage should be noticed. 

When discussing the pure inductive circuit, it was stated that 
the circuit will always have a certain amount of resistance because 
the coil winding is composed of conductors; hence, it is impossible 
in practical circuits to ever secure a current lag of exactly 90 
degrees. This same is true in a capacitive circuit. The plates of 
the condenser offer a slight resistance to current flow and the 

connecting wires from the condenser to the generator also possess 
resistance. Since a slight amount of resistance will always be 
present in any capacitive circuit, it is impossible to secure an 
exact 90 -degree current lead. It is possible to approach the 90 - 
degree limit much more closely in a capacitive circuit than in an 
inductive circuit, because the slight amount of resistance due to 

the connecting wires and the resistance of the condenser plates is 

nearly negligible. 
The counter voltage and applied voltage in a pure inductive cir- 

cuit were shown to be exactly 180 degrees out of phase. The same 
is true in apure capacitive circuit; that is, the counter voltage, 

due to the back pressure exerted by the charging and discharging 
condenser, will always be 180 degrees out of phase with the applied 
voltage if the circuit contains nothing but pure capacity. The in- 

sertion of resistance in series with a capacitive circuit tends to 
reduce the phase displacement between the applied voltage and the 
counter voltage to somewhat less than 180 degrees. Since the coun- 
ter voltage in a capacitive circuit always leads the current by 90 
degrees, the phase difference between the applied voltage and the 

current will be somewhat less than 90 degrees when resistance is 

inserted. 

14. RESISTANCE, INDUCTANCE AND CAPACITANCE IN AN AC CIRCUIT. 
Since resistance, inductance and capacitance all have different ef- 
fects on the phase displacement between the applied voltage and the 
current, let us see what the combined effects will be when all three 
of these are introduced into the same electrical circuit. If the 

inductive reactance in the circuit is predominating over the capac- 
itive reactance in the circuit, the effect of the inductance (which 

is to cause a current lag) will be greater than the effect of the 

capacitance (which is to cause acurrent lead). The result will be 
that the current flowing through the circuit will be lagging the 
applied voltage. Similarly, if the capacitive reactance is higher 
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than the inductive reactance, the current flowing through the cir- 
cuit will be leading the applied voltage. It is to be understood 

that the relative effects of inductance and capacitance are deter- 
mined by their relative reactances. 

When the reactance of the condenser in a circuit happens to be 
equal to the reactance of the coil (XL = Xc), the effect of one will 

cancel the effect of the other; then only the pure resistance in 

the circuit will oppose the current passing through the circuit. 

If resistance alone is offering opposition, the current will he di- 
rectly in phase with the applied voltage and the relationship as 
expressed by Ohm's Law (I = E _ R) will be true. As long as there 
are reactive effects in the circuit in addition to the resistance, 
Ohm's Law cannot be applied directly in this form because of the 
difference in nature between the opposition offered by a resistance 
and the opposition offered by either an inductance or capacitance. 

Fig.26 AC circuit containing 
inductance, capacitance and re- 
sistance. 

50001d 

110 -Volt 

60 -Cycle 
AC Gen. 

20 H. 

-I 
a rnfd. 

This information can be more firmly fixed in mind by working 
out an example. Fig. 24 shows an AC circuit containing an induc- 

tance of 20 henries, a capacity of 8 microfarads and a 5,000 -ohm 
resistance. The frequency of the voltage applied to ;his cir- 
cuit is 60 cycles. First calculating the inductive reactance of 

the 20 -henry coil, we have: 

Xi = 6.28xFxL 
= 6.28 x 60 x 20 

= 7,536 ohms. 

Calculating the capacitive reactance of the condenser, we have: 

Xc = 1 
6.28xFxC 

1 
b.28 x 60 x .000008 

= 331.7 ohms 

Now since the 7,536 ohms of inductive reactance are tending to 
cause a current /al through the circuit and the 331.7 ohms capaci- 
tive reactance are tending to cause acurrent lead through the cir- 
cuit, it is quite obvious that the greater magnitude of the induc- 
tive'reactance will overcame the effect of the capacitive reactance 
resulting in the current through the circuit lagging behind the ap- 
plied voltage. 
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In the aforementioned circuit, if the siie of the series con- 
denser is decreased, its reactance will become greater and the cap- 
acitive reactance will more nearly equal the inductive reactance. 
Suppose, for example, that the size of the condenser is reduced un- 
til the capacitive reactance of the condenser is 7,536 ohms. By 
calculating the capacitive reactance of a .35 microfarad condenser 
at a frequency of 60 cycles, it will be found very close to 7,536. 
When the capacitive reactance in the circuit is made equal to the 
inductive reactance, the effect of the capacitance, which tends to 
cause acurrent lead, will be equal to the effect of the inductance, 
which tends to cause acurrent lag. Since they are both equal (and 
opposite), the result will be that the current flows directly in 
phase with the applied voltage and only the 5,000 -ohm resistance in 
the circuit will oppose the flow of current. 

The condition of an electrical circuit, wherein the reactances 
of the inductance and capacitance are made equal to each other, is 
commonly known as "resonance". The importance of "resonance" will 
be discussed fully in succeeding lessons where applications are nec- 
essary. 

Continuing with the circuit shown in Fig. 24, if the size of 
the condenser is decreased to a value less than .35 microfarads, 
the capacitive reactance in the circuit would be greater than the 
inductive reactance. With capacitive reactance predominating, the 
current flowing through the circuit will lead the applied voltage. 
Further calculations involving Fig. 24 will be continued later in 
this lesson. 

Summarizing the foregoing information, the important facts to 
be remembered are: 

1. Resistance in an AC circuit causes no phase displacement 
between the applied voltage and the current flowing through the 
circuit. 

2. When inductive reactance is predominating roan AC circuit, 
the current will lag behind the applied voltage. 

3. When capacitive reactance is predominating in an AC circuit, 
the current will Lead the applied uoitage. 

15. IMPEDANCE. In some of the previous discussions, we have 
made the statement that Ohm's Law (I = E = R) cannot be applied 
directly to an alternating current circuit, when there is a predom- 
inance of inductive reactance or capacity reactance in the circuit. 
The reason for this statement is that the resistance (frictional or 
ohmic resistance) is not the only opposition offered to the passage 
of current through a circuit wherein inductance or capacitance ex- 
ists. The reactive effects of the inductance and capacitance must 
be taken into consideration as well as the ohmic resistance. When 
an electrical circuit contains: 

1. Inductance and resistance; 
2. Capacitance and resistance; or 
3. Inductance, capacitance and resistance; 

it is necessary to combine these different forms of opposition in 
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order to find the total opposition which will be offered to the pas- 
sage of current through the circuit. This total opposition offered 
by reactance and resistance to the flow of an alternating or chang- 
ing current is called impedance.) The word "impedance" is a col- 
lective term, meaning that it takes into consideration all of the 

opposition contained in the circuit. 

At first thought it might be assumed that the impedance can 

be found by computing the sum ofthe resistance and the reactances. 
This is a misapprehension and a little reasoning will make it very 

apparent. The effect of either inductive or capacitive reactance 
is to displace the current 90 degrees from the applied voltage; 

whereas, the effect of resistance is to keep the current in phase 

with the applied voltage. The reactance (capacitive or inductive) 

and resistance are not in phase with each other, insofar as they 

oppose the current; hence, it is quite otvious that they cannot 
be added directly to obtain the impedance. Instead of adding dir- 
ectly, it is necessary to consider them as two forces acting at 
right angles to each other. According to one of the fundamental 

physical laws: when two forces are acting at right angles to each 

other, the resultant force will be equal to the square root of the 
sum of the squares of the two forces. This can be expressed as 
follows: 

Resultant Force = 
if (First Force)2 + (Second Force)2 

The triangle shown in Fig. 25 is generally used to represent this 
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Fig.25 Triangle illustrating 
the calculation of impedance. Ñ 
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relation. From the study of high school geometry, the student will 

recall the Pythagorean Theorem. This theorem states: The hypote- 

nuse of a right-angle triangle is equal to the square root of the 

sum of the squares of the other two sides. The Pythagorean Theorem 

and the Fundamental Law of Forces both serve to prove that when two 
forces are at right angles, the resultant willbe.equalto the square 
root of the sum of their individual squares. 

Applying this principle to the electrical circuit, the imped- 

ance or total opposition cffered to the passage of an electric cur- 
rent through an AC circuit will be equal to the square root of the 

resistance squared plus the reactance squared. 

Impedance = (kesistance)' + (keactance)' 

The letter Z is used to abbreviate impedance. 
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Expressed as a formula, this is: 

Z = 1%/47.37N-2- 

Z is the impedance in ohms. 
Where: R is the resistance in ohms. 

XN is the net reactance in ohms. 

The net reactance' to he used for the calculation of impedance 
in the above formula is the difference between the inductive and 
capacitive reactance in the circuit. If only inductive reactance 
is contained in the circuit, then naturally this is the only value 
to be considered. Likewise, if capacitive reactance alone ispres- 
ent in the AC circuit, its value may be substituted directly for XN 
in the impedance formula. But, if both inductive and capacitive 
reactance are present in the circuit, since they are exactly oppo- 
site and tend to cancel each other, the difference between them 
must be substituted for XN in the impedance formula. Thus: 

Z = 1%122 + (XL - Xc) 2 

Where: XL - Xc = XN 

It will be noted in Fig. 25 that the impedance is represented 
by the hypotenuse while the resistance and net reactance are repre- 
sented by the other two sides of the triangle. 

16. OHM'S LAW FOR AC CIRCUITS. Since the impedance of an AC 
circuit is the total opposition in the circuit, considering both 
resistance and reactance, it may be substituted directly in Ohm's 
Law for R. This makes it possible to calculate the current flow- 
ing through an AC circuit when the applied voltage and the imped- 
ance are known. Likewise, if the current passing through an AC cir- 
cuit is measured by an AC milliammeter and, if the impedance of the 
entire circuit is calculated, it will be possible to multiply these 
two values to secure the R.M.S. voltage applied to the circuit. 
These relations between the voltage, current and impedance in an AC 
circuit are represented by the following formulas: 

E = I x Z 

I = E = Z 

Z = E _ I 

Where: E and I are the R.M.S. values of the AC current and voltage. 

Example 1: The resistance of acoil is measured by an ohmmeter 
and found to be 5 ohms. The inductive reactance of the coil iscal- 
culated as 25 ohms. Find the impedance. 

First, square the 5 -ohm resistance, 5 x 5 = 25; then square the 

25 ohms inductive reactance, 25 x 25 = 625. Adding the resistance 
squared (25) to the reactance squared (625), we have: 

' The symbol Xn is used to abbreviate net reactance. 
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25 * 625 = 650 

Extracting the square root of 650: 

650 = 25.49 

The impedance of the coil is 25.49 ohms. Notice that the 5 

ohms of resistance has not caused much increase above the 25 ohms 
inductive reactance in the total impedance of the coil. In some 
cases this slight increase in opposition caused by the presence of 
the resistance is negligible, while in others it must be considered. 

Example 2: The resistance of a 2 -henry coil is found to he 
10 ohms. What is the impedance of this coil to a frequency of 60 
cycles? 

To solve this problem, it is first necessary to calculate the 
inductive reactance of the coil. The inductance and frequency are 
given, so the inductive reactance equals: 

6.28 x 2 x 60 = 753.6 ohms 

To find the impedance, the resistance must be squared: 

10 x 10 = 100 

Then, squaring the inductive reactance, we have: 

753.6 x 753.6 = 567,912.96 

Adding the resistance squared to the reactance squared, we 
have 568,012.96! The impedance will be t`le square root of this 
number. Extracting the square root, we find the impedance to be 

753.667 ohms. If the voltage applied to the coil were known, it 
would be possible to calculate the amount of AC current passing 
through the coil by dividing this impedance value into the applied 
voltage. 

Example 3: The example given in Fig. 24 can becarried furth- 
er now that we have learned the method of calculating the impedance 
of a coil. In this circuit, we found that the inductive reactance 
was 7536 ohms and the capacitive reactance, 331.7 ohms. Before cal- 
culating the impedance, it is necessary to find the difference be- 
tween the inductive and the capacitive reactance. This gives the 
net reactance in the circuit: 

7536 - 331.7 = 7204.3 ohms 

The resistance was given as 5,000 ohms in this problem, so to find 
the impedance, first square the resistance: 

5,000 x 5,000 = 25,000,000 

Then square the net reactance: 

7204.3 x 7204.3 = 51,901,938.49 

Adding these two squared values together, we obtain 76,901,938.49 
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. The impedance -is then found by extracting the square root of Obis 
numbers Taking' the -square `root, we find the .1edanoe to'bespprox- 
imatels 8:769 obas. 
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Now, divide the impedance into the applied ,voltage to find the bin, - 
rent: } 

_ 110 .. 

- 17. POW Ill Al AC CIRCUIT.- In a DC circuit, the voltage ap- 
plied to the circuit and the current flowing through the circuit are ,; 

Lalways of a constant value. The power at every instant in a DC cir- ;i 

' cuit can be found by taking the product of the voltage and the our- -, y; 
rent. This 'relationship is expressed by the formula: -Mr;i 

. 

'i ; ;'11-_': , ,.V = B x I. z , I/.1 1QY'iu 

. á;'S,Í': 

jí , °` ' W is the DC power in watts 
Where: E is the DC' voltage in volts- '4. ' . 

I is the 'DC current in amperes ''' a 

If the current flowing through a circuit is pulsating or alter -,r 
eating, the- instantaneous, power will vary at every. voltage: and our-,' 

)' rent o e. In. 27;,the voltage. applied to an AC circuit is 'shown D ' 
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cuit in which only pure resistance is opposing the current flow. 
The instantaneous power is always equal to the product of the in- 
stantaneous voltage and the instantaneous current. The power in 
this AC circuit is represented by the shaded curve C. On the nega- 
tive alternation, when both the current and voltage are in the op- 
posite direction, the power will still be positive. This results 
from a fundamental rule of mathematics which states: When negative 
values are multiplied by negative values, the product will be posi- 
tive. 

Fig 28 illustrates an AC circuit when the current lags 30 de- 

m 
I'y 

/iiri:l 
VA!.lia,\111 
1.1.~70.F" IFori 

*renewal Mt - 

0'. IED' 710 360' 9, 

Fig.28 Power in an AC cir- 
cuit whe& the current is lag- 
ging 30 behind the applied 
voltage. 

grees behind the applied voltage. The current is shown by the solid 
line A and the voltage is shown by the dotted line B. When the cur- 
rent and voltage are both positive or both negative, their product 
will be positive; however, when the current is positive and the 
voltage isnegative, or when the voltage ispositive and the current 
is negative, the product of the two numbers will be negative. It 
will be noticed that from zero to 150 degrees, the current and volt- 
age are both positive; hence, their products result in "positive 
power" as represented by curve C above the zero line. From 150 to 
180 degrees, the current is positive, but, the voltage is negative; 
hence, the product of the positive current and negative voltage re- 
sults in "negative power" as represented by the portion of the curve 
marked N1 below the zero line. After passing 180 degrees, the cur- 
rent and voltage are both negative so their product gives "positive 
power" again. From 330 degrees to 360 degrees, the current isneg- 
ative and the voltage ispositive. Their product results in "nega- 
tive power" as shown by N2 below the zero line. The succeeding cy- 
cles, of course, will be the same. 

When the power curve is above the zero line, power is being 
drawn or taken from the source (generator) and when the power curve 
is below the zero line, power is being delivered back to the gener- 
ator. In Fig. 28, 86.5% of the power curve lies above the zero 
line. This indicates that this percentage of the power taken from 
the generator is actually consumed in the circuit. The remaining 
13.5 per cent of the power curve represents power which has been 
taken from the source, but instead of being consumed or used in the 
circuit, it is delivered back to the generator. These percentages 
have been accurately calculated and cannot be secured easily from 
a graph. 

The power delivered from the circuit back to the generator is 
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not -available in the-circuit'for doing work. This unused' power, asst . 

be deducted fro.. the total power originally taken from the source, ' 

S. if we are to lnol the exact amount of power available in the cif= 
unit for doing;'work...,The effective' power in -the circuit (power 
available to do,work) is found by use of the "power factor". -When 
expressed as a percentage, the power -factor is'defined as the per.- 
centaje,of /C power taken -from the source that is actually doing 
work,in the circuit. There are several methods of calculating the' 

, power Bator in an AC circuit. In acases it depends upon the'.. 

angle ( ll-' 
;=phase displacement between the -voltage and the,current. 

We have:pisvionsly found that the angle of, phase displacement (in 
'degrees) depends upon the magnitude pf the inductive or capacitive 
reactance in comparison to the resistance-. The angle of phase dis-'- 
placement will be close to zero when thé resistance«(by comparison)- 
is extremely high. When the inductive or capacitive reactance is' 
extremely high in comparison to the resistance, the aile of phase 
displacement will be close to 90 degrees. 
PHASE ANGLE 
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'Fig 29 Power Factor Table. The angle of phase difference (phase 
angle) -can be determined if the power factor is known and the power. 
factor can be determined if the phase'angle is known., 
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The simplest method of detei^.ining,the power factor (expressed 
as a decimal) when the resistance and the impedance of the AC cir- 
cuit are known is to divide -the' resistance by the impedance. This.' 
is expressed -by the formula: 

'Power Factor -4_ 
The power factor,is.less than 1 (in decimal for.),;, 

Where: R is the resistance of the circuit in ohms; 
Z is the impedance of the circuit in ohms. 

.Example: What is the power factor if the impedance of an AC' 
circuit is 100 ohms and the resistance. is 10 ohms? 

Solution: Dividing 10 (R) by 100 (Z), the decimal .1 is ob- 
tained. The power factor is .1, or if expressed inpercentage, islO%.1 

This.means that._10% of the power taken from the generator by 
this circuit is actually consumed or used in doing !irk; the remain- 
ing 90% is delivered back to the generator. !$y referring to the 
Power Factor Table shown in Fig. 29, it can be seen that a phase 
angle of approximately 84 degrees corresponds to a power factor of { 

.1 (one-tenth). Therefore, in this circuit, the current will be 
about 84 degrees out of phase with the applied voltage. 'Whether 
the current is leading or lagging the voltage is determined by- 
nature'of the reactance.; that is, whether it is inductive or gaps- 

-In Fig: 30, a simpleAC ojrcuit, consisting of a coil aid re- 
sistor in series, is shown. Let usfind the current lag through 

iow 

Fig.30 AC circuit containing 
inductance and resistance. 

this circuit.. The procedure is as follows: 

Step,1: inductive reactance of=the .05- enry coil. 

XL = 6.28 x.F-x L 

6.28.x60x.03 
11.1 ohms :. 

Step 2: Find the impedance of. the circuit. 

"Z :11/71717 -- 

-Find the 

1 To express a decimal fraction in percentage. multiply the diciíl f)y.100 and 
attach the s sign. Thus. .Ts Is Tss: .9,2 is 15.211; Oast is a.alf._ - 

i 
1 

.9 
- ir....`" 



=1/102+11.';2 

=-V 227.09 

= 15.08 ohms 

Step 3: Find the power factor of the circuit.. 

P.F. = 
R 

_ 10 

15.08 

_ .6631 or 66.314 

Step 4: Find the angle of phase displacement. 

Locate the number .6631 in the Power Factor Table. 
This number is not given exactly, but lies between the 
given numbers .6561 and .6691. These ..wo numbers cor- 
respond to the phase angles of 49 and 48 degrees respec- 
tively, so the angle of phase displacement is between 
48 and 49 degrees when the power factor is .6631. Since 
the circuit shown in Fig. 30 is inductive, the current 
is lagging approximately 48.5 degrees. 

When the power factor of a circuit is known, the effective pow- 
er can be calculated. In Fig. 30, the applied voltage is given as 
100 volts. The current flowing through the circuit can be found by 
dividing this voltage by the impedance of the circuit, thus: 

I= 
Z 

- 100 
15.08 

= 6.63 amperes 

The product of the applied voltage and the current gives the power 
which is being taken from the generator. This is NOT the effective 
power and, to prevent confusion, we will call it the "apparent pow- 
er". Thus: 

Wapp = E x I 

= 100 x 6.63 

= 663 watts. 

Wapp is the apparent power in watts 
Where: E is the R.M.S. voltage 

I is the R.M.S. current 

The apparent power multiplied by the power factor gives the effec- 
tive power. 
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Wirr = Wavy P.F. 

Wert is the effective power in watts 

Where: Wapp is the apparent power, in watts 
P.F. is the power factor expressed in a decimal 

Substituting the known values.in this equation, We have: 

Wet? ' 663 x'1.6631 

= 439.63 watts 

Hence, the circuit shown in:Fig. 30 is capable of performing 439.63 
watts of electrical work.' Disregarding other resistance in the cir- 

cuit, there will be 439.63 watts of heat produced in the 10 -ohm re- 

sistor. . 

-After completing these calculations on Fig. 30, it is apparent 
that if we had not taken. the -phase displacement and power factor 
into consideration, 'we' would have arrived at theconclusion that 
the circuitcontained 663 watts of power instead of' 439.63 watts. 
This difference is entirely too great to be. disregarded in practi- 
cal work. In.all AC circuits therefore, the product of. the meter 
readings (voltage and current) is by no means an indication of the 
true effective AC power in the circuit. 'The product of themeter 
readings is called the "apparent power" -and it must bemultiplied 
by the power factor before the effective power is 'to be known. The 

power factor in turn depends upon the inductive reactance, capaci- 
tive reactance and resistance in the circuit. 

Now that we have learnedthe method'of calculating the power 
factor, determining the effective power and, finding the angle of 
phase displacement, let us continue with the solution of the prob- 
lem in Fig. 24. For convenience, this same. figure is reproduced 

Fig.,i AC circuit containing 
8 inductance, capacitance and re- 

Mfd. sistance. (This is a.reproduc- 
t(on of Fig. 24.) 

as Fig. 31. The values calculated so far are: 

IL = 7,536 ohms 
is = 331.7 ohms 
IN = 7,204.3 ohms 
Z =. 8,769 ohms 
I _. .0125 ampere 

Continuing with this circuit, it is next 'necessary to calculate 
the power factor. The impedance was found to óe'8,769 ohms and the 
resistance was'given as 5,000 ohms.. Dividing the resistance by the 
impedance: 
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P.F. - 
9 

= .5702 or 57.02% 

The angle of phase displacement may be deternined by referring to 
the Power Factor' Table. In this table, locate the number nearest 
.5702. This is found to be .5736 and corresponds to a phase angle 
of 55 degrees. Since the table does not indicate whether the cur- 
rent is leading or lagging, it is necessary to refer back to the 
original values of the inductive and capacitive reactance. The in- 

ductive reactance was 7536 ohms whereas the capacity reactance was 
only 331.7 ohms, so the current is lagging behind the applied volt- 

age 55 degrees. (Predominance of XL causes current lag.) 

To find the effective power in the circuit, first calculate the 
apparent power, then multiply by the power factor. 

Wapp = 110 x .0125 

= 1.375 watts 

Weff = 1.375 x .5702 

= .781 watt 

16. WATTLESS CIRCUITS. The student will sometimes hear a 
certain type of AC circuit spoken of as being "wattless".. This ex- 
pression means that the power in the circuit is zero. This condi- 
tion will exist when the power factor is zero and the angle of phase 
displacement is exactly 90 degrees. A circuit of this kind (watt - 
less circuit) is only theoretical, because the resistance car never 
be ccmpletely reduced to zero. The resistance must be zero if the 
power factor is to be zero and the phase displacement, 90 degrees. 
In a theoretical "wattless" circuit, a voltileter connected across 
the circuit will indicate voltage and an ammeter in series with the 
circuit will indicate current, but all of the power taken from the 
generator is delivered back to the generator. Fig. 32 illustrates 
the phase relation between the voltage and current and also shows 

Fig.32 illustrating 
the theoretical 'watt - 
less circuit'. 

the resulting power curve. Notice that the power curve is equal 
above and below the zero line, indicating that equal amounts of 
power are taken from and delivered back to the generator. The ef- 
fective power in the circuit will be zero: 
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Wert = Power Factor x Wapp 

Since the Power Factor in a wattless circuit is zero: 

Wet? = 0 x Wapp 

= 0 

Where' Wapp and Wen are the apparent power and effective power in 
any AC circuit when the power factor is zero. 

Suggestion 
Regardless of the simplicity of explanation, the 

study 'of AC circuits always appears difficult when it 
is first encountered by a student. The fundamental 
facts which have been introduced in this lesson are all - 

essential in the formation of a secure knowledge of 
Radio and Television circuits. We have not discussed 
subjects which have no application to Radio and Tele- 
vision. Future lessons will frequently contain expres- 
sions and refer to formulas which are contained in this 
study. We realize that the enormous qúantity of infor- 
mation which you have just completed in this lesson can 
not be thoroughly learned in a short length of time. 
Constant use and consistent application are the only 
methods of completely mastering this subject. Had space 
permitted; many mere examples would have been included 
in this lesson; however, the 'study of future lessons 
will contain problems dealing specifically with the 
direct application of these various terms. When the 
student encounters these problems and they are not clear' 
to him, he should immediately conduct himself through. 
a review by returning to this lesson and repeating a 
study of the subject. Eventually, all of the herein 
contained information will be.used sufficiently to es- 
'tablish a thorough working knowledge. . 

The study of AC theory is generally treated in a 
more mathematical manner than has been done in this 
lesson. We have avoided the use of this higher Mathe- 
matics by giving more detailed word descriptions and 
approaching certain subjects from a practical side rath- 
er than purely theoretical. The elimination of higher 
mathematics has necessitated a more consistent use of 
elementary decimals and fractions with which 'the stu- 
dent is familiar. A few statements and laws.have not 
been definitely proved simply because a proof'entails 
the use of mathematics beyond the scope of this course. 

In view of these facts, it is suggested that the 
student spend an average amount of time in studying this 
lesson, then proceed to the following lessons. REFER 
BACH.TO THIS LESSON AT'EYERY OPPORTUNITY until there is. 
no doubt as to the comprehension of each subject dis- 
cussed. 
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THOMAS ALVA EDISON (CONTINUED) 

As you will recall, 'we told you. in Lesson 12 that 
Thomas Edison had received forty thousand dollars for 
several of his inventions. With this capital, he opened 
a factory at Newark, New Jersey, and employed a force of 
some three hundred men a strong indication that he 
had faith in his own ability, as well as.the future of 
electrirlty. 

the next great achievement ofldison was the inven- 
tion of his quadruplex system, which made it possible to 
send four telegraph messages over the same wire, two mes- 
sages being sent in each direction. He received thirty 
thousand dollars from Western Union for this invention 
and immediately set forth to perfect a system that would 
make possible the transmission of six messages at the 
same time.. It should be apparent to you that he was 
continually striving to improve upon his inventions 
always trying to make them better. This should serve as 
an inspiration for you to always strive to. do your les-. 

sons and experiments more. thoroughly, for upon the thor- 
oughness of your training will hinge your future success. 

No longer was Edison on his way tófame and fortune. 
He had arrived. But this did not dampen his ardor for 
more and more knowledge, for he continued to read and 
study far into the nightº He loved his work and consid- 
ered it as an important part of his life. If you will 
oevel_op the same attitude towards your training; you 
will be surprised to discover that your progress will be 

speeded up greatly. 

Electric lignting an acnievement long sought 
after by eminent scientists was probably'the one in- 

vention that brought Edison into the public eye more 
than any other. For months, he strived to find a fila- 
ment that would not melt or break. He tried over two 
thousand different substances and sent one of his men 
more than two thoúsand miles up the Amazon River, while 
another travelled thirty thousand miles through India 
and China. Finally, a suitable bamboo fibre. was found 

in Japan, but only after tireless effort and the expen- 
diture of about one hundred thousand dollars. Again, 
Edison's tenacity and faith in an idea had emerged vic- 
torious a triumph that virtually lifted the world 
out of darkness. 

With the perfection of his carbon lamp, a factory 
was built to manufacture them. AN electric generating 
station was built in New York so that the public could 
purchase electricity to be used for lighting, in much 
the same manner as they purchased gas. Today, electric 
utilities are a part of almost every American community; 
power lines cross the country in all directions, and 

when the sun dips under the western horizon, photoelec- 
tric cells turn on thousands of street lights and elec- 
tric signs and banish grim shadows with brilliant light 

thanks to Thomas Alva Edison. 

(We will tell you more about this great American in a 

future lesson.) 

Copyright 1942 
By 

Midland Radio 8 Television 
Schools, Inc. PRINTED IN U.S.A. 

KANSAS CITY. MO. 



Lesson Fourteen 
RESONANT a 

and FILTER I-10- o' 

CIRCUITS 

"Modern Radio and Tele- 
vision circuits could not 
function without resonant c1r- 
cutts, while if we did not have 
filter ctrcutts, modern, AC oper- 
ated receiving and transmitting equip- 
ment would be an impossibility. So even though the title of this 
lesson may not appear to be very impressive, I. assure you that the 
subject covered is of great importance to the radio industry and 
to your future success. 

"Therefore, I earnestly suggest that you seriously apply your- 
self to the study of this subject, now and in future lessons." 

In Lesson 13, it was learned that the current flowing through 
a coil lags the applied voltage by 90 degrees if there is no re- 
sistance in the circuit, and that the current through a condenser 
leads the applied voltage by 90 degrees, also assuming that there 
is no resistance. Since inductive reactance and capacitive reac- 
tance have opposite effects upon the current (one tending to cause 
a lagging current and the other a leading current), it is possible 
for one type of reactance to neutralize the other type. For ex- 
ample, if there was 1,000 ohms of inductive reactance and 5,000 
ohms of capacitive reactance in a circuit, the 1,000 ohms of induc- 
tive reactance would neutralize 1,000 oluns of capacitive reactance,. 
leaving 4,000 ohms capacitive reactance as the net reactance of 
the circuit. The net reactance is the difference between the two 
reactances, and is found by this formula: 

or 
Xn = X1 - Xc 

Xn=Xc-X1 

(1) 

(2) 

Xn is the net reactance in ohms. 
Where: X1 is the inductive reactance in ohms. 

Xc is the capacitive reactance in ohms. 

Formula (1) is used when the inductive reactance is greater than 
the capacitive reactance and formula (2) is used when the capaci- 
tive reactance is greater than the inductive reactance. 
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We are now ready to consider one of the most important and, 
a;. the same time, one of the most interesting phases of alternating 
current electricity. It is especially interesting since it has a 
direct application to Radio and Television transmitters and receiv- 
ers. This phenomenon is known as "resonance". 

1. SERIES RESONANCE. Let us consider the circuit shown in 
Fig. 1. It consists of a coil, a condenser, and a resistor in 

Fig.I Illustrating a series reso- 
nant circuit. 

series with a 110 -volt 60 -cycle alternator. Suppose that the values 
of inductance and capacity have been so chosen that at a frequency 
of 60 cycles, the inductive reactance is exactly equal to the capaci- 
tive reactance. The impedance of a circuit, as we know, is the 
total opposition offered by the resistance and the net reactance 
of a circuit to the flow of alternating current, and is found by 
the formula: 

Z = Ap + Xn' 

Z is the impedance in ohms. 
Where: R is the resistance in ohms. 

Xn is the net reactance in ohms. 

Since the inductive and capacitive reactances are equal (X1 
- Xc = 0), there is no net reactance in this circuit. In this case, 
the formula for impedance becomes: 

Z =,/k7, or Z= R 

There now exists this peculiar situation; the circuit contains a 
coil and a condenser, yet the only opposition to the flow of cur- 
rent is the ohmic resistance of the circuit. Let us assign some 
values to the circuit elements and calculate the amount of current 
that flows. The alternator has a voltage of 110 volts at a fre- 
quency of 60 cycles, and the resistor has a value of 55 ohms. The 
coil has an inductance of .7035 henry, and the condenser acapacity 
of 10 mfd. By computation, the inductive reactance of the coil 
and the capacitive reactance of the condenser are each found to be 
265 ohms. The net reactance is: 
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Xn = 265 - 265 = O ohms. 

Substituting these quantities in the formula for impedance, we 
have: 

Z = /52 , 0' 

= /57 

= 55 ohms. 

Thus, the total impedance of this circuit is equal to its ohmic 
resistance. To find the amount of current flowing, use 0im's Law. 

I = 
R 

110 
55 

= 2 amperes. 

The capacitive reactance has exactly balanced out or neutralized 
the inductive reactance of this circuit. If a wire were connected 
from the left end of the coil to the right end of the condenser, 
thus shorting them out, the same amount of current (2 amperes$ 
would flow. The circuit would then be equivalent to Fig. 2. This 
condition is known as "series resonance". 

Fig.2 This circuit is equivalent 
to that of Fig.1 under the resonant 
condition. 

Since the same current flows whether the coil and condenser 
are in the circuit or not, why use them? The answer to this ques- 
tion may be found by a little thought. If the coil and condenser 
are shorted out, there will be 2 amperes of current flowinn in this 
circuit as long as the applied voltage is 110 volts, regardless of 
its frequency. When the coil and condenser are in the circuit, 
however, a much different condition exists. Suppose that the fre- 
quency of the alternator is lowered to 50 cycles. With a lower 
frequency, the inductive reactance is smaller and the capacitive 
reactance greater. By calculation we find that the inductive re- 
actance is 221 ohms and the capacitive reactance 318 ohms at 50 

cycles. They are no longer equal and cannot exactly neutralize 
each other; so there must be some net reactance present in the cir- 
cuit. This net reactance is: 
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r - 

1 

-;,.- ` «. 

y+ 

1 

n=318-221 ' 4. 

=. 97 ohms - 

Using thé foraila to calculate the-impedanceof the -circuit, we 
have: - - 

Z =.55= 97= 

=,,, AMY 
- - = 111 ohms , 

Then, using Ohm's Law to find the amount --óY .current `flowing,, ie 
. have: - 

I = 
lid 

_ 1 espere (approximately) - 

If the frequency df the alternator is increased to 70 cycles, 
the inductive reactance is greater and' the capacitive reactance - 
less. By calculation it is found that the.inductive reactance is - , F 
309 ohaa,and the capacitive_ reactance 228 olas at,70 cyeles.r,This - 1,1 
gives a net reactance of:. - 

°' 

-' ' o-! K Xn = 309 - 2'p,$ 
f i'I 

.81 ohms - 

This makes the impedance: ' 

.. 

. 

. - 4.. 

45! 81= 

4596- 

98 ohms 

Theaaount of current that flows .is: -- 

la 

~ I 
a 

-§Ér 
- r 

= 1.12 amperes. 

From these calculations, it can be seen that 2 aiperes flow' 
when the frequency of the voltage source is 60 cycles, -and approx=_ 
imateiy 1 ampere flows when the frequency is either 50 or 70 cycles; y -' 
-that is, the circuit offers less opposition to a current whose 
frequency is 60 cycles than it does to any other frequency, either s 

higher or lower: This fact should 'be thoroughlYVunderstood.' We 
can say that this Circuit is selective; that is, it prefers the '1`' 
frequency of 60 cyóles to all other frequencies. The frequency," 
which the inductive -reactance is equal to the capacitive reactance' 
-is called the resonant frequency of the circuit. In this base tti ;,~ 
is 60 cycles. The inductive reactance tends to canse the current 

r4' 
1 

4 
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to lag the applied voltage, while the capacitive reactance tends 
to cause the current to lead the applied voltage. In tl.is series 
resonant circuit, where the two reactances are equal, these ten- 
dencies neutralize each other and the current is in phase with the 

applied voltage. The self-induced voltage in the coil lags 90 de- 
grees behind the current. Likewise, the counter -voltage built up 
across the condenser leads the current by 90 degrees. This condi- 
tion is illustrated in Fig. 3, where EL represents the self-induced 

Et , 
Fig.3 The phase relations between 

the current, I, the voltage across 
the coil, EL, and the voltage across 
the condenser, Ec. 

Ec,- 

voltage in the coil, Ec, the counter -voltage across the condenser, and 
I, the current. Notice that both of these voltages are 90 degrees 
out of phase with the current, one leading and the other lagging it. 
Thus the two voltages are 180 degrees or exactly out of phase with 
each other. When one is maximum in a positive direction, the other 
is maximum in a negative direction. 

The sum of two AC sine waves is called their "resultant", and 
this resultant is, itself, a sine wave. When the two AC waves 

are 180 degrees out of phase, the maximum value of the resultant 

wave is equal to the difference between the maximum values of the 

two AC waves. Using the two amperes calculated as the current 

flowing under the resonant condition , we shall find the reactive 
voltage across the coil and the counter voltage across the conden- 
ser as follows: 

EL = I x XL 

=2x265 

= 530 volts 

Ec = I x Xc 

= 2 x 265 

= 530 volts 

You will probably wonder how it is possible to have 530 volts 

across the coil and also across the condenser when the applied 
voltage is only 110 volts. As previously stated, the voltage across 
the coil is 180 degrees out of phase with the voltage across the 

condenser. The resultant of these two voltages, which is the volt- 

age across both of them, is equal to their difference. In this 

case, the self-induced voltage in the coil is equal to 530 volts; 

also the counter voltage across the condenser is530 volts. There- 

fore, their difference is zero. This means that the 110 volts of 

the alternator is opposed only by the 110 volts set up across the 
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55 -ohm resistor, due to the 2 amperes flowing through, it. The 
voltmeter V1 in Fig. 1 reads 530 volts; voltmeter V2 also reads 
530 volts. Voltmeter V3 reads 0 volts, while V4 reads 110 volts. 
The fact that the inductive reactance of the coil balances out the 
capacitive reactance of the condenser allows a much larger current 
to flow, and this current, in flowing through the inductive reactance 
of the coil, creates a fairly high voltage across it. Likewise, 
this current, in flowing through the capacitive reactance of the 
condenser, sets up the same high voltage across it. It is hard to 
believe that by applying 110 volts to a circuit, we can set up 530 
volts across the coil and across the condenser; yet, the fact that 
these two voltages neutralize each other so far as the alter- 
nator is concerned, allows the voltage of the source to force this 
relatively high current through the circuit, which, in turn, makes 
possible the production of these high voltages. 

Just how this property of a series resonant circuit can be 
applied to radio will be discussed in detail in Lesson 22. Series 
resonance is sometimes called "voltage resonance", due to the rise 
in voltage across the coil and across the condenser above that of 
the applied voltage. The important points to remember about series 
resonance are: 

first: A series resonant circuit offers minimum opposition 
to current of the resonant frequency. It resonance, the induc- 
tive reactance neutralizes the capacitive reactance and the 
only opposit ion to the flow of current is the ohutc resistance 
to the circuit. 

'Second: The voltage across either the coil or condenser 
may be many times the applied voltage. 

Before leaving the subject 'of series resonance, we shall de- 
scribe an experiment which clearly demonstrates the fact that an 
inductive reactance can neutralize an equal amount of capacitive 
reactance. The circuit diagram is shown in Fig. 4. The condenser 

""° CONDENSER 
COIL 

,1'Ir 

LAMP 
caRa 110 v.( 

LINa 

Flp.a An experiment to demonstrate 
series resonance. 

should have a capacity of from 10 to 15 mfd., and may be construct- 
ed of several 1 or 2 mfd. condensers; however, they must be paper 
condensers, as an electrolytic condenser cannot be used with al- 
ternating current. The coil fora is a cardboard tube 3 inches in 
diameter and 12 inches long. On it are wound from 800 to 1,000 
turns of #18 double cotton covered wire. Since the condenser is 
fixed and cannot be varied, the coil must be so constructed that 
its inductance may be changed in order that its inductive reactance 
may be made equal to the capacitive reactance of the condenser. 
This is done by using a soft iron core which fits inside of the 
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cardboard tube. When the iron core is. out of the tube, the induc- 

tance of the coil is low. As the soft iron is inserted into the 

coil, its inductance increases since the reluctance of part of the 

magnetic circuit is decreased. By pushing the core partially into 

the mil, we can secure intermediate values of inductance. When 

the iron core is completely within the coil, the inductance is max- 

imum. 
With the coil, condenser and lamp in series with the 110 -volt 

60 -cycle AC line, the switch is closed. If the iron core is out 

of the coil, the lamp glows dimly. This indicates that the induc- 

tance of the mil is not great enough to make its inductive reac- 

tance equal to the capacitive reactance of the condenser. A piece 

of wire is used to short out the condenser and coil, and the lamp 

bulb burns -with full brilliancy, illustrating that the coil and 

the condenser were opposing the flow of current. The shorting wire 

is removed and the iron core is' inserted into the coil for, and 

moved back and forth. At one certain position, it is found that 

the laáp again glows brightly. -At this point, the inductive reac- 

.tance of the coil is equal to the capacitive reactance of the con- 

denser; hence, they are neutralizing each other. In this case, 

the opposition to the flow of current is determined only by the 

resistance of the lamp, the coil and the connecting wire, which is 

ordinarily low. If the iron core is pushed farther into the coil 

form, the brilliance of the lamp decreases. This aey be explained 

by'.the fact that the inductance of the coil is made so large that 

its inductive reactance is greater than the capacitive reactance 

of the condenser. 

Fig.6 (A) A coil connected 
to an alternating 
voltage source. 

(B) A condenser con- 
nected to an alter- 
nating voltage source 

446 - 
Henry 

110V 

t60 

cps 

1 

as. 25 
Mfd. 

2. PARALIIL IR&90NANCB. In Fig. 5 .are .shown taro circuits. 

At A is illustrated an iron core coil connected in series with a 

110 -volt, 60 -cycle alternator, and at B is shown a condenser con- 

nected to. another alternator of the same voltage and frequency. 

For the present, it will be assumed that there is no resistance in 

either circuit; thus, the current flow in circuit A.is opposed on- 

ly by the inductive reactance of the Coil and in circuit B, only 

by the capacitive reactance,of the condenser. The coil' has an in-. 

ducteace of .146 henry, and the condenser a capacity of 48.25 afd. 

-The inductive reactance of the coil and the capacitive reactance 

of the condenser are: 
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Xc - 

XL = 6.28 x 60 x .146 

= 55 ohms 

1 

6.28 x 60 x .00004825 

= 55 ohms 

Designating the current flowing through the coil by IL and that 
through the condenser by Ic, we have: 

IL _ E 

XL 

- 110 

55 

= 2 amperes 

Ic = 
Xc 

- 110 

55 

= 2 amperes 

1e have learned that the current flowing through a pure induc- 
tance (a pure inductance is one that contains no resistance) lags 
the applied voltage by 90 degrees. This is illustrated in Fig. 
6, in which E represents the voltage, and IL the current flowing 
through the coil. We also know that the current flowing effective- 
ly through a condenser leads the applied voltage by 90 degrees if 

Fig.6 The phase relation be- 
tween the current and voltage 
of the circuit shown in Fig. SA. 

E 

Fig.7 The phase relation be- 
tween the current and voltage 
of the circuit shown in Fig. SR. 

there is no resistance in the circuit. This is illustrated in Fig. 
7, where E is the applied voltage, and Ic the current flowing in 
the condenser's circuit. It is assumed that the two alternators 
are exactly in phase; that is, both reach a maximum positive volt- 
age at the same instant, pass through zero at the same instant and 
reach a maximum negative voltage at the same instant. 
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Since the current through the coil lags the applied voltage 
by 90 degrees, and the current through the condenser leads the ap- 
plied voltage by 90 degrees, then the two currents must be 180 de- 
grees, or exactly out of phase. This can be seen by studying the 
two diagrams. When the coil current, IL, is rising from zero to 
maximum in a positive direction, the condenser current rises from 
zero to its maximum in a negative direction. Or, it can be said 
that when current is flowing down through the coil, current will 
flow up through the condenser. 

Now disconnect the condenser from the alternator and place it 
in parallel with the coil as shown in Fig.. 8. Notice that a 110- 

Fig .8 Illustrating a 
parallel resonant cir- 
cuit. 

lc 

volt, 60 -cycle alternating voltage is still being applied to the 
coil and also to the condenser. The coil will, therefore, draw 2 

amperes as before. Likewise, since we are using the sane condenser, 
it will also draw 2 amperes from the alternator. It has been said 
that the coil current and condenser current are exactly out of 
phase; let us see how this affects the total current drawn from 
the alternator. At a given instant, there are 2 amperes flowing 
down through the coil from top to bottom; at the same time, 2 am- 
peres are flowing up through the condenser from bottom to top. 
These are shown by the arrows drawn alongside the coil and the con- 
denser. To clarify this, let us trace the flow of the current. 
During a certain instant of the cycle of alternating voltage, the 
2 amperes of coil current flow out of the top terminal of the al- 
ternator to the top end of the coil, through the coil, and back to 
the bottom terminal of the alternator. At that same instant, the 
2 amperes of condenser current flow from the bottom terminal of 
the alternator to the bottom of the condenser, through the conden- 
ser, and back to the top terminal of the alternator. The direction 
of current flow for this given instant is shown by ;.he arrows in 

the diagram. Now how is it possible to have 2 amperes flowing in 
one direction, in the line, at the same instant tlat 2 amperes 
flow in the opposite direction? The answer to this question is 

that it is impossible. The 2 amperes flowing out of the top ter- 
minal of the alternatorwill be neutralized by the 2 amperes flow- 
ing out of the bottom terminal of the alternator and the net cur- 
rent flow in the line will be zero. Meter M1 reads zero, while 
meters M2 and M3 each read 2 amperes. 
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Let us give this peculiar situation some thought. We have a 
coil and a condenser connected in parallel across a 110 -volt, 60 
-cycle alternator. .The coil draws 2 amperes; the condenser draws 
2 amperes. Yet, there is no current being drawn from the alter- 
nator itself. The coil current exactly neutralizes the condenser 
current. In Fig. 9 are shown three sine waves. The applied volt- 
age is represented by E, the coil current by IL, and the condenser 

E 

Fig.9 The phase relations of the 
currents and voltage of the circuit 
shown ¿n Fig.8. The coil current IL 
is 180 out of phase with the con- 
denser current, Ic. 

current by Ic. Notice that at every instant, the coil current and 
the condenser current are exactly equal, but opposite in direction 
or phase. The current drawn from the alternator is equal to the 
resultant of the coil and the condenser currents. Since IL and 
Ic are exactly out of phase, their resultant is equal to the dif- 
ference of their maximum values. Since they have the same maximum 
value, their difference is zero, which means that the current drawn 
from the alternator is zero. For all practical purposes, it can 
be stated that current surges back and forth between the coil and 
the condenser, charging the condenser first in one direction and 
then oppositely. For this condition to exist, the coil current 
must be exactly equal to the condenser current. Therefore, their 
reactances must be equal. The coil and condenser have been so 
chosen that the inductive reactance of one is exactly equal to the 
capacitive reactance of the other. Such a circuit is called a par- 
allel resonant circuit, and the preceding phenomenon is known as 
parallel resonance. 

The circuit just described is .impossible from a practical 
viewpoint; that is, it was assumed there was absolutely no resis- 
tance in the circuit. The resistance of a circuit can be made very 
low, but it cannot be eliminated entirely. If it is considered 
that most of the resistance lies in the coil, as will be the case 
if resistance is not purposely included in the circuit, then the 
coil current will not lag a full 90 degrees behind the applied 
voltage, but by some lesser angle. This being the case, the coil 
current willnot be exactly 180 degrees out of phase with the con- 
denser current; therefore, the two currents cannot perfectly neu- 
tralize each other. Since complete cancellation of the two cur- 
rents in the line is not possible with resistance in the circuit, 
there will be a small amount of current drawn from the alternator, 
when the resonant frequency is applied to this circuit. 

As the resistance of the coil is increased, the coil current 
lags behind the applied voltage by a smaller phase angle. This 
makes the phase difference between the coil and condenser current 
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less, and results in their cancellation being more imperfect. With 

a smaller degree of cancellation of these two currents, the current 
drawn from the alternator becomes correspondingly larger. The ad- 

dition of resistance to the coil branch of the circuit increases 
the impedance of this branch, which results in the flow of a small- 
er coil current. However, even if the impedance of the coil branch 
were exactly equal to the impedance of the condenser branch (which 

would make both currents equal), yet these two currents could not 

perfectly neutralize each other, since they would not be exactly 
180 degrees out of phase. In order to have perfect cancellation 
of these two currents, there would have to be absolutely no resis- 
tance in either branch of the circuit, since it is only by this 

means that the two currents can be made exactly out of phase. 

It can be said that the alternator supplies enough power to this 

circuit to compensate for the power dissipated by the current flow- 

ing through the resistance of the circuit. 
The resonant frequency of this circuit is 60 cycles. If the 

frequency of the applied voltage is changed to 50 cycles, a dif- 

ferent set of conditions will exist. The inductive reactance of 

the coil calculated for a frequency of 50 cycles is 45.8 ohms. 

The capacitive reactance of the condenser at this frequency is 66 

ohms. The current flowing through the coil is: 

IL = 110 - 45.8 

= 2.4 amperes 

The condenser current is: 

I: = 110 _ 66 

= 1.6 amperes 

Again assuming that the circuit contains no resistance, the coil 

current and the condenser current are exactly out of phase. There 

are, therefore, in the line leading from the alternator, two cur- 

rents: one, 2.4 amperes, and the other, 1.6 amperes, and they are 

180 degrees out of phase. At a given instant, there will be 2.4 

amperes flowing out of the top terminal of the alternator at the 

same time that 1.6 amperes are flowing into the top terminal of 

the alternator. This results in a net current of .8 ampere (the 

difference between 2.4 amperes and 1.6 amperes), which flows out 

of the top of the alternator toward the parallel combination at the 

instant under consideration. Meter M1 reads .8 amperes; neter 42, 

2.4 amperes; meter M3, 1.6 amperes. This circuit illustrates the 

effect of applying to a parallel resonant circuit, a voltage whose 

frequency is less than the resonant frequency of the circuit. At 

a frequency lower than resonance, the inductive reactance of the 

coil is less than the capacitive reactance of the condenser. There- 

fore, the coil will draw more current than the condenser, and since 

the coil current and condenser current are not equal, they cannot 

exactly cancel each other, and there will be some current flowing 

in the line from the alternator. The addition of resistance to 
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either the coil or condenser branch would make the cancellation 
of the two currents in the line even less complete and would re- 
sult in a greater current being drawn from the alternator. 

If a frequency higher than the resonant frequency of the cir- 
cuit is applied to the parallel combination of the coil and the 
condenser, the inductive reactance of the coil is greater than the 
capacitive reactance of the condenser. The condenser, therefore, 
draws more current than the coil. Even though the two currents are 
exactly out of phase (assuming that no resistance is present), since 
they are unequal, complete cancellation is impossible. Let us ap- 
ply a 70 -cycle alternating voltage to this same circuit we have 
been using. By calculation, the inductive reactance of the coil 
is found to be 64.2 ohms and the capacitive reactance of the con- 
denser 47.1 ohms. The coil current is: 

IL = 110 = 64.2 

= 1.7 amperes 

The condenser current is: 

Ic = 110 = 47.1 

= 2.3 amperes 

The difference between the coil current and the condenser current 
is .6 ampere, which is the net current that must flow from the al- 
ternator to the parallel resonant circuit. 

Let us consider what all this means. Assuming that the parallel 
resonant circuit has a very low resistance, the application of the 
60 -cycle alternating voltage to this circuit causes a very small 
line current flow. This line current would probably be on the or- 
der of .1 ampere. The 50 -cycle alternating voltage produces aline 
current of .8 ampere, and the 70 -cycle voltage, a current of .6 am- 
pere. Thus, it can be seen that any frequency, either above or be- 
low the resonant frequency, allows more line current to flow than 
will flow at the resonant frequency of 60 cycles. 

It has been stated that the 60 -cycle alternating voltage caused 
a current of 100 ma. to flow out of the alternator. If 110 volts 
can force 100 ma. through the circuit, the effective resistance of 
the circuit is: 

R = E 

- 110 

.1 

= 1100 ohms 

The parallel resonant circuit is offering a resistance of 1100 ohms 
to the alternator. Since the inductive reactance of the coil is 
equal to the capacitive reactance of the condenser, this circuit 
will cause neither a leading current nor a lagging current in the 
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line from the alternator,"but will act just the same as an 1100 - 

ohm resistor in its place would act to the output of a 110 -volt 

60 -cycle alternator. This 1100 ohms is known as the shunt impedance 

or the effective impedance of the parallel resonant circuit and it 

acts like a pure resistance, causing neither a lead dor'lag of the 

current. 
When the frequency of the applied voltage was 50 cycles, the 

current flowing through the alternator was .8 ampere. Let us cal- 

culate the effective impedance of the parallel circuit at this fre- 

'quency. We have: 

R= 

= 110 
.8 

= 138 ohms. 

When a frequency of 70 cycles was applied to the circuit, the line 

current was .6 ampere. Therefore, the effective impedance of the 

parallel circuit at 70 cycles is: 

R 

=110 
.6 

= 183 ohms. 

Notice that the effective tspedance of the parallel resonant'ctr-- 

cult is treatest When the frequency of the applied uoltate is the 

resonant frequency of the circuit. At other frequencies, either 

higher or lower, the effective impedance of the parallel resonant 

circuit is considerably less. Obviously, the more lint current or 

current drawn froi the alternator at a given frequency, the smaller 

is the effective impedance of the parallel circuit at that frequency. 

Let us assume that there is available a voltage source whose 

frequency can be varied from zero frequency (corresponding to dir- 

ect,current) to an infinitely -high frequency. This voltage source 

is connected to a parallel resonant circuit and included in the 

circuit are three meters to read the line current, the coil current, 

and the condenser current(see Fig. 10y. When a pure direct volt- 

age is applied -to this circuit, the meter Me reads zero; that is, 

there is no condenser current flowing since the cdpacitive reactance 

of the condenser to pure direct current is infinitely high. Meter 

Ml. indicates a very,high current. To pure direct current, the 

coil has a zero inductive reactance and the current through it is 

limited only by the resistance of the coil itself. Since Any cur- 

rent that flows through the coil must also flow out- of the alter- 

nator, the meter Ms indicates the sane amount of current as meter 

M,. As the frequency of the' applied voltage is increased, the in- 

ductive reactance of the coil increases and the meter M= indicates 

that less current is flowing through the coil. An increase in frees 
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quency causes a decrease in the capacitive reactance of the conden- 
ser and the meter Ma indicates that a small current is flowing in 
the condenser branch. Since the coil current and the condenser 
current are 180 degrees out of phase, the line current, as read by 
meter M1, is equal to their difference. When the frequency of the 
applied voltage is raised, the coil current is reduced and the 

M1 

Variable 
Frequency 
Alternator 

Fig.1O Circuit used to ex- 

frequn encye ofthetvolf taggeyapplied 
to a parallel resonant circuit. 

condenser current increased, which, thereby, decreases their dif- 
ference and causes meter M1 to indicate a smaller line current. 
The line current, therefore, steadily decreases as the frequency 
is raised. Finally, a point is reached where the coil current is 
equal to the condenser current. Since their difference is then 
zero, the line current as read by meter K1 is zero and no current 
is being drawn from the alternator. Actually, however, we cannot 
obtain these theoretical results since it is impossible to have 
any circuit that does not contain some resistance. However, at 
the particular frequency at which the coil current is equal to the 
condenser current, the meter M1 indicates that a minimum value of 
current is'flowing in the line. If the circuit is so designed 
that its resistance is purposely kept as low as possible, the line 
current at this point, as read by M1, is very small as compared to 
the current drawn by the coil and the condenser. This particular 
frequency is known as the resonant frequency of the parallel reso- 
nant circuit. A continued increase in the frequency of the applied 
voltage.above the resonant frequency produces an increase in the 
inductive reactance of the coil, and a decrease in the capacitive 
reactance of the condenser. The coil current becomes 11er, and 
the condenser current larger; their difference increases and the 
'line current becomes greater. The higher the frequency of the ap- 
plied voltage is above the resonant frequency, the greater is the 
difference between IL and Ic and, as a result, the greater the 
line current. If it were possible to increase the frequency of 
the applied voltage to an infinite value, the inductive reactance 
of the coil would be infinite, allowing no current to flow through 
the coil; the capacitive reactance of the condenser would be zero, 
allowing a very large current to flow through the condenser limit- 
ed only by the resistance of the circuit. At this point, the meter 
M1 would indicate the same amount of current as the meter Me. 
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' It should -be evident thatfa parallel resonant:circuit is just 
opposite in effect to that of a series resonant circuit. .The'series 
resonant circuit allows a sartsus.current to;flow.at the resonant 
frequency and a ssailer current at any -other frequency. A parallel. 
resonant circuit allows a. minimum current to flow at the resonant 
frequency and a laciercurrent 'at' any other frequency. Or, in 
other words, we can say that a series resonant circuit offers aini- 
mum opposition to current of the resonant frequency,. while a paral- 
lel resonant circuit offers saxiiva'opposition to current of the 
resonant frequency. , Understand, .that by current, we wean 'the cur- 
rent drawn'froa the alternator or voltage source: Parallel.reso- 
nance is' often called "current resonance", since the current -flow- 
ing in the coil.and condenser branches -at, the resonant frequency 
isaany times greater than the line current at that frequency.. 

The addition of resistance to either the series or parallel 
resonant circuit causes the resonant effect to'be less pronounced. 
When the resistance of a series resonant circuit'is increased, the 
amount of current that can flow at the resonant frequency is, de-, 

creased. When the resistance.,pf a parallel resonant circuit is 
increased, the amount of line..eurrent that can flow at the reso- 
nant frequency is'increased provided thát the additional resistance 
is placed eitherin the coil or'condenser branch of the circuit and 
not in the line. All resonant circuits with which we. shall deal 
in'our'study of Radio and Television will be designed to have.a 
minimum -of resistance. 

- 

3. WAND DC -'IN 'TBE' SANE CIRCUIT: Suppose that a circuit 
has- a pure- direct current of' 100 aa. flowing through .it. This 
current is represented by the diagram A in Fig. 11. In Lesson 6 
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an alternating cur- 
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it ryas learned that a pure direct current could be represented by 
a line drawn parallel to the zero axis at a distance above the 
axis equal to the value of the. currént. In this same circuit, 
there is, in addition to this unvarying current, an alternating 
current whose peak value is 100 ma. Its wave form is shown at B 
in Fig. 11. This 'alternating current 'starts from zero, rises to 

a positive maximum value of 100 ma., falls to' zero, rises to a 
negative maximum value of'100 ma., returns to zero, and then con- 
tinues this periodic variation throughout succeeding cycles. A 
graphical method for adding two AC waves not in phase was given in 
Lesson 13. This same method may be used to find the sum or result- 
ant of an alternating current and a direct current. To expedite 
this:addition, the AC wave is placed directly below the diagram 

representing the DC and vertical lines are drawn through various 
instants of the cycle. At the point marked 1, the DC has a value 
of 100 ma. and the AC a value of zero. Therefore, the resultant 
large shown at C has a value at this point of 100 ma. At point 2, 
the DC has a value of 100 ma. and the.AC a value of 100 ma. in 
the positive direction. Therefore, the resultant wave has a value 
of 200 ma. at this point. At point 3, the DC has a value of 100 
ma. and the AC 'a value of zero. The resultant wave, therefore, 
has a value of 100 ma. at this point. At point 4, the DC is still. 
100 mai and the AC is 100 ma. in the negative direction., Since 
the two currents are flowing in opposite directions, the net cur- 
rent or their resultant is found by subtracting one from the other. 
This makes the value of the resultant wave at point 4 equal to zero. 
Again, at point 5, the DC has a valpe,of 100 ma., the AC a value 
of zero, and the resultant wave a value of 100 ma., and so on through - 
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out .the subsequent cycles of .alternating current. ti From_diagram 
C ,in the figure, it, is noticed that the current starts from 100 
me., rises to .a value of 200 ma., falls to a minisam, of zero, rises 
to --200 ma., and so on throughout the succeeding cycles. It is a 
varying or pulsating wave, but it never crosses the zero axis. - 

Therefore, it is notan alternating current, since it always flows 
in just one direction. A current which flows in just one direction 
is a DC current and, since this one is .af varying value, it is 

called a pulsating direct current. - 

From the foregoing discussion, we may;generalize-and s4' that. 

the addition of a pure direct ourrent to'en alternating current 
results in a pulsating direct . current, provided that the peak :value 

of the AC wave is not greater than the -value of the pure'.direct 
current. Let us take another example. A pure direct current of 
100 ms., and an alternating current of.10 ma. are flowing-in.the 11 

-same circuit. The diagrams of the two -currents .are shown at A and' r 

B in Fig. 12. The resultant current -,is shown at,C in the figure. 
It starts from 100 ma., rises to a maximum of .110 ma., falls to a 
minimum of 90 ma., and then repeats this cyclical variation.. -The 

-resultant wave isa pulsating direct current,as-before. 
- It has been, demonstrated that, -the ¡um -of a pure direct .cur- 

rentland an alternating current is a pulsating' direct current. . 

Since this is so, the converse should be true; that is, it should 
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be possible to break down any pulsating direct current wave into 
the pure direct current and the AC wave of which it is composed. 
For example: suppose that a pulsating direct current starts at a 
value of 50 ma., rises to a maximum of 70 ma., falls to a minimum 
value of 30 ma., and then repeats this variation. This wave form 
is shown at A in Fig. 13. Itis possibly. to resolve this pulsating 
direct current into a pure direct current whose value is 50 ma., 

and an alternating current whose peak value is 20 ma. The pure 
direct current is shown at B, and the alternating current at C in 
Fig. 13. The pure direct current is called the DC component of 
the pulsating DC waveform, and the alternating current is known 
as the AC component of the waveform. Notice that the value of 
pure direct current at B is the average value of the pulsating di- 
rect current at A throughout a complete cycle. Likewise, the peak 
value of the alternating current at C is the amount of variation 
above or below this average value through which the pulsating di- 
rect current changes. By a similar method, any pulsating direct 
current whose waveform is the same as that of A in the diagram can 
be resolved into its DC and AC components. 

Not all pulsating direct currents have a waveform like the 
one just discussed. Consider Fig. 14. Here is shown a pulsating 
direct current which changes from zero to a peak value of 100 ma., 

FIg.1A Another type of pulsating direct current. 

returns to zero and then repeats this variation. It is not possi- 
ble to determine the average value of this current at a glance. 
Nor is it possible to determine easily the value of the AC compo- 
nent. It is, however, possible to resolve this waveform into its 
AC and DC components by means of a complicated mathematical pro- 
cedure which need not be considered at this time. 

Notice that the average value of the waveform shown in Fig. 14 

is not zero but is some value between zero and the peak. Any wave- 

form whose average value throughout a complete cycle is not zero 
has a DC component. Although it will not be necessary for us to 
resolve these complex waveforms into their AC and DC components, 
we should know that this process is possible. We should realize 
that any pulsating direct current can be considered as being com- 
posed of a DC and an AC component. 

4. LOW-PASS FILTERS. The average person's idea of a filter 
is a device to separate one thing from another. For example: a 

water filter separates the impurities from the water; an air fil- 

ter separates the dust, etc., from the air. The same general idea 
applies to an electrical filter. An electrical filter of proper 
design may be used to separate widely different frequencies which 
exist in the same circuit. Another type of electric filter is em - 
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ployed .to resolve á pulsating direct"current into -its tño'cospo- 
.nents, DC and AC. This is also a process of separation.' It is 
this type of filter to Which we shall first give attention. 

A coil tends to pass currents of low frequency much more read- 
ily than those of high frequency, and the -reverse is true ,of a 
condenser. Let xis, therefore, consider the circuit shown .iñ Fig. 
15. A source of pulsating direct voltage, whose waveform is shoat - 
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at'A in Pig. 16;- is connected to the input of the. filter. The 
, filter, itself, consists of an iron core choke in series with the 
line and a resistor in parallel, which acts as the load. The pul- 
sating DC source may be resolved into its DC component shown. at 
B is Pig. 16, which has a value of 100 volts and its AC component_ 
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shown at C in the figure, which has a' -peak value/of 100 volts. 
Itis the purpose of the filter to reduce the AC_voltage component 
as much as possible without affecting the DC voltage component 
any more than is absolutely necessary. If the filter were perfect 
in its action, there would be no AC voltage across the load resis- 
tor, while the DC voltage across this resistor would 'be -equal to 
the DC voltage component across the input of the filter. In de- 
" r ining the voltage set up across the load resistor, each of'. 

these components will be considered separately. The inductance 
of the choke is 30 henries and the value of the resistor is 10,000 
obis For simplicity, it is assumed that. the iron core choke has 
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The 6.6. ma. of AC flowing .through . the, 10,000 ohm load resistor 
produces, a. voltage drop oft. , '- - - 

,. , , ,. ar, E = Ix R i 
t 

r- ` i ' = :0066 x 10,000.. 

. . . . --66 volts: 
- 

Remember thativekarensing peak values. in this .calculation and not 
R.N.S. values. In Fig. 17 are shown three diagrams. A represents 
the DC voltage component across the load; It is 100 volts.. B rep- 
resents the AC voltage component across the'load; it has a peak.. 

value of 66 volts. C, their sum, is .thepulsating direct voltage 
across the load; its average value is 100 volts. Notice that this 
pulsating direct voltage varies through a smaller amplitude than 
the pulsating direct input Voltage. The filter, therefore, has 
served to reduce the value of the AC component. Such -a -filter is, 
itself, impractical, since the filtering action is very inefficient. 

A slightly more complicated anda conliderably more'efficient 
t low-pass filter is shown in Fig. 18. This circuit,, except for the 

- ' - 30 Henries 

, l_' 

Flg.18 A singlesection,low-pass fi.lter. 
- 

. 

tnput 

I` 

Mfd. 

10.000W ' 
addition of the 8 mfd., condenser, is the sáme,as the one ,previously 
used. To the input,of this filter, there is connected the same 
pulsating direct voltage used in the foregoes example. Again, 
assuming that the iron core choke has negligible resistance, the 
DC oo onent of the input voltage suffers no loss in passing through 
the filter, and produces 100 volts piñe direct voltage across the 
load resistor. To find the amount of AC voltage produced across 

, 
the load'due to the AC component of the input voltage, the i>.pedanoe 
of the circuit at a frequency of 60 cycles most next be calculated. 
The 30 -henry choke has an inductive reactance of- 11,304 ohms and 
the 8 mfd. condenser a capacitive reactance of 332. ohms. Im paral- 

lel with the 332 ohms of -capacitive reactance are 10,000 ohms of 

Fig.19 'The circuit of Fig. 
111. redrawn 'to show.the rela- 
tion of the circuit elements to 
each othir., _ 

Zl 



resistance. Since 10,000 ohms is so much larger than 332 ohms, 
the shunting effect of the resistor will be negligible, and it can 
be assumed that the effective impedance of this parallel circuit 
is approximately 332 ohms. This circuit has been redrawn in Fig. 
19. The figure shows that the coil and condenser are in series in- 
sofar as the voltage source is concerned. The load resistor is 

drawn in dotted lines, since at present it is being ignored. There 
are 11,304 ohms of inductive reactance in series with 332 ohms of 
capacitive reactance. The net reactance of the circuit is: 

11,304 - 332 = 10,972 ohms 

This net reactance is also the impedance of the circuit. The al- 
ternating current that flows is: 

1 = z 
E 

= loo 
10,972 

= .0092 ampere, or 9.2 ma. 

The voltage across the condenser is: 

Ec = .0092 x 332 

= 3.0544 volts 

This is the peak value of the AC voltage across the condenser and 
since the load resistor is in parallel with the condenser, this is 

DC 

100v 

o ! 

A 

3v i AC 

B 

Pulsating DC 

Fig.20 waveform of the pul- 
sating direct voltage, and its 
DC and AC components which ap- 

UPpear across the output of the 
filter of Fig. 18. 

C 

also the peak value of the AC voltage across the load resistor. 
The total voltage produced across the load resistor is shown in 

Fig. 20. At A is shown the DC voltage component across the load; 
it is 100 volts. At Bis shown the AC voltage component across the 
load; it is approximately 3 volts, peak value. At C is shown the 
result of the addition of these two; it is apulsating direct volt - 
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age having an average value of 100 volts, and it varies three'voltá 
above and below this average value. The total variation of the 
pulsating direct voltage across the loadis considerably less than 
the total variation of the pulsating direct input' voltage The 
filter -has served to' reduce the AC component ton very cr1l value.. 

Fig.21 A two-section 
low-pass filter.' 

Load 

' The circuit just considered is called a One section ioi-pass' 
filter. It reduced the AC component of the input voltage 97%. By 
using two such sections ás shown ,in LFig. 21, and oonnepting the 
output of the first section to the input of the second,otal re- 
duction of 99.91% is obtained. The first section reduces the AC 
component .97%, and the second' section .reduces the output of the 
first section by 97%. The voltage across the load resistor is,' for' 

all, practical purposes, a -pare direct voltage.- Its -AC component. 
has a,peak value of app roximately.09,volts. This very small Armmdll - 

component is often called the "ripple voltage". A two -section low- 
pass filter.. of this type is _very efficient in_ separating the DC. 
component fro. tip Component of a pulsating direct voltage. It 
=is called a low -ass filter, since low -frequency current, in this 
os a direct current or zero frequency, can pass through it easily, 
'while higher frequency currents pass through. it with difficulty. 
In an actual filter, the pure DC output voltage will not be quite 
equal to the DC component of the input voltage, since the chokes 
do have some resistance which causes a voltage loss. 

e T 
- sz 
T T. 

Fig.22 One 'T' section of AO Fig.23 One pi section of a 
low-pass filter. low-pass filter. 

The coils offer a high opposition to the. alternating component 
and a very low opposition to the DC component. 'The condensers of- 
fer slow opposition shorting, path for the AC component and practi- 
cally an infinite opposition to the DC component. Therefore, the 
.coils serve to choke back_,the AC'oomponent and the condensers serve 
to short it from one side of the line to the other. ' 

Filter sections are assembled_ in two. different, fashions.: In 
Fig. .22 is illustratedl,a "T" section.of a low-pass'filter, so-called 
because of its general resemblance-to the letter "T"". In Pik. , 
is illustrated a "pi" section of a 'low-pass filter, which, in ap- 
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resembles the Greek letter 5. Fig..2i shows the ,output .I'7' 
4 

171:::17T" -connected 

fil 

fi.to the input of -another. 'Notice that the two 
t 

coils between -the two reondensers are in series. When inductors '; 

are connected in series,'the'effective inductance is,.equal to the ' 

nun of the separate inductances.,- Therefore, these two.coils-sgy ,, 

be replaced by one whose inductance is equal to their sun, as shown 
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Fi rat Section - Second Section 

11 
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.1114'- rtp121',,. 9o -section pt type low-pass filter:'" 
it Fig.25i -In this figure4 the 'middle coil 'has en inductance = , 

equalto.twioe the inductance of either the input or output coil; 
thus it is a part of -the first'and,also the second seotión-. Wine " 9 

the output of one_pt'seetion filter' is -connected to the input of 
1 a second pi -section filter, a. circuit like that of Fig. 26 is ob- 

Waal. aed... The two inner condensers are in parallel; therefore,- 
wily be replaced by one condenser which has twice the capacity 

they : 
1, - 

either.. The circuit then looks like Fig. 27. , ,In this'oase, the .-,;'- 
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middle condenser is in both the first and second sections. ' ' 

It is possible. to design low-pass filters which have the pimp-' 
erty of -allowing all frequencies below a given frequency to 
through them easily, while all frequencies above the given frequency 
pass through thee'only with great difficulty; that is,' they are 
oonsiderably reduced in valve. This given frequency is called the 
cut-off frequency. The -characteristic of such a filter -is shown 
in,Fig. 28. In this figure, .the current has been plotted against 
the frequency. 

FIg.2e Graph showing the 
filter action of a low-pass 
filter. All currents of 
frequencies lower than the 
cut-off frequency are passed 

CutrDff Frequency 

$ !. ''\C \,; 

\+ i kQá\\` 

'; \ 
a . ` 

\ .. c . ;a\`;\ `` c`P . 

Frequency 

Let us now consider the action of a simple low-pass filter 
from the electron viewpoint. In Fig. 29 is illustrated a pulsating 
direct current voltage source connected to an iron core choke 
aload resistor in series.' It -is assumed that the voltage.ontputQ 
of the Source has a waveform as shown in Fig. 30. The voltage 
starts from a value of 100 volts and rises to a maximum of 200 
volts. As it is rising.from 100 to 200 volts, itlltittempts to force 
more current through the circuit.' As the current rises, it creates 

Pulsating 

DC Voltage 

Source 

Load 
PULSATING DC 

FIg..29 Circuit used to ex- Fig.3O Waveform of pulsating 
plain the action of a low-pass ' voltage applied to Inputs of the 
filter from the electron view- , filters of Figs. 29 and !1. 
point. 

an expanding magnetic field about the choke which cuts through the 
turns of the choke, producing therein a counter voltage which op- 
poses this rise in current, ;Therefore, the current does not rise 
to as high a maximum as it would i -f the ehokeWere not in the oil'- 
'enit. Since the current flowing .through the circuit does not reack 
as high a valve, the -voltage produced across the, load does not 
rise to 200 volts, but to some lesser value.. 

The voltage of the source -now falls to zero, tending to cause 
the current to drop .to zero., As the current decreases through 
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the circuit, the aagñetic field about the iron core choke collapses, 
and in collapsing, it induces in the turns of the choke a voltage 
which tends to keep the current flowing. The counter voltage in- 
duced in the choke keeps the current from falling to zero. It 
does not, however, prevent it from varying at all. This minimum 
current in flowing through the load resistor produces a voltage 
drop across it which is somewhat greater than zero. Let us say, 
for example, that the voltage produced across the load varies from 
a maximum of 150 volts to a minimum of 50 volts. The self-induced 
voltages in the choke have reduced the AC component of the voltage 
source, or we can say that the voltage across the load is less 
varying, or varies through smaller amplitudes than the voltage of 
the source. This is a somewhat imperfect low-pass filter. 

i 

10 Ma. 

Load 

Fig.3i Illustrating thecurrents 
which flow In the various parts of 
a low-pass filter when the applied 
pulsating DC voltage Is at its av- 
erage value. 

Now let us add a condenser to the filter as shown in Fig. 31. 
First, assume that the voltage of the source is 100 volts, end 
that this voltage forces a current of 10 ma. through the load. 
The voltage of the source begins to increase to 200 volts. As 
previously explained, the choke produces a self-induced voltage 
which tends to prevent the current from increasing. The action of 
the choke is not perfect, however, so the current through it does 
increase somewhat. Most of the increased current goes to charge 
the condenser and does not flow through the load; that is, when 
the voltage was 100 volts, electrons were flowing out of the top 
of the voltage source, through the coil and down through the load. 
Then, when the current increased, most of the extra electrons flowed 
out of the top of the voltage source, through the coil end so on 
to the top plate of the condenser; very few extra ones went down 
through the load. As these extra electrons flowed on to the 
'top plate of the condenser, they repelled an equal number of elec- 
trons from the bottom plate. These electrons that were on the 
bottom of the plate now flow back to the positive terminal of the 
voltage source. Let us say that the current through the circuit 
tends to rise from 10 to 20 ma. as the voltage of the source rises 
from 100 to 200 volts. Since the choke tends to prevent a rise in 
current, let us assume that the maximum increase in current through 
the choke is from 10 to 15 ma. If the condenser were not in the 
circuit, a maximum of 15 ma. would flow through the load. With 
the condenser in the'circuit, 4 ma. of this 15 ma. will flow into 
the condenser, the other 11 ma. going through the load. Likewise, 
4 ma. will flow out of the bottom of the condenser, joining the 
11 ma. which come from the bottom of the load, and the combined 
15 ma. will then flow backto the positive terminal.of the voltage 
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I 
7. 

ii source. Evensthd- the- current has changed frost 10 to. '15 as., 
the current thfo., the load resistor only changes from 10 to 11 
as. The values of the currents flowing through the various parts 
of the circuit, when the applied voltage is at its ~data value 
of 200 volts, are shown in Fig. 32. 

The voltageof the source now falls to zero, tending to cause 
the current flowing through the circuit to drop to zero. The self- 
induced voltage of the choke, however, prevents the current from 
falling below 5 as; This 5 ma. flows through the load resistor 
and, in -addition 'to, this, the condenser discharges 4. aa.,, which 

t- 

11 a,. M ,, 
1 fi 

Fig.ss2 Illústratin the cur- Fig.)! Illustrating the cur - 
'rent flow'when the applied volt- rent flow when thrépplied volt- 
'aae is at -its maximum value. ,--,age Is zero. 

r5 Ma. t9 Ma. 

also flows through the load. -The total'current flowing through, 
the load is, therefore, 9 aa. Prom the bottoa of the load, this 
9 aa. divide, 4 as. flowing into the condenser and 5 as. flowing 
back to the voltage source. This condition is illustrated in'Fig. 
33. If the load resistor is 10,000 ohas, the voltage across it 
when 'the voltage of the source is 100 volts,, is:t - 

E = Ix R 

. _ . 01 x 10,000 ` , 
' 
i' i, - - = 100 volts. .i , ,2 

''. 

Thin whin ' the voltage across the source rises ' to '200 volts, the 
current through the load. rises to 11 aa., producing a voltage across 

.. 
. 

the load o f : 
,-t. o . 4' ,. .1 . .,...''-'1 , + I's? :-4 4.5 1, 

t 

r' . t w'. 
E 

_ - .0 .r ',-I.'.'J._+ 
-,r, ! i 

- . . .= .011.Ií 10¡000 3l.r'Í 1iFg'a..l 
- Y f ' - , I 1,' - " .5 . .Ll . ' C. . _ '. , i , ;=110volts r ;' , 

fa 
When the source of vóltage falls to meró, the,ourreat thr'ough--the 
load drops_to 9 aa., producing a voltage,ácross the load, of: , 

. s 
_ . .,c1 .; -' "_ E. ' .Z x R 

. ' . -. -i .t. .:1 ?: 
_ .t . , . ;, ' . 009 x -+2 e1., n.' . - .:, n. --. . 

. ` 
1 

,4-> . '' 9lir , _ .ri `4'r!+ ,'h .:.r _..v' 
, = 90 volts 
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pass filter. . 

Thus the total variation 'of the input voltage'is 200 volts (from 
. 0 to 200), while the total variation of the'load voltage is only 

20 volts (from 90 to 110). The filter has reduced, the variation 
90%. ' 

. . ' 

.--- 
Output.. 

1 

,' ; ...__ e. 
Fig.94 A sIngl.e,section.high- Fig.ls Ane 'T' section of a 

high-Pass filter:' 

We. should'realize that, of course, no electrons actually flaw 
through the dielectric of the condenser; it merely charges and dis- 
charges, and in so daing, tends to keep the current through the 
load at a more Constant value. When the current from the source 
is greater than normal, the condenser charges, storing this extra 
current. .Then, when the current from the source -is less than nor- 
mal or average, the condenser discharges through the load,.releas- 
ing the. stored, current and keeping the current through the load at 
a more constant value.. This by-passing action of the condenser 
will not be effective unless the condenser's capacitive reactance 
is considerably less than the resistance .of the load. Also, -the 
inductive reactance of the choke should.be considerably greater 
than the resistance of the load, if the filter is to be effective. 
In Lesson 16 we shall have occasim to use low-pass filters. 

2C 2C 2C 2C 2C 2C C 2C 

I 

.First Section Second Section - 

Fig.36 Method of forming,la Fig.)? A two-section T type' 
T- type high-pass filter from 

' ' high-pass ?toter.. 
,two sections. , . 1 

5. HI( -PASS FILTERS. Obviously, a high-pass filter is one 
which will pass currents of all frequencies above the cut-off fre- 
quency and reject all lower frequencies. A single section high- 
pass filter is illustrated in ,Fig. 34. It consists of a condenser 
connected in series with the line and choke connected in_ parallel 
with the line.. The condenser allows the easy passage of high -fre- 
quency currents and tends to'oppose low -frequency currents. The 
choke shorts the low -frequency currents from one side of the line 
to the other' but has practically no effect upon high -frequency 
currents. A "T" section of a high-pass filter is illustrated in Fig. 
35. Fig. 36 shows the output of one "T" section high-pass filter 
connected to the input of a second section. The two condensers be- 
tween the chokes are in series; they may, therefore, be, replaced 
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one condenser, whose capacity is -half that of either of them. 
This is shown in Fig. 37. The two end condensers have twice the 
capacity of the center condenser. Fig. 38 shows s:,pi section ,of 
e high-pass filter, and Fig. 39 illustrates two. pi sections con- - 

nected together. The tno inner chokes are in parallel and mqy'. 

.4 

Section' Secdnd Section 

Fi'g.38 One pi section. -0 a Fig. S9 'Method of forming a 
Mph-peed filter. 

pi typetiigh,pass 
filter from 

replaced by a single choke equal to their effective inductance. 
The reconstructed circuit is shown in Fig. 40; the two end chokes 
have twice the inductance of the middle choke. High-pass filters 
are sometimes used in dynamic Speaker circuits to reject all fre- 
yneemmaaiea of 120 cycles or lower, end to pass all higher frequencies. 
Asir major application, however, is to pass a band of high fre- 
gsemcies, when used in conjunction with low-pass.filters, 

- - c 

Fig.;O A'two-sect'I_on pi type high- ' 
pass filter. . 

. 2L 

Other applications of resonant circuits and filter circuits 
/will be introduced in future lessons when they are needed for var- 
ions phases of Radio sad Television. Methods of calculating the 
enact values for definite characteristics in these types of cir- 

. omits will be given. 
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GREEK ALPHABET 

Greek 
letter 

Greek 
name 

English 
equivalent 

Greek 
letter 

Greek 
name 

English 
equivalent 

a Alpha a y Nu n 
0 Beta b E Xi x 
Y Gamma g o Omicron o 
6 Delta d n Pi p 
e Epsilon e p Rho r 

Zeta z a Sigma s 
+) Eta e T Tau t 
A Theta th u Upsilon u 
1 Iota i p Phi ph 
x Kappa k x Chi ch 
X Lambda 1 W Psi ps 
µ Mu m w Omega o 
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THE "IFFER" 
a little word with a tragic meaning. 

The little word 'if' is probably used to a greater 
extent by 'men that might have been a success' than any 
other group of individuals. They use it to explain why 
they are up against it or to tell their listeners how 
close.they were to success. For example, there are many 
men today who will tell you what a wonderful opportunity 
they had to make a lot of money when radio broadcasting 
became a reality 'IF' they had only done this or that. 
But the strange thing about such men is that radio has 
been chuck full of money -making opportunities ever since 
its advent, yet they have failed to take advantage of 
them. It is unfortunate to know that professional 'if- 
fers' will always lay their failures at the door of 'if', 
for they must have some excuse. Of course, not all men 
'who are failures can be placed in the 'iffer' classifi- 
cation. Some are just plain unfortunate. 

Probably you have experienced an .occasion or two 
when you could have made more money 'if' you had done 
something different. But regardless of whether you have 
or not, make a resolution right now that you are NOT go- 
ing to be an 'iffer' failure cast the word 'if' out 
of your vocabulary! 

Marvelous new discoveries are continually opening 
up fresh opportunities in the radio field. What the fu- 
ture will bring is beyond the realm of our -most vivid 
imagination: Right now, you are taking athorough course 
of instruction that will prepare you for a better job in 
radio. Furthermore, you are securing training which 
will make it possible for you to take advantage of future 
money -making opportunities created by new radio discov- 
eries. Stick to your studies and we are sure there will 
be no need for you to use the word 'if' in the future. 
Every lesson that you complete, every examination paper 
that you send us, removes you farther and farther from 
the 'iffer' group of men that 'might have been'. 

You are on the track that leads to success in life. 
Stay on that track, for it leads to the realization of 
your hopes and ambitions! 

Copyright 1942 

By 

Midland Radio & Television 
Schools, Inc. 

PRINTED IN USA. 
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Lesson Fifteen 

CONSTRUCTION 
of BATTERIES /1_ 3 

t ----.I . 

"Batteries are used exten- 
sively on all types of radio re- W 
ceivers that cannot be operated from . 

'an AC supply line. About 50% of all radio 
stations use batteries for some purpose or another, and every ship 
radio installation has battery supply. 

"No Radio -Television training would be complete without a thor- 
ough understanding of the theory of operation of all types of bat- 
teries. Therefore, in this lesson, I an going to cover the con- 
struction and principle of operation of both dry and wet cells." 

1. THE IMPORTANCE OF BATTERIES. A battery is a ceuice cap- 
able of concerting chemical energy into electrical energy. Bat- 
teries have been used for many years as the source of electrical 
power for the grid, filament, and plate circuits of a vacuum tube. 
Prior to 1927, the vacuum tubes available on the commercial market 
were designed in such a manner that satisfactory operation could 
be secured only when a DC voltage was applied to the filament. The 
battery was the source of DC voltage commonly used. The advent of 
vacuum tubes designed to operate from an AC filament supply and the 
perfection of commercial vacuum tube rectifier circuits have elim- 
inated the use of batteries as power supply wherever an AC source 
of voltage is available. It is still necessary, however, for those 
residing in rural communities to depend entirely upon batteries as 
the power source for radio receiver operation. Farm receivers are 
far more numerous than realized by the average person who lives in 
a locality served by an AC power supply. Constant association with 
modern conveniences, made possible by public power distribution, has 
caused those service -men and residents f metropolitan areas to 
disregard the importance o: any but the all -electric radio receivers. 
However, the rural service -man is well acquainted with the fact 
that more than 2,800,000 battery receivers are now in operation. 
These receivers must be properly services the same as all -electric 
sets, and their maintenance requires a thorough knowledge of modern, 
highly efficient batteries. 
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In addition to the use of batteries for receiver operation, 
they are also employed in several other branches of the Radio and 
Television industry. A few examples are: electrical measuring in- 
struments; portable receiving and transmitting equipment; marine 
radio; police radio; and aeronautical radio. 

For these reasons, a fundamental knowledge of the construction 
and characteristics of batteries is of extreme importance to a mod- 
ern radio technician. The theoretical chemical reactions involved 
in the operation of batteries is of little consequence in the study 
of Radio and Television except in those instances where the opera- 
ting characteristics of the battery are affected. To properly 
maintain and care for batteries, a general knowledge of their con- 
struction is essential. In this lesson the construction and opera- 
ting characteristics of the more popular types of batteries will 
be given. The chemicals used in the various batteries will be named, 
but the theoretical chemical reactions are reviewed only when it 
is necessary from the standpoint of maintenance procedure. Students 
whose knowledge of chemistry permits may reinforce the herein con- 
tained information for their own personal satisfaction; however, 
such study is not necessary for future work in Radio and Television. 

.2. PRIMARY' AND SECONDARY CELLS. All batteries* may be sub- 
divided into two general classifications. These are: (1) Primary 
batteries. (2) Secondary batteries. 

A primary cell is defined as one to which the chemical re- 
action is not reversible. This means that after the chemical re- 
action has gone to completion; it is necessary to discard the cell 
and replace with a new one. 

secondary cell is defined as a cell in which the chemical 
reaction may be reversed. This means that the chemical energy 
originally possessed by the battery can be replaced after it has 
been consumed. 

All types of cells, such as flashlight batteries, Radio B and 
C batteries Air Cells, etc., are included under the classifi- 
cation of primary cells, whereas the so-called "storage batteries"; 
such as automobile batteries, radio A batteries, and Edison bat- 
teries are classified as secondary cells. 

Primary and secondary batteries are of equal importance in 
the study .of Radio and Television. The construction of the dry 
cell is the simpler of the two, so we shall begin our study of bat- 
teries with this type. 

3. DRY CEILaS. The dry cell is not "dry" in the true techni- 
cal sense of the lord, because it contains a moist chemical solu- 
tion which is extremely important in the operation of the cell. 
The word "dry" has come into common usage for describing this type 
of cell because the moist solution is in the form of apaste rather 
than a free -flowing liquid. 

Th. words "battery" and 'cell' are consistentlyinterchanged because a battery 
Is nothing more than several individual cells connected in serles. Any definition or 
explanation pertaining to a cell likewise applies to a battery, and vice-versa. 
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In order to construct any electrical cell{ it.is necessary; to 
provide two electrodes, one of which is at a higher potential than 
the other. In other words; an accumulation of electrons must oo- 
cur on one of the electrodes -and a deficiency. o£ electrons must 
be effected on the other.- ,Asa.result of this electron difference; - 

these two electrodes are. negative and 'positive, respectively, and 
are capable of forcing a ctirrent.through an external circuit con . 

netted across them. 
Many years.ago, it was discovered that if two dissimilar sub- 

stances were held apart in a certain chemical solution, electrons 
would be transferred from one substance to the other. Of course, 
it is true that not all different kinds of substances immersed in 
any kind of"liquid solution are capable of producing this effect. 
Certain combinations which have been found particularly effective 
are copper and zinc immersed in a solution of sulphuric acid and 
water; carbon and zinc in ammonium chloride; lead andlead peroxide 
in sulphuric acid and water; iron and nickel oxide in potassium hy- 
droxide and water; etc.. The extent of the electrical voltage pro- 
duced across the two electrodes of the cell depends entirely upon 
the kind of electrodes used and the type of solution in which the 
electrodes are immersed. The actual physical size of the cell has 
no effect -on the initial voltage produced. 

Of the voltage producing chemical -combinations just mentioned, 
the dry cell consists of zinc and carbon electrodes immersed in a' 
solution of ammonium chloride. This ammonium chloride is commer- 
cially' known as sal -ammoniac, and the chemical formula -for it is 
NH4C1. This particular combination of chemicals was discovered 
by Leclanche. The commercial dry' cell at the present time 'is 
merely a modification of the original' cell invented by Leclanche. 
The voltage produced across the electrodes in a cellof this type 
is about 1.5 volts when all of the constituent chemicals are in 
good condition. As the cell is used to produce electrical power, 
some of the chemicals are consumed or "eaten away", resulting in 
a lower voltage. This consumption of the chemicals represents the 
normal deterioration which is to be expected as the cell delivers 
electrical power. When the cell's voltage drops below a useful value, 
_it must be discarded and -replaced. 

.A cross-sectional view 'showing the internal construction of 
a typical. dry cell is shown in Fig. 1. The'cell fundamentally" - 
consists of a zinc cup that has been lined with an absorbent lay- 
er of blotting papers.,. The absorbent blotting paper is saturated 
with asolution of sal -ammoniac and zinc chloride. As mentioned 
previously, the sal -ammoniac is essential for the chemical opera- 
tion of the cell,; however, the zinc chloride does not enter into 
this reaction. Its purpose is to counteract any deteriorating ef- 
fect which may occur during the shelf lifeº of the cell. A large 

Fig. 1. 

This absorbent blotting paper is labeled "paste coated pulpboard separator in 

The shelf life of a cell is the length of time after manufacture that the cell 
still possesses a useful voltage, assuming it has not yet been placed in operation. ' 
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carbon rod extends down through the center of :the zinc cup. ,fThe 
rod is not of sufficient length to touch the bottom of the cup. The 
space between the carbon rod and the saturated blotting paper is 
filled with .a paste consisting of a mixture of granulated carbon, 
manganese' dioxide, sal-ammoniac, and lino chloride. This pasty' 
solution serves to maintain a supply of the sal-ammoniac and zinc 
chloride to be absorbed by the blotting paper. The manganese di- 
oxide and granulated carbon in the mixture do not enter chemical- 
ly into the operation of the cell, except that the manganese di- 
oxide acts as a depolarizert- for- the hydrogen bubbles formed around 
the surface of the carbonrod. A thin layer of, sand is placed 
over the top of the manganese .dioxide mixture in some dry cells. 
Other manufacturers merely leave a smell space to serve as an ex- 
pansion chamber: ' A waterproof 'sealing cement or a tight paper 

Oepolarizers must be used in all types of primary and secondary cells to' re - 
vent a high internal resistance of -the cell. This subject will be discussed fully in a 

subsequent paragraph of this lesion. 
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gasket covers the top of the cell. Perfect sealing of the cell 
is very essential, for if air is allowed to enter, the active 
chemical constituents become dried out, resulting in ruination of 
the cell. The binding posts for connection to the external cir- 
cuit are connected to tie zinc cup and carbon rod. The chemical 
action occurring within the cell causes the zinc cup to become 
negatively charged and the carbon rod to become positively charg- 
ed. When the external circuit is completed, the electrical volt- 
age produced across the positive and negative terminals of the 
cell is capable of forcing a DC current through the circuit from 
the negative to the positive terminal. 

When current is drawn from the cell, the zinc electrode is 
affected by the electrolyte solution, caLsing it to be eaten away. 
As the pure zinc is eaten away, a crystalline formation of solid 
zinc chloride appears over its surface. This solid zinc chloride 
is white, and no doubt you have noticed it many times on flash- 
light batteries after they have been used to depletion. 

Theoretically, the life of a dry cell should continue until 
the zinc cup is entirely eaten away; however, this is not true in 
a practical sense, because an increase of resistance within the 
cell will cause its useful life to end when some of the zinc still 
remains in its original condition. Those dry cells which are small 
in physical size will not provide as long a useful life as the 
larger cells, considering that each of them is subjected to the 
same drain, simply because the larger cell has a greater amount 
of zinc originally available for deterioration. The positive car- 
bon terminal of the cell is not affected by the chemical action; 
however, it must expose a reasonable amount of surface area in 
order to provide an efficient life. The life of the cell also de- 
pends upon the quantity of depolarizing manganese dioxide which 
can be used in the cell. For these reasons, the size of the car- 
bon rod and the quantity of depolarizer (manganese dioxide) must 
be selected with a reasonable degree of compromise consistent with 
the permissible physical dimensions of the cell. 

4. ELECTROLYTES. An electrolyte is a moist or liquid solu- 
tion which is capable of conducting an electric current. The con- 
ductance of an electrolytic solution depends upon several chemical 
factors which we shall not discuss for obvious reasons. Insofar 
as the construction of any battery is concerned, the electrolyte 
solution must be such that its conductance is very high, or, stat- 
ed in other words, its resistance must be extremely low. The 
electrolyte solution in the dry cell consists of mmonium chloride 
(sal -ammoniac). Ammonium chloride has a high electrical conduc- 
tivity, which makes it satisfactory for ;he electrolyte solution 
in a dry dell. Other electrolytes which we shall encounter in the 
study of other types of batteries are: sodium hydroxide, potassium 
hydroxide, and sulphuric acid. All of these chemical solutions 
possess the property of offering low resistance to the passage of 
an electric current. High -resistance electrolytes are entirely 
unsuitable for use in the construction of any type of battery. 
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5. LOCAL ACTION. Local action is an internal chemical ac- 

tion which generally occurs at the negative terminal of a battery 

and causes the useful life to decrease. Local action'is in no.way 

effective in supplying electrical energy to a circuit corrected 

across the terminals of the battery. The common cause for local 

action is impurities in the chemical constituents of the cell. 

For example, in the dry cell, the zinc which is used for the neg- 

ative terminal may contain certain impurities, such as carbon, iron, 

etc. These impurities are possibly imbedded within the zinc to 

the extent that they cannot be removed economically by' the ordin- 

ary commercial methods of preparing the zinc container. After the 

assembly of the cell, these impurities come into contact with the 

electrolyte solution and set up a minute active cell, thus causing 

an internal discharge of the chemical energy. If these minute, 

internal discharging cells are sufficient in number, the result 

is a complete deterioration of the active chemicals within a short 

length of time. Manufacturers attempt to maintain the original 

purity of the zinc to as high a degree as possible in order to pre- 

vent local action. 
Local action occurs not only in dry cells, but also in all 

other types of batteries, both primary and secondary. Its cause 

in each case is fundamentally the impurity'of the active substances 

involved. 

6. POLARIZATION AND DEPOLARIZATION. During the chemical 

action which occurs in nearly all types of primary cells, hydrogen 

gas is formed over the surface of the positive. terminal. The posi- 

tive terminal of a primary cell generally consists of copper or 

carbon, and hydrogen gas will not combine with the carbon or cop- 

per electrode. Instead, the hydrogen gas clings, in the form of 

bubbles, until its lightness causes it to rise to the top of the 

cell and escape into the air. In the case of the dry cell, the 

top of the cell is sealed, so there is no possible chance for the 

hydrogen gas to escape into the air; hence, it is necessary to use 

some other method of preventing it from collecting. If not pre- 

vented, this layer of gas tends to set up a voltage in a direction 

opposite to that of the cell and thus decreases the voltage output 

of the cell. It also reduces the conducting area of the plates 

and so increases the internal resistance of the cell. The forma- 

tion of a hydrogen gas on the surface of the positive electrode is 

called "polarization". 
In a dry cell, manganese dioxide is introduced into the cell 

to serve as a means of preventing polarization. Any substance 

which is employed to this respect is known as a "depolarizer" be- 

cause of the counteracting effect it has on polarization. When 

manganese dioxide is used as a depolarizer, part of the oxygen 

which ít contains will combine with the hydrogen gas to fora water. 

As long as the hydrogen gas is not produced too rapidly and as long 

as the manganese dioxide is in good condition, all of the hydrogen 

gas formed over the surface of the positive terminal will be de- 

polarized, and the internal resistance of the cell will remain at 

a low value. Fig. 2 shows this action diagramatically. 
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Other types of primary cells may secure depolarization by the 
use of a different chemical, or by employing an electrode which is 
capable of extracting oxygen from the air. As other types of pri- 
mary cells are discussed, the depolarizing agent will be mentioned 
in each case. 

7. INTERNAL RESISTANCE OF A CELL. One of the main factors 
affecting the internal resistance of a cell is the extent of the 
polarization. The depolarizing agent should be sufficiently effec- 
tive to remove all traces of the polarizing gas as soon as it is 
formed. If not, the internal resistance of the cell rises rapidly. 
Other factors affecting the internal resistance of a cell are: 
The area of the plates exposed to the electrolyte, the distance be- 
tween plates, the temperature, and the strength of the electrolyte 
solution. Even though the modern commercial methods of manufactur- 
ing primary cells have been perfected to ahigh degree of efficien- 
cy, all cells will have some internal resistance. The actual cal- 
culation of this internal resistance in the cell is very difficult 
because of the many factors which affect its value. As a general 
rule, it may be stated that the internal resistance of a cell in 
good condition is exceedingly low (less than an ohm), but as the 
cell becomes "worn out" due to usage, the resistance may increase 
to several ohms. Obviously, if a cell is to have a long, useful. 
life, it should be constructed so as to maintain a low internal 
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resistance as long as possible. A large plate surface area, a 
small separation between the positive and negative plates, astrong 
electrolyte solution, and alow temperature all assist in maintain- 
ing the internal resistance to a low value. The large, b -inch dry 
cell will give satisfactory operating service for a longer period 
of time than the smaller cells (such as those used in flashlights) 
because of the greater quantity of active chemicals contained. 

In order to care for a dry cell properly, two precautions 
should be observed. The first of these is the temperature at which 
cell is operated. Ordinary temperatures will have little effect 
upon the voltage output of a cell when current is not being drawn 
from it. When the temperature of operation is exceedingly low, both 
the voltage output and life of the cell will be decreased. High 
temperatures generally cause an increase oflocal action within the 
cell, thereby reducing the life of the cell. When dry cells are 
to be kept in storage, they should be kept as cool and as dry as 
possible. 
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Fig.3 Characteristic curves for a standard 6 -inch dry cell. 
Dimensions are 6 x 26 inches. 

The other important precaution to be observed when using a 
dry cell is the amount of current continuously drawn from it. If 
a drain is placed on a cell intermittently (at short intervals), 
the life of the cell will be extended beyond the normal life which 
it possesses when it is subjected to acontinuous drain. The graph 
shown in Fig. 3 will serve to illustrate the effect of intermittent 
and continuous drains on a typical 6 -inch dry cell. The cell used 
for the collection of this data was a No. 6 Burgess ignition cell. 
It will be noticed that the curves are not shown below .9 of a 
volt because when the cell output voltage has decreased to this 
value, its useful life is generally considered at. an end. Whether 
or not the life of the dry cell actually ends at this voltage de- 
pends to a large extent upon the service in which it is engaged. 
If satisfactory operation is possible beyond .9 of a volt, it is 
permissible to continue the service. 
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--By carefully;:studying the graph in Fig. 3, which illustrates 
the characteristics of a standard 6 -inch cell, it can' be seen that 
when a high, continuous current drain is placed on the cell, its 
life is -very 'short compared to the life resulting from a slaw in- 
termittent drain. 

Whereas, the graph in Fig. 3 shows the characteristics of a 
typical 6 x 2i-inch cell, it should -be understood thát dry cells 
of smaller physical size will hot give as many hours of satisfactory 
service when the same current is drawn' from them. Similar `charac- 
teristic curves for smaller cells will be given later in this'dis- 
cussion. 1 

- 

8. DRY CELLS IN SERIES: A single dry cell produces an 'out- 
put voltage of only 1.5 vólts. When a higher poténtial'than this 
is desired, it nay be secured by connecting several small cells in 
series. The total voltage output produced by the series connection 
will be equal to the sum of the individual voltages. The current 
which' is drawn from the entire battery will place an equal drain 
on -each of the smaller series cells. That is, if 25 milliamperes 
is being drawn from a 45 -volt B battery, there will be 25. milliam- 
peres drawn from'.eachof the 30 small cells which have been connect- 
ed in series, to secure the 45 volts. Series connection does not 
increase the current -delivering capacity of a battery even though 
a higher output voltage is secured. 'Since each -of the individual 
cells in 'a series combination -mill have a current drawn from -it 
that is equal to the total'current drawn from the entire battery, 
the characteristics of the small cells themselves must be taken in - 

I-1 

Fig. -Cut-away view of a *5- 
volt B battery. 
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to consideration when determining the maximum permissible current 
drain. This fact is pointed out because there is a tendency to as- 

sume that a high current drain is permissible from a battery con- 

sistingofseveral cells in series. After having seen that the total 
current drain from the battery is also placed on each individual 

cell, it can be concluded that this assumption is incorrect. 

A cut -away view showing the internal construction of atypical 
heavy-duty B battery is shown in Fig. 4. Notice that the small 

cells are separated into individual compartments, and are connected 
iu series so as to secure the 45 -volt output. There are 30 cells 
contained within this type of battery, and the size of each cell is 

1.276 inches x 4 inches. Since the cells are smaller in physical 
size than the 6 -inch ignition cell, not as much current can nor- 

mally be drawn from them. The characteristic curves for the cells 

composing the battery shown in Fig. 4 are shown by the graph in 

« 'I 
- a2 r-"`'.- 

=0 

a C 4 of r 

I 1111 T1 1 
Burgess 45 -Volt B Batters - 

Cell Size - 

1.275' , 4' 

100C 

Fi9.5 Characteristic curves for cells composing battery shown 
in Flg.u. Dimensions are 1.276 x ll inches. 

Fig. 5. These curves are plotted on continuous current drains. 

Notice that the cut-off voltage is set at 34 volts. When the out- 
put voltage of the battery drops below this value, it is considered 
useless. 

Fig.6 

(A) 

. Courtesy Burgess Battery Co. 

(C) 

Common type Radio B battery. 
Illustrating the series connection of the 30 small cells. 
Typical 22! -volt C battery. 
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One of the smaller, commonly used Radio "B11 batteries is shown 
in Fig. 6A. This cell also contains 30 small cells (see Fig. 6B) 

connected in series to secure the output voltage of 45 volts. A 

tap is brought out from the 15th cell to obtain the 221 -volt ter- 
minal. The only difference between this battery and the battery 
shown in Fig. 4 is that the cells are smaller in size. These cells 
measure 1.2535 x 3.67 inches. The smaller physical size of the 

cell results in a lower permissible current drain for an average 
life. The characteristic curves for this battery are plotted in 
Fig. 7. The C batteries used for grid bias supply in radio receivers 
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and transmitters are fundamentally of the same constructicn as the 

B batteries. Most C batteries, however, contain a fewer number of 
cells and the cells are smaller in physical size. C batteries are 

not designed to have any current drawn from them. In all cases, 
they should be used only to produce a potential difference and not 
to supply electrical power. The typical 22a -volt C battery is shown 
at C in Fig. 6. 
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9. LAYERBILT CELLS. All of the cells used in the B and C 
batteries so far discussed were shown to be of the cylindrical type; 
that is, each cell consisted of the active chemical constituents 
contained in a cylindrical zinc cup. An inspection of the cut- 
away photograph shown in Fig. 4 will reveal that considerable un- 
occupied space exists between the cylindrical cells as they are ar- 
ranged within the battery. To reduce this waste space, a battery 
known as the "Layerbilt" type has been developed by the National 
Carbon Company, Inc. An internal and an external view of a typi- 
cal Layerbilt battery are shown in Fig. 8. In the construction of 
the Layerbilt battery, the cells are arranged in tiers forming two 
cubes. These two cubes are connected in series internally by a 
copper band as shown across the center of the internal view in Fig. 
8. The active chemical constituents of the Layerbilt cell are ex- 
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Fig.9 Drawings to show a comparison between the construction of the cylindrical cell (A), and the Layerbilt cell (B). 

actly the same as those used in the cylindrical type. A drawing 
illustrating the internal construction of a single cell from a 
Layerbilt battery is shown at B in Fig. 9. The carbon (positive 
terminal of the cell) is pasted directly on the zinc plate. This 
eliminates the necessity of connecting these cells in series by 
short pieces of wire. The paper liner which serves to absorb the 
moist electrolyte solution, the manganese dioxide, granulated car- 
bon mixture, and the expansion space are shown as they exist in 
the Layerbilt cell in comparison to the same materials used in the 
construction of the cylindrical cells. 

Fig. 10 illustrates the steps in manufacturing a Layerbilt 
battery. 

Upon comparing the construction of a round cell battery with 
a Layerbilt battery, one difference in particular will be noted. 
The round cell battery uses one element, the zinc, as the can or 
container, and as soon as the zinc is eaten through by the chemical 
action during discharge, the small hole appearing in the can allows 
the electrolyte to dry out rather rapidly. The result is a rapid 
decrease of output voltage. In the Layerbilt constriction, the 
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zinc is not a part of the electrolyte container; hence, when small 

holes appear in the zinc electrode, the sal ammoniac(electrolyte) 
is not exposed. For this reason, the useful life of the battery 

may be extended until nearly the entire zinc plate is destroyed, 

with the electrolyte still remaining moist. The discharge curve 

of the Layerbilt battery does not show a rapid decline in voltage, 

but rather falls in a nearly "straight line" manner. 

(a) Commercially 
pure zinc plate. 

(D) Stack or tier 
of 15 elements as 
shown in (C). 

Courtesy National Carbon Co. 
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(B) Flat, elec- 
trolyte -saturated 
pad applied to one 
side of the zinc 
plate. 

(E) Stack is dip- 
ped in special com- 
pound to seal tight- 
ly. Fig.10 

(C) Manganese di- 
oxide mix cake and 
Carbon are next in 

assembly. 

. 

l 

(F) Two tiers 
placed side by side 
and cpnnec:ed in 
series. 

10. AIR CELLS. The Air cell is the only other type of primary 
battery which is used to any great extent for Radio purposes. This 

cell has been developed by the National Carbon Company, Inc., for 

the purpose of supplying a constant voltage to the filament of the 
two -volt type tubes used in battery operated receivers. 

A cross-ectional view showing the internal construction of 

an Air cell is shown in Fig. 11A. The battery consists of two cells 

permanently connected in series internally. Zinc and carbon elec- 

trodes are used for the negative and positive terminals respective- 

ly the same as in adry cell. The electrolyte solution employed in 

the Air cell is considerably different, however, consisting of a 

solution of sodium hydroxide (caustic soda). During the discharge 

of the cell, the negative zinc electrode is dissolved in the elec- 

trolyte solution, and a waste product known as sodium zincate is 

formed. The formation of this waste product would cause the elec- 

trolyte solution to become quickly weakened were it not for the 

calcium hydroxide introduced in the cell to act as a rejuvenator. 

The calcium hydroxide unites with the sodium zincate to reform the 

electrolyte solution. As this rejuvenation of the electrolyte so- 

lution occurs, a plentiful supply of the electrolyte (sodium hy- 

droxide) is maintained. 
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elements of the Air cell. 

Fig. 11 Courtesy National Carbon Co. -- ..'_ 

(A-1) External appearance of 
an Air cell. 

CPOIe*IOW 
ZINC Gtdot wd4 

One Aece SpFciet O.pen loin Membtae. to Compoolon lop 
Molted Abyothng Car to, Seal Batten. unpl - under Seal 

Cnnto, ., Elects to pl ed m 5.0.rce_ 

G 13 
yz 

l..e 
h/ey» 

r 

:ADY 
LELL 

m 
' %MgrIr.. 

` eNt.a. 
r 

. 

(1-2) Cut -away view reveal- 
ing the internal construction 
of an Air cell. 

(B-1) Showing carbon and zinc (B-2) Cut -away to show space 
occupied by electrolyte. 
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(B-3) Oxygen is absorbed by 
the carbon breather'. 
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(B -u) Absorbed oxygen com- 
bines with hydrogen to form 
water and the cell isdepolar- 
ized. 



During the discharge, the chemical action causes hydrogen gas 

to be formed over the surface of the carbon electrode the same as 

in the dry cell. In a dry cell, manganese dioxide acts as the de- 

polarizer to prevent the consistent presence of hydrogen around 

the carbon electrode. In the Air cell, the electrolyte solution 

contains no depolarizer, but the special 'oxygen -absorbing" car- 

bon electrode possesses the property of extracting oxygen direct- 

ly from the air to combine with the hydrogen gas which tends to 

form. The water produced by this combination enters the electro- 

lyte solution. As long as a sufficient supply of oxygen is avail- 

able at the top surface of the special carbon electrode, the accu- 

mulation of the undesirable hydrogen is negligible; consequently, 

the internal resistance of the cell and the normal voltage output 

remains practically constant throughout the useful life of the bat- 

tery. Fig. 11B illustrates this method of depolarization. 

To prevent a "shelf life" deterioration of the active chemi- 

cals in an Air cell, they are inserted in solid cake form at the 

time of manufacturing. The battery is sealed by placing thin rub- 

ber membranes over the filler holes, and by placing a transparent 

piece of cellophane over the top of the oxygen -absorbing carbon 

electrode. Due to this efficient sealing, the active constituents 

of the battery are as fresh when it is placed in use as they were 

at the time of manufacture. When the battery is to be placed in 

service, it is only necessary to break the thin rubber membranes 

covering the filler holes and remove the cellophane from the oxy- 

genabsorbing carbon electrode. Cold drinking water is then poured 

into the filler holes until the level of the water coincides with 

the indicator on the side of the battery. The water dissolves the 

"cake like" sodium hydroxide to form the e_ectrolyte solution. 

In the operation of this type of cell, one important precau- 

tion must be observed very closely. It is absolutely essential 

that the discharge rate does not exceed approximately .75 amperes. 

This limit on the discharge rate is fixed by the speed at which the 

oxygen -absorbing carbon electrode is capable of extracting oxygen 

from the surrounding air to prevent polarization at the positive 

terminal. If an attempt isnade to compel the special electrode to 

absorb oxygen too rapidly, the open pores of the carbon become clog- 

ged, resulting in a complete ruination of the battery. After an 

Air cell has once been seriously overloaded, it is impossible to 

secure future satisfactory service from it. Whereas an ordinary 

dry cell can be instantaneously overloaded without any serious ef- 

fect, this is not true of the Air cell; hence, the discharge rate 

must be watched very carefully. 
The Air cell is capable of supplying about 250 milliamperes 

for 2400 hours, 500 milliamperes for 1200 hours, etc. It will be 

noticed that this current -delivering capacity is much higher and 

the length of useful service is much longer than for any type of 

dry cell available. Another advantage of the Air cell is that the 

output voltage remains practically constant throughout its entire 

life. This is desirable from the standpoint of maintaining a con- 

stant filament voltage on the 2 -volt battery -operated tubes. Ac - 
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curate tests which have been made on Air cell batteries show that 
the output voltage of the cell does not decrease more than .5 of 
a volt over a period of 1000 hours service under normal load con- 
ditions. 

This is an outstanding advantage insofar as satisfactory re- 
ceiver performance is concerned, because unless full electron emis- 
sion is maintained from the filaments of the tubes in the set, the 
original capabilities of the receiver cannot be expected. The 
"constant voltage" output of the Air cell battery is largely re- 
sponsible for the fact that it is rapidly gaining popularity as a 
satisfactory filament supply for battery -operated receivers. 

The disadvantages of the Air cell are its high initial cost 
and the fact that it is a primary battery. The initial cost of an 
Air cell is several times that of a dry cell. This is off -set by 
the fact that the Air cell will give a longer period of satisfac- 
tory service. Since an Air cell is a primary battery, when its 
discharge has been completed, it must be replaced with anew battery. 
The cell cannot be recharged. 

In view of the many problems involved in the design and ser- 
vicing of modern battery -operated receivers, no attempt will be 
made in this lesson to discuss them ín detail. Special circuits 
and operating characteristics pertaining to battery receivers will 
be explained in detail during Unit 2, which is devoted entirely 
to servicing information. 

11. SECONDARY BATTERIES. As previously defined, a secondary 
battery is one whose chemical action is reversible. When a secon- 
dary cell is discharged, it can be returned to its original charg- 
ed condition by the application of electrical energy. The elec- 
trical energy supplied to the discharged cell is used to convert 
the depleted chemicals to their original state. 

The two types of common secondary cells popular in Radio work 
are: (1) The lead -acid cell. (2) The nickel -iron -alkaline or 
Edison cell. Of these two, the lead -acid cell will be discussed 
first. 

12. LEAD -ACID CELLS. The lead -acid cell and the Edison cell 
are both called "storage batteries". Storage batteries produce a 
voltage across their positive and negative terminals as a result 
of chemical action only after they have been subjected to an initial 
charge. During the initial charging process, a chemical reaction 
takes place between the active plate materials and the electrolyte 
to cause the storage of chemical energy. 

In a lead -acid cell, the active material in the positive plate 
consists of lead peroxides (Pb02), and the active material in the 
negative plate is pure sponge lead (Pb). Normally, the lead per- 
oxide on the positive plate is chocolate -brown in color, and the 
sponge lead on the negative plate is pearl-gray. The electrolyte 
consists of a 251 solution of sulphuric acid in distilled water. 

In the construction of a typical lead -acid battery, such as 
used in automobiles, the positive and negative plates are made by 

1 The chemical name for Pb02 is either 'lead peroxide' or 'lead dioxide'. 
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applying a lead oxide (Pb0) paste to frameworks or "grids" of lead 
and antimony alloy. A framework partially filled with paste is 
shown in Fig. 12. The plate framework provides mechanical strength 
and is not attacked by the sulphuric acid electrolyte. Several 
methods are used commercially to apply the lead oxide paste to the 

Courtesy Electric Storage Battery Co. 
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Fig.12 Framework (grid) partly filled with active 
material. 

plates. One of these methods is to paste both plates (positive 
and negative) with a stiff mixture of lead oxide and water, then 
immerse them in a dilute sulphuric acid solution. Tile resultant 
sulphation (formation of lead sulphate) hardens the paste, causing 
it to adhere to the antimony framework. Another method is to mix 

the lead oxide with dilute sulphuric acid or a solution of ammonium 

sulphate and stir to a uniform thick paste, then apply it quickly 
to the grid framework before it becomes hardened. 

After the plates have been pasted with lead oxide and dried, 
they are then immersed in a dilute sulphuric acid solution to be- 
come "formed". "Forming" consists of passing an electric current 
from one plate to the other through the electrolyte. The electric 
current converts one plate into pure spongy lead ( the negative 
plate) and the other plate into lead peroxide (the positive plate). 

A group of positive and negative plates which have been formed 
and are ready for assembly are shown in A, Fig. 13. The two plate 
groups are intermeshed and wooden separators are inserted between 
each pair of plates to prevent a short circuit. The group of plates 
thus assembled' form a cell. The cell is placed in a hard rubber 
or glass container, a cover is placed over the top, and the cell 
is tightly sealed. B, in Fig. 13, illustrates the method of sealing. 
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Fig.13 (A) Positive and negative plates for a lead -acid battery. 
A wooden separator is shown in the lower center. 

(B) Drawing to illustrate the cover seal. 

The cell cover has a tapped hole in the center to permit inspection 

of the electrolyte solution. A vent plug is inserted in the filler 
hole to prevent spillage. The vent plug has a small hole in the 
center, which must be kept open to permit gases to escape. A com- 

plete lead -acid cell is shown in Fig. 14. 
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Fig.1a Complete lead - 
acid cell cut away to 
show de:ails otconstruc- 
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13. THE ELECTROLYTE. The electrolyte of a lead -acid battery 

consists of sulphuric acid (H2SO4) and distilled water (H20). The 

specific gravity of the solution is generally about 1.2751 Lead - 

acid batteries which are to be used for stationary purposes gener- 

ally have alower specific gravity electrolyte than those which are 

to be used for portable rrrrposes. For aspecific gravity of 1.275, 

commercial sulphuric acid is mixed with water in the ratio of 1 to 

3 by volume. This means that for each volume of sulphuric acid, 

there must be three volumes of distilled water. The percentage of 

the solution is approximately 25%. 

When mixing the electrolyte solution, it is very essential 

that commercially pure (93.5%) sulphuric acid and pure distilled 

water be used. Sulphuric acid in this concentrated form is rather 

dangerous if not handled properly, so extreme care must be taken 

to avoid personal injury. If the occasion arises to mix an elec- 

trolyte solution, EXTREME CAUTION MUST BE OBSERVED! 

Fig.15 Top: Section of a 

Manchester positive plate. 
Note how the buttons are se- 
curely locked in place by 

the "hour -glass' shape of 
openings in the grid. 

Bottom: Manchester 
button, showing how it is 

rolled into a spiral be- 
fore inserting in grid of 
the positive plate. 

Courtesy Electric Storage Battery Co. 
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14. LEAD -ACID CELLS WITH MANCHESTER POSITIVE PLATES. A more 

modern type of plate construction in the lead -acid battery consists 

of the use of Manchester positive plates and Box Negative plates. 

This plate construction is essentially different than the pasted 

plate method such as used in the construction of automobile batter- 

ies. The grid or framework of the Manchester positive plate is a 

cast lead -antimony alloy which is able to resist the forming action 

of the electric current curing charge and discharge, thereby re- 

taining its strength, shape, and dimensions. This grid is provid- 

ed with circular openings, slightly tapered toward the center, into 

which are forced by hydraulic pressure the rosettes or buttons of 

soft lead which constitute the active portion of the positive plate. 

These buttons are made of strips of pure lead, corrugated crosswise 

and rolled into a spiral. This is shown in Fig. 15. After being 

forced into place in the grid, they are subjected to the forming 

process, whereby the active material or lead peroxide is develop- 

ed electro -chemically on the surfaces. The expansive action of this 

forming process, combined with the double -taper shape of the open- 

ing, securely locks the buttons ín place. 
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,au :` ' The 'feint 'that there 'is elvays+ available'ti supply of ;sniff lead ' 
in the rosettes or buttons that can be converted into active mater- "i , 

ial (lead peroxide) as it is needed accounts for the extreme rug- ",1'.1 
gedness and long life of this type of positive plate. .A group of 
Manchester positive plates, is shown at C Jar Fig. 16. 
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C Brbup of Manchester Positive 'plates.- . ' ,..I - 

The grid of the Box Negative plate, which is also -of lead -an- 
timony alloy, is formed of horizontal and vertical ribs, spaced a- 

' bout one' inch apart, forming pockets which are closed cm -both sides . 

i with perforated sheet lead; j,In these pockets; the active material . 
. . 
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is peluanently held In place.; " The 'grid mist be rigid' And iiictive, 
whereas the active material mast be exceedingly porous and finely 
divided in order to obtain a maxima of capacity. By confining , , 

this active material within the_pockets, as described above, these 
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results are attained and a permanent negative plate is secured. A 

group of Box Negative plates is shown at . in Fig. 16. 
The Manchester positive plates and Box Negative plates are in- 

sulated from each other by board and rubber dowel separators. The 
separator is shown at B in Fig. 16. A cross-sectional view of a 
typical stationary battery employing the Manchester and Box plates 
is shown in Fig. 17. Lead -acid storage batteries which are to be 
used for light commercial service are generally of this construction. 

15. THE EXIDE IRONCLAD PLATE CONSTRUCTION. In the Exideiron- 
clad lead -acid battery, the positive plate is of unique construction. 
This plate consists of a series of vertical tubes of finely slotted 
rubber within which the active material is contained. The slots in 
the tube are so fine that, while they permit ready access of the 
electrolyte to the active material within, they prevent the active 
material from readily washing out and dropping to the bottom of the 
jar. The method of retaining the active material may be compared 
to a tea ball in brewing a cup of tea. The boiling water in the 
tea cup penetrates the small openings in the ball and easily reach- 
es the leaves, but the latter cannot escape through the small open- 
ings. 

Fig.1B 
IB 

(A) 
Courtesy Electric Storage clattery Co. 03) 

Section of a tube from an Exide Ironclad positive plate. 
Assembled Exide Ironclad positive plate. 

The negative plate is also designed to give a long _ife. 
A section of a single tube from an ironclad positive plate is 

shown at A in Fig. 18. Notice the metal core surrounded by active 
material held in place by the finely slctted rubber tube. An as- 
sembled ironclad positive plate is shown at B in Fig. 18. Each of 
the pencil -like ribs is a slotted rubber tube like the one illus- 
trated at A. 

The separators used in this type of lead -acid battery are known 
as the "Exide-Mipor" separators. This separator material satisfies 
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all the requirements demanded of the ideal separator. It is a per- 
manent electrical insulator, but permits free and continuous diffu- 
sion of the electrolyte. The mipor is unaffected by either sul- 
phuric acid or excessive battery temperatures. The material is of 

!te.x 

t`, ,.,.l~-É 

Fig.19 Cut-away section 
of a typical Ironclad bat- 
tery cell. 

Courtesy Electric Storage Battery Co. 

uniform structure and strength, with the necessary mechanical qua- 
lities to withstand. severe vibration and the rough conditions often 
encountered in everyday use. It will not crack, crumble,. or break 
dolor even after yéara of hard service. 

The manner of assembling the negative and positive plates with 
the separators between them is illustrated in the cut -away view of 
the typical Exide ironclad battery cell as shown in'Fig. 19. 

Fig.20 Battery 
container on a 
railroad car. 

Courtesy Electric 

Storage Battery Co. 

These ironclad lead -acid batteries are generally used where 
tremendous power and extreme ruggedness are the essential character- 
istics. Industrial trucks and tractors, railroad car lighting, 
railway signaling, Diesel and gas engine starting are a few of the 
common commercial uses for this type of cell. Fig. 20 shows the 
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batteyy goaiainsy on the , side of a railroad car, Railroad . cárs are. 
lighted a*i.air conditioned by batteries. A, generator ,on the oar 
charges these batteries. when: the car is, in Motion. ; T7 

A Multi -cell, ironclad- battery such as generally usedin il duj 
tri,11- tricks and traptorej'is; shown Vin. Fig. 21 . 
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16. SPECIFIC GRAVITY. ¡The specific' gravity of an -electrolyte - ; 
solution is defined ea the weight of the electrolyte ,solution coo- - 

' - pared to the might of an eq 1. l oluae of water., This is expressed - 

as follows: I 

-dt 
a xi 

.ffl,Ny 

rjc:s 6 qr . 

_ 

ff ' 

ejWit' of eleptro vte solution Specific Gravity; _ Weight of equaall_vo nae of. water `j 

The numerical' value secured' frost this --ratio means that the' 
electrolyte solution is that many times heavier than an equal vul-_- - 
woe of pure distilled water. For example,' if 1 pint of. bensests 

' ' 

weighs .9219 pounds and 1 pint 'of water i weighs 1.05 pounds, the - 

wacifio gravity of the benzene is: - 

' - S.G. - . .878 -4 . SFo , 1.1 
As another wangle, by Measurement, a quart of water 1s found 

-to weigh 2.1 pounds, and a quart,of glycerine, weighs 2.646. pounds. 
The specifics gravity of theglycerine is: 4$0,r',I1.1,le4e.+1d' 

r 

> S.G. - -1116- - .1.26 ~ 

- -1 As, stated'previously, the specific grwity''of the electrolyte 
eelstioa to be used in a stationary battery is, approximately 1.!751 

It ti possible to measure e.spscifio vity of say liquid 
solstioa «se,of M dromster . The r portion of - l4 > htnmete 
the syringe omelets of aglass tube about 3 to 5 iáches loug, - haw 
ing an elongated bulb on one end and partially filled -with lead shot-. 
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or mercury so'that it will float in an upright position when placed 
in the electrolyte. The upright endof the hydrometer tube is cal- 
ibrated to show the specific gravity, of the solution drawn into 
the syringes 

The complete syringe consists of a glass barrel, a hydrometer 
which fits inside the glass barrel, a short rubber tube for reach- 
ing into the electrolyte, a rubber bulb which fits on one endof 
the barrel, and a rubber plug for joining the glass barrel to the i 

tube. This is shown in ,Fig. 22. 

Fig.22 A complete hy- 
y"`- drometer syringe. 

Courtesy Electric Storage Battery Co. 

To take a specific gravity reading with the hydrometer syringe, 
place the rubber tube into the electrolyte solution, then squeeze 
the bulb and slowly release it, drawing enough of the electrolyte 
into the barrel to freely float the hydrometer. The reading on the 
calibrated stem of the hydrometer at the surface of the liquid is 
the specific gravity of the electrolyte. After taking the reading, 
the electrolyte must always be returned to the cell from which, it 
was taken. 

. 
( 

g7ereaetter ieN LW/4 B LJ 

Fig 2) Illustrating 
specific gravity read- 
ings on a hydrometer 
scale. 

Courtesy Electric Storage Battery Co. 
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Two drawings illustrating different readings on the hydrometer 
scale are shown in Fig. 23. 

The specific gravity of any electrolyte solution is affected 
by the temperature;. hence, a temperature correction factor must 
be applied to the specific gravity after it is read on the hydro- 
meter. Most hydrometers are calibrated to read the specific gravity 
at 80° F., At temperatures,above 80° F,'the electrolyte solution ex - 
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paíoíds; hence', the specific gravity .reading- on .the, hydrometer will 
be lower thanthe actual specific gravity of the solution. For 'each 
3 degrees .above 80° F, one point (.001) should be. added to the 
-spedrta.jravtty reading. .Similarly, if the temperature is less 
then -80° F, tithe electrolyte solution contracts, and the. specific 
gravity reading obtained on the hydrometer. will be greater than the 
actual speoificgravity of the solution. For .each 3 defrees'less.. 
than 80°, F,. one -point (.001) should:be :subtracted .from the hydro-: 
meter readtng.. - . 

le "1:' If the hydrometer reading is 1:260 at a tempera- 
tute of 95° F,'what is the actual specific gravity Of 'the electro- 
lyte? - 

MOTION: .95° is 15°ihigher than the standard '80° temperature.' 
Dividing 15° by 3; we 'obtain 5; so 5. points must be added to the 
hydrometer' reading, thus making the actual specific gravity of the 
solution 1.2651. ' . . 

Example' 2: If the.hydrometer'reading is 1:175'at a temperature, 
of50° F' what is,the,agtual specific gravity. of,,the,electrolyte 
solution? . . 

MOTION: The temperature óf 50° is 30° below the standard. 
temperature of 80°. Dividing 30° by 3 we obtain 10. Subtracting 
10 from the hydrometer, reading, we obtain an actual specific gravity 
of 1.1651 . 

The freezing point of the battery depends upon its specific 
gravity, the following table showing how this varies; 

Soecifi Gravity É ' 

1. 75 ., :t . '- . 1 p F 

-62° F - 1.250 . 

ie 1.225 
'.' 1.200 - 

1:175 
=1° 6° F '- - 4° F 

'1.150 `.. 
., +5°F 

r- ' 1.125 . . 

'' -'. 1.100 - - F +190 . 
- If Water -is added to a. battery in. freezing temperatures and 

the battery is let ,stand in the cold and not charged to mix the 
water with the electrolyte, the water will remain on top and- freeze.- 

This complete discussion on.the hydrometer and methods of tak- 
ing specific gravity readings has been -given because, a. specific 

-gravity test of the electrolyte solution in a lead -acid cell is a 
very coimon procedure. The state of charge of a lead -acid battery 
can' be determined to ahigh-degree of accuracy by observance of' the 
specific gravity reading. . 

17: CHEMICAL. ACTION IN A LEAD -ACID CELL. The chemical re- 
action in alead -acid cell is particularly important,, because with-. 
'out it, it would be impossible to satisfactorily waintaih and pre- 
serve continuous normal operation'. When a lead -acid cell is being 
discharged, the 'sulphuric -'acid in the electrolyte is being decoipos- 



ed, a portion of it combining with the active material on both 
plates. The composition of each plate gradually changes to lead 
sulphate. This conversion of the active plate material will con- 
tinue until nearly all of the acid has been removed from the elec- 
trolyte solution. From the discussion on specific gravity, we know 
that as sulphuric acid is removed from the electrolyte, the specific 
gravity of the solution decreases. By making a specific gravity 
test, and correcting the reading for temperature, it is possible to 
determine the extent of the electrolyte decomposition and thus de- 
termine the state of charge of the cell. When the specific gravity 
reaches a value as low as 1.150, the positive and negative plates 
of the cell are nearly similar in composition and the useful out- 
put voltage of the cell has decreased considerably. A continued 
discharge of the cell beyond this point is not advisable because 
it will be difficult to recharge the cell. When measured with a 
low -resistance voltmeter, the discharged voltage of a lead -acid 
battery is approximately 1.75 volts. The fully charged voltage is 
2.1 volts. 

Charging a secondary cell consists fundamentally of returning 
the electrical energy which was taken from the cell on discharge. 
A DC voltage of the proper potential and capable of delivering the 
required current is connected across the cell. The charging cur- 
rent is forced through the electrolyte solution in the opposite 
direction to the flow of current from the cell when it was dis- 
charging. This causes the lead sulphate formed on both plates dur- 
ing discharge to be converted back to lead -peroxide on the positive 
plates and pure sponge lead on the negative plates. The decompo- 
sition of the lead sulphate is accompanied by a return of the sul- 
phuric acid to the electrolyte solution. As the concentration of 
the sulphuric acid increases, the specific gravity of the electro- 
lyte solution rises. As soon as the electrolyte solution is re- 
stored to normal specific gravity (1.275), the cell is fully charg- 
ed and is again capable of delivering electric power. 

The four changes through which a lead -acid cell passes during 
the discharging and charging process are shown at A, B, C, and D 

in Fig. 24. A careful study of these four drawings will serve to 
substantiate the foregoing information. Stated in chemical terms, 
the reaction which occurs during discharge and charge is: 
On Discharge: Pb + Pb02 + 211 2504 2PbS0, + 211 20 

Negative Positive Electrolyte Both water 
Plate Plate Plates 

Pure Lead+ Lead Peroxide + Sulphuric acid lead Sulphate + water 

Un Charge: 2Pb114 + 21120 Pb + Pb02 + 2H2 4 

Both Plates Water Negative Positive Electrolyte 
Plate Plate 

Lead Sulphate + water Pure Lead + Lead Peroxide+ Electrolyte 

As can be seen, these two reactions are exactly opposite, which 
indicates that the lead -acid cell undergoes exactly opposite changes 
on charge and discharge. 

18. CHARGING RATES. The charging rate of a battery refers to 
the amount of current in amperes which is passed through the cell 
during the charging process. The charging voltage must be a DC 
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CHARGED DISCHARGING 

CHARGING 

i6 .2s Diagrams showing theessential chemical actions inn stor- 
age battery. 

Courtesy Electric, Storage Battery Co.; 

voltage and its value must exceed the voltage of the cell in'order 

to force current through it. If the_charging rete_is excessively 

high (too much Current), considerable damage to the battery' may 

result. =When; a battery -is being charged, the amount of sulphate 

in -its -plates decreases and the ability of the plates to give lip 

acid becomes reduced. During the earlier part of the charge, the 

a plates can give out the acid at rapid rate because there is a 

large amount of sulphate available. .Therefore, a battery which 

has been' discharged to a, low specific gravity can. be charged'. with 

a high rate at the start, but as the charge -approaches completion, 

the charging rate must be reduced because there is not sufficient 

sulphate in the plates to be rapidly driven out. If the high chart 
hag rate is maintained,' only a portion of the charging current is 

used to drive out ,the acid from the plates; the balance of it acting 

to decompose the water in the electrolyte into oxygen and hydrogen, 

which are given off -iii the form of gas. Gassing of the battery, 

therefore, at any time, shows whether or not the charging rate is 

too-high;. consequently, when' i t i s found that' the cells are gassing, 

the rate olcharge should be reduced so as not to waste the charg- 
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ing current. In addition to the waste of charging power, there is 
a tendency to wash and wear the active material away from the plates 
as the gas escapes from the pores of the plates and boils to the 
top of the electrolyte. 

This, of course, shortens the life of the battery. A small 
amount of gassing is not objectionable, but excessive gassing, if 
continued for any period of time, is certain to cause considerable 
damage to the cell. A comparison table at the end of this lesson 
supplies additional information. 

19. DISCHARGE RATE. The discharge rate is defined as the rate 
at which current is drawn from a battery during discharge. Any 
lead -acid cell in good condition may be discharged without injury 
to the plates at any rate of current it will deliver. An extreme- 
ly high current drain should not be placed on a battery for any 
great length of time because the internal increase in temperature is apt to damage the plates or the separators. The current -carry- 
ing capacity of the wiring to and from the battery should never be 
exceeded. 

20. AMPERE -HOUR CAPACITY RATING. The "ampere -hour" is aunit 
for measuring the capacity of a storage oattery. The capacity of 
a battery refers to its ability to deliver electrical power over a 
definite period of time. The capacity of a cell is proportional 
to the area of the plates exposed to the electrolyte, and is also 
dependent upon the quantity of active material is the plates. The 
more plates contained in a cell and the larger their surface area, 
the greater will be the capacity of the battery. When the capacity 
of a storage battery is specified in ampere -hours, it is usually 
based on a normal eight -hour rate of discharge. This means that if a battery has a rating of 100 ampere -hours capacity, it will de- liver a continuous current (without injury) of 12.5 amperes for 8 
hours. Also, if a battery has an ampere -hour capacity rating of 
80, it is capable of delivering a continuous current of 10 amperes 
for 8 hours. Use of the 8 -hour period as the basis for the ampere - 
hour rating has been adopted by general agreement among the storage 
battery manufacturers. If the discharge rate is higher (more cur- 
rent) than that specified by the normal ampere -hour capacity rating, 
the total capacity of the battery will be less than the manufactur- er's specifications. Similarly, if the rate of discharge is lower 
(less current) than the standard 8 -hour rate of discharge, agreat- 
er capacity will be obtained from the battery than that specified 
by the manufacturer. The greatest amount of electrical power will 
be secured from a storage battery when it is discharged at a low, 
intermittent rate. 

21. DISCHARGE LIMIT. I an emergency, little if any, perman- 
ent harm will result if the battery is discharged to the full amount 
that it will give, provided that it is promptly recharged. It has 
already been pointed out that the specific gravity of the electro- 
lyte should not be permitted to fall below a certain value. 
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The danger of harm from 'over -discharge." may be illustrated by 

a comparison between the active material of the plates and the ac- 
tion which goes on when some of the electrolyte is allowed to act 
on the copper wiring terminals of abattery. It is noticeable that 
a comparatively large amount of copper sulphate is formed when only 
a small quantity of the metal is eaten away by the acid. In the 
same manner, when the acid combines with t -te lead in the active 
material, the resulting lead sulphate occupies more space than the 
active material from which it is formed. The active material of 
all battery plates is porous, and this expansion of the sulphated 
material is accommodated by reducing the size of pores in the ac- 
tive material. All battery plates are designed to accommodate a 
certain amount of this expansion of the active material during sul- 
phation, and in batteries of the type under consideration, this is 
limited to the amount represented by a certain specific gravity' 
reading. 

Further discharge, even if it can be obtained at a satisfactory 
voltage, results in an excessive expansion which so closes the 
pores in the active materials that it becomes increasingly diffi- 
cult to recharge the battery properly after an excessive discharge, 
and unless a proper recharge is given, the battery is likely to 
deteriorate. 

Additional information will be given on the maintenance and 
charging methods for lead -acid and nickel -iron cells in a future 
lesson. 

22. THE NICKEL -IRON -ALKALINE CELL. The Edison nickel -iron - 
alkaline storage cell is the only alkaline cell produced in the 
United States and is manufactured by the Edison Storage battery 
Division, Thomas A. Edison, Inc. It is more commonly known as the 
Edison cell. The Edison cell differs from the lead -acid cell in 
many respects. The electrolyte solution, the mechanical construc- 
tion, the electrical characteristics and the cell assembly are vi- 
tally different from the lead -acid storage cell just discussers. 

The positive pr.ate of the Edison cell cansists of a nickeled - 
steel grid holding nickeled -steel tubes which contain the positive 
active material. When inserted in the tubes, the active material 
is in the form of nickel hydrate, but this changes to an oxide of 
nickel after the formation treatment (to be described later). In 
order to give the electrolyte free access to the active material, 
the tubes are perforated. To obtain maximim utilization of the 
positive active material, it is alternated with layers of nickel - 
flake at the time it is tamped into the tubas. The tubes are re- 
inforced with eight encircling seamless steel rings, equally spaced. 
The tubes are mounted in the grid and forced into permanent posi- 
tion under forty tons of pressure. 

Fig. 25 shows the entire positive plate assembly and also a 
cross-sectional view revealing the internal construction of asingle 
tube. In the cross-sectional view, notice the alternate layers of 
nickel -hydrate and nickel -flake which have been tightly packed into 
the tube. 
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Fíg.25 (Left) Assembled 
. positive plate of anEdison 

:; cell. 
(Right) Single 

tube cut ai.ay to reveal in- 
ternal construction. 

Courtesy Edison Storage Batteries 

The negative plate is generally similar inconstruction to the 
positive, except that a finely divided oxide of iron is used as 
active material and is contained in rectangular perforated steel 
pockets instead of tubes. The pockets are forced into place under 
120 tons pressure. The grid and the pockets, like the positive 
grid and tubes, are of nickeled -steel. A side view of an assembled 
cell showing the appearance of the negative plate is shown in Fig. 
26. 

fly passing a connecting rod through holes at the top of the 
plates, the positive and negative plates are assembled into posi- 
tive and negative groups. Steel spacing washers between adjacent 
plates and the connecting rod insure proper plate spacing. The 
base of the pole piece is the middle spacer and being thus secured 
to the connecting rod, insures unfailing electrical contact be- 
tween pole, connecting rod, and all plates. A lock washer and 
nut are drawn up tight at each end of the connecting rod, binding 
the plate group firmly together. All washers, nuts, connecting 
rods, and terminal posts, like the plates, are of nickeled -steel. 

The positive and negative plate groups are intermeshed to form 
complete elements. The negative group always contains one more 
plate than the positive, so that both outside plates are always 
negative. Insulation between the alternate positive and negative 
plates is accomplished by vertical, hard rubber pins running their 
entire length. Rubber sheets insulate the outside negative plates 
from the sides of the container, while the edges of the plates are 
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insulated from the bottom and the other sides of 
hard rubber frames. These frames also serve the 
rating the plates and holding them in correct ali 
so designed as to permit free circulation of the 
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the container by 
purpose of sepa- 
gnment. They are 
electrolyte. 

Fig.26 Side view of assembled Edison 
cell showing the construction of the 
negative plate. 

Courtesy Edison Storage Batteries 

The electrolyte consists of a 21% solution of potassium hydrox- 
ide in distilled water, to which has been added a small percentage 
of lithium hydrate. The electrolyte has a specific gravity of 
about 1.2 at 60° F, and does not vary appreciably in specific 
gravity during charge and discharge. The electrolyte (potassium 
hydroxide) does not attack steel and advantage is taken of this 
fact in the nickel -iron -alkaline cell in order to obtain the strength 
and durability of steel in the container as well as in the elements. 
The container is made of nickeled -steel end all joints welded. 
For the larger sizes, the containers are corrugated to increase 
strength and to facilitate the radiation of heat. 

The cell cover is made of nickeled -steel and is welded in place. 
Soft rubber bushings, expanded by steel rings and hard rubber, 
threaded gland caps, insulate the pole pieces where they proj ect 
through the cell cover and at the same time provide an air and 
liquid -tight packing around the poles. 

Projecting from the cell cover is the filling aperture on which 
is mounted a hinged filler cap. The filler cap is held either 
open or closed by a steel clip spring. Suspended from the filler 
cap is a hard rubber valve which seats by gravity when the cap is 
closed, thus excluding external air and reducing evaporation, but 
permitting the escape of gas. 

The electrolyte is at a level varying from s inch to 3 inches 
above the plate tops, depending on the type of cell. The small 
quantity of lithium hydrate which is added to the electrolyte so- 
lution tends to increase the capacity and cell life. 
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23. FORMATION OF THE CELL. After the assembly of the cell is 
completed, it is given several cycles of charge and discharge. 
This is known as "forming". and is for the purpose of stabilizing 
the electro -chemical characteristics. It is ccntinued until fac- 
tory tests show normal operation and an ability to deliver an ex- 
cess over the rated capacity. 

All cells are coated with aheavy insulating paint, after which 
a protective film of rosin petroleum jelly is applied to the cell 
tops. 

'm. - - 
_E. 

Fig.27 Cut-away view 
of Edison cell to show constructional detail. 

Courtesy Edison Storage Batteries 

The internal construction and assembly of the Edison nickel - iron -alkaline cell is clearly shown in Fig. 27. 

24. BATTERY ASSEMBLY. The nickel - iron- alkaline cells are 
assembled into batteries in hardwood trays. Steel suspension bosses previously spot welded to the sides of the cell containers fit into hard rubber buttons recessed in the tray slats. This as- 
sembly supports each cell in place and insulates it from the tray 
and from adjacent cells, and at the same time permits free circu- lation of air around each cell. The typical battery assembly is 
shown in Fig. 28. 

25. CHARACTERISTICS OF THE EDISON CELL. Edison storage cells possess several important characteristics which make them ideally 
suited to different services to which they are applied. These ad- vantages and characteristics are directly attributable to the ma- terials used, method of construction and to the fundamental elec- trical and chemical principles of operation of cells of this type. 
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For example, the containers of Edison cells are made of steel in- 
stead of rubber, the plates are also made of steel instead of lead 
and the electrolyte is an alkaline solution instead of an acid. 
The use of steel for all metal parts permits precision manufactur- 
ing and produces a cell physically strong and capable of withstand- 
ing successfully the wear and tear incident to service. The use 
of steel for the positive and negative plates makes possible a 

sturdy plate structure securely holding the active materials and 
not subject to buckling and warping as a result of internal stresses 
and strains. The alkaline electrolyte is a preservative of steel 
and its use makes possible a cell free from acid fumes and spray. 

In a subsequent lesson, additional information will be given 
.on the care and maintenance of an Edison cell. 

I 
p}.ia`«* .. 

Fig.28 Five Edison 
cells in a typical bat- 
tery assembly. 

Courtesy Edison Storage Batteries 

26. ELECTRICAL CHARACTERISTICS OF THE EDI S)N CELL. Like other 
storage cells, direct current must be used to charge the Edison cell. 
If only an alternating current supply is available, suitable rec- 
tifying equipment must be provided to convert to direct current. 
The voltage to be used for charging varies with the method of 
charging and time available. The simplest method, that of "Con- 
stant Current Charging", requires a voltage of at least 1.85 volts 
per cell with the rate held approximately normal by means of var- 
iable series resistance. Higher rates of charge can be used pro- 
viding the temperature of the solution in the cells nearest the 
center of the warmest part of the battery does not exceed 115° F. 
The battery is fully charged when, with constant current flowing, a 
maximum voltage has been reached and maintained for at least 30 
minutes. The initial voltage of an Edison cell, when placed on dis- 
charge at normal rate after having been fully charged, will be ap- 
proximately 1.37 volts. The average discharge voltage under the 
same conditions is 1.2 volts per cell. 

The state of charge cannot be determiner by a hydrometer read- 
ing since the specific gravity of an Edison cell does not change 
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to any marked extent during the charge or discharge cycle. The 
only time it is necessary to take specific gravity readings is to 
determine when a change of electrolyte would be advantageous. The 
potash electrolyte in Edison cells has anormal specific gravity of 
approximately 1.200 at 60° F, when at the normal level above the 
plates and thoroughly mixed by charging and when sample is taken 
at least one-half hour after charge to allow for dissipation of gas. 

The most accurate method of determining the state of charge 
is by means of a key voltage reading taken from a pilot cell of the 
battery with a calibrated resistance applied across the poles of 
the cell. Suitable charts will then give the state of charge and 
the amount of charge necessary to restore the battery to a fully 
charged condition. Such an instrument is known as the Edison Charge 
Test Fork. 

Mhile charging storage batteries, a certain amount of water 
is always dissociated and an explosive mixture of hydrogen and oxy- 
gen given off so sufficient ventilation must be provided for Edison, 
as well as lead cells to permit rapid dissipation of gas. 

Because of their extreme sturdiness of construction and their 
fundamental electro -chemical principle of operation, Edison cells 
last for a long period of time, depending on the type of service. 
Many Edison users have received fifteen and more years of useful 
life and it is not at all unusual for these batteries to remain in 
consistent service for even a longer period of time. 

27. CHEMICAL ACTION OF THE EDISON CELL. One of the generally 
accepted chemical formulas for describing the actions and reactions 
during the charge and discharge of an Edison cell may be expressed 
as follows: 

KOH + 6Ni02 + 3Fe 

Electrolyte 

Fe304 + 

Positive Negative Negative 
Plate Plate 

i 
Plate 

2Ni30. + KOH 

Positive 
Plate Electrolyte 

Potassium + Nickel + Iron becomes Magnetic + Nickel + Potassium Hydroxide Dioxide Iron Oxide Oxide Hydroxide 

The chemically active material in the positive plate of an Ed- 
ison cell is nickel -dioxide and the active chemical constituent of 
the negative plate is the pure metallic iron. The electrolyte so- 
lution is potassium hydroxide and, as can be seen from the above 
reaction, it is not changed during the chemical reaction. When on 
discharge, the pure metallic iron is oxidized and converted to 
magnetic iron oxide (Fe30.). The nickel -dioxide on the positive 
plate is converted during the discharge into a lower oxide of nick- 
el (Ni30.). 

As the cell is charged, the reverse of the above reaction takes 
place; that is, the low oxide of nickel (Ni30.) is raised to the 
higher nickel -dioxide (Ni02), and the magnetic iron oxide (Fe30.) 
is reduced to pure iron (Fe). This transfer of oxygen which takes 
place from the positive to the negative plates on discharge pro- 
duces electrical energy. Since the potassium hydroxide electro - 
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lyte of the Edison cell does not enter into the chemical reaction, 
its specific gravity does not change appreciably during charge and 
discharge. 

28. SUMMARY OF DATA ON LEAD -ACID AND EDISON CELLS. 

EDISON CELL LEAD CELL 

Voltage, charged 1.37 2.1 

Voltage, discharged 1. 1.75 

Specific Gravity, charged 1.2 app. 1.275 

Specific Gravity, dlschargec 1.2 app. 1.150 

Charging Voltage per Cell 1.85 2.3 to 2.65 

Ampere-Hour Efficiency (S) 80 to 82 85 to 95 
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THOMAS ALVA EDISON 
(CONCLUDED) 

On February 19, 1873, a patent was secured by Edison on one of 
the most marvelous inventions which his ingenious mind ever con- 
ceived an invention which revolutionized the business world and 
added another enjoyment to life's pleasures the phonograph. It 

was while singing into the mouthpiece of a telephone that the idea 
of the 'talking machine' was conceived by him. The vibrations of 
the fine steel point of the mouthpiece on his fingers lead him to 
believe that they could be recorded on a strip of material which, 
when again run under the needle, would give back the same sound 
which was impressed. He tried the experiment first on a strip of 
telegraph paper, shouting the words 'Hello! Hello!' into the mouth- 
piece. Then when this paper was run again under the steel point, 
a faint 'hellol hello!' was heard. Although the idea of his in- 
vention was laughed and scoffed at, Edison was not discouraged in 
the least. He continued on until his crude model had taken on the 
refinements which made thé 'talking machine' the marvelous instru- 
ment that entertained millions previous to radio's advent, and whose 
use in the Radio field is tremendous. 

Ever searching for something new in the realm of science, and 
never discouraged, he next conceived doing for the eye what he had 

just accomplished for the ear; that is, preserving a moving picture 
for the eye the same as he had made possible the preserving of voice 
and sound for the ear. Although he had but little knowledge of cam- 
eras, and had never taken a snapshot or developed a plate, he plunged 
into the study of photography with a zeal which knows nothing but 
success. After mastering the study of photography, he reasoned that 
to secure natural, life -like movement to the eye, it would be nec- 
essary to take separate pictures at a high rate of speed --forty to 
sixty per second --and then project them on a screen at this same 
speed. By so doing, the eye would not be able to differentiate be- 
tween them and they would appear as moving picture. Although such 
a machine promised to be very interesting and presented wonderful 
possibilities, there was also present the fact that there was no 
film capable of taking pictures at such a rapid rate of speed. How- 
ever, with his usual quality of not 'giving up' in the face of dif- 
ficulties, he added a photographic laboratory to his establishment 
and immediately set to work to find the kind of film he desired. As 
usual, his efforts were rewarded with the evolving of a film which 
suited his purposes, together with the 'kinetoscope', the machine 
to be used for the portrayal of the pictures. 

The actual demonstration of the machine now began, with the 
boys in the laboratory turning somersaults, standing on their heads, 
playing leap -frog, and doing everything imaginable for the film cam- 
era. Edison then turned his attention to the talking motion pic- 
ture, and from his idea has sprung today's modern motion picture, 
one of the nation's largest industries, which provides entertain- 
ment.for millions of people the world over. 

Although what we have told you of the life of Edison has cov- 

ered only a very small portion of his many inventions and achieve- 

ments, it should give you an idea of his remarkable foresight, his 

firm belief in his ideas, and his unfailing determination to carry 

them out. You should, indeed, profit much by his wonderful example, 
and by his motto: 'Genius is 2% inspiration and 98% perspiration'. 
Let this be your motto. You have the foresight, for you are pre- 

paring yourself for a future in the promising field of Radio and 

Television; so apply your determination and carry it out with '98% 

perspiration'. STICK TO YOUR STUDIES AND WIN! 

Copyright 1942 

By 

Midland Radio & Television 
Schools, Inc. PRINTED IN U.S.A. 

OnE.$ InT$ 

KANSAS CITY. MO. 



Lesson Sixteen 

POWER SUPPLY 

RECTIFIER 

CIRCUITS 
i 

"Vacuum Tube Rectifiers 
with their associated Milter 
Circuit and Transformer consti- 
tute the Power Supply System for 

practically all modern Radio and Tele- 
vision Receiving and Transmitting equipment. 

"Since you are going to use Power Supplies in every phase of 
your future work, I suggest you study this lesson thoroughly and 

carefully so that you will have no trouble in associating this 
equipment with the other apparatus you will stud. One of your 
first experiments will he the construction and testing of a com- 
plete Power Supply System." 

-4-9411F 

The use of batteries for power supply to the filament, arid 

and plate circuits of vacuum tubes has several disadvantages. First, 

batteries have a relatively short life, and the output voltage 

of a battery depends upon its age. With reduced voltages, the 
operation of a receiver is far from efficient. Battery power is 

also more expensive than the power taken from AC supply lines. 

Then, too, batteries are inconvenient. If a storage battery is 

used for the filament voltage supply, it requires regular atten- 

tion. It must be charged and filled with distilled water at fre- 

quent intervals. It must he placed where there is no possibility 

of the acid bubbling out and spilling upon the furniture, rugs, or 

floor, where it will cause great damage. The use of an Air -cell 

for filament supply eliminates the difficulties associated with 

acid electrolytes; however, the Air -cell is a primary battery. Dry 

cell Ii batteries are expensive and inconvenient. After all battery 

has been in use for some time, the output voltage does not remain 

steady, but fluctuates, causing the set to become noisy. 

For these reasons, batteries have, wherever possible, been 

discarded and the radio set designed to operate from the AC line 

supply voltage. In many instances, battery power is the only type 

of power available. This is especially true of farm receivers, 
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automobile receivers 'and aircraft receivers. A number of farms,, 

at present, have32-volt lighting systems and all -electric receivers 
have been designed for this voltage. Many'áutomobilés now use 
small generators which supply -a 110 -volt alternating current. These 
generators are driven by the gasoline motor. 

About 1924, the B eliminator ,was introduced.'. This, device,' ás 
its name implies, converts the' lighting supply voltage into volt- 
ages suitable for the plates of the vacuum tubes;d thereby eliminat- 
ing the B battery. This was a forward step towar,tie 1 -electric 
receiver. In a short time, the A eliminator. appeared; á device 
which converted the alternating supply voltage into a low DC volt- 
age for filament supply. These two devices were decided improve- 
ments, yet they left much to be desired. They.:were cumbersome.and 
required a certain amount of attention. .. 

In 1927, the first AC operated vacuum tubes were introduced. 
They were designed so as to have their filaments operated by an al- 
ternating voltage. .Three tubes, the type 26, type 27 and type 
71-A were brought out at this time and they made possible a com- 
pletely AC -operated radio receiver. . 

1. FILAMENT SUPPLY. In all of the vacuum tube circuits given 
in previous lessons, batteries have been used for filament, voltage 
Fig. 1 illustrates a single type 01-A tube with its -filament volt- 
age supplied by a 6 -volt storage battery. Sincethe type 01-A re - 

01-A 

Fig.1 An .01-A tube. receiving 
its filament -voltage from a 6- 
volt storage battery. - 

quires 5 volts on'its filament, it is necessary to iñclude atheo- 
stet in the filament circuit to reduce the 6 volts of ,the storage 
battery to 5 volts for correct operation of -the filament; The 
rheostat,' which is a variable resistor, allows us to set the fila- 
ment voltage at the correct value. A variáble'resistor must be 
used because the output voltage of the storage battery will fall 
as it discharges. By,referring to a tubemanual, it is found that 
the type 01-A requires a .25 -ampere filament current. 

If the 6-volt.storage battery is used to heat the filaments 
óf -the two -tubes, they are connected in parallel as shown in Fig. 
2. It would be possible, of course, to insert, a separate rheostat 
in each filament circuit; however, since both tübes require 5 volts 
for correct operation', only'one need 'be used. 'It is connected so 
;that the filament'current of both tubes flows through it The fila- 
ment of tube A"draws .25 ampere from. the battery and the.filament 
of tube Bdraws an equal amount. Therefore, the total current 
flowing through the battery and through the rheostat is .5 ampere. 
Since the rheostat has twice as much'current'flowing through it, 
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Fig.2 Two 0 -A túbes connect= 
ed to the some battery. One rhe- 
ostat serves to control both 
tubes. 

01-A _ __ . 01-A 

8 

nnn. 

its resistance should be half as great in order to prodúce the volt- 
. age drop from 6 volts to 5 volts.- In Fig. 3 are shown three type 

01-A tubes securing their filament voltage from the same 6 -volt 
storage battery. Each of the tubes draws .25 ampere; therefore, 
since the tubes are connected in parallel, the total current flow- 
ing through the battery and the rheostat is .75 ampere and the 

01-A 

6V 'F- 

01-A 

FFg. Three 01A tubes connected to the same battery,, -)The total 
current 

- 
d-rawn from the battery is .75'ampere. . 

value of -the rheostat in ohms, must be such that':it will,. correctly 
: drop the voltage of the 6 -volt storage battery to -5 volts. Since 
the threetubes are':connected.,inparallel, the voltage across each, 
filament is 5 volts: 

In ,a-previouslesson, the construction"of the cathode.type 
s' - tube wastudied.-, This tube connists'of a heater, the purpose of 

which is to heat the.cathode, a metal -sleeve in close proximity to, 

but not in electrical contact with, the heater. The.cathode is 
coated with a material which emits electrons at relatively low tem- 
peratures. The cathode itself is the emitter) and it is the cathode 
(not the heater) to which the plate andgrid circuits must -be re- 
turned tomake them,complete.. Fig. 4 shows a tube of this type us- 
ing a filament transformer to supply the Heater voltage.. This is 
a type 27 tube which ,requires 2.5 volts heater voltage and draws 

{ 1.75 amperes heater current. This 2.5 volts is supplied by the 
stepdown transformer. The primary isconnected to á 110 -volt, 60 - 
cycle alternating current source and the transformer is -designed 
to produce 2.5 volts across the secondary. Fig. 5 shows two tubes 
connected to the same transformer. The two heaters are connected 
in parallel; therefore, the voltage, across each is 2.5 volts. Each 

.'heater draws 1.75 amperes; therefore, the total current drawn from 
the secondary of the transformer is 3.5 -amperes and the transformer 
moat be -so designed that its secondary is capable.of passing this 
much current without overheating. -The rating of a transformer wind - 
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Fig.a- F .type 27 tube connect- 
- ed to a filament transformer. 
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jug S.nolndeá 'the'voltage which is produced across it and the maximum 
current that; can be drawn from it without causing damage from. a cés- 71 
sire heat. P 

áw.27 

C-3' ' 

- - Ik 

c1 ,' 1 110V 

Fig.5 Two type 27 tubes con 
.netted to the same transformer. 

' The total current drawn from 
the transformer. Is, 3,5 amperes. _ 1lü 

=! 

The directly heated cathode or filament type tube has also been 
designed to be used with AC on its filament. A typical example is 

_' the type 45. When an AC voltage is applied to the filament of a di- T" 

reotly heated cathode type tube, a difficulty arises. This can best 
be explained as follows: Fig. 6 shows the various circuits, of a 
tube using batteries for power -supply. The A battery is: 5. volts, ==- 

, 

- - r 
1y' - 

Si 
F ig.6 Illustrating the plate 

- 
y 

I- t A and grid voltages when these circuits are returned to the , 
F I tw- 

', negativve side of the filament. 

the B battery, 45 volts and the C battery, 6 volts.' We have learned, " 
I 

that all voltages are measured from the elements of the tube to the 
negative side of the filament. For instance, the plate voltage is 
measured from the plate of the tube to the negative side of the fil- 
ament and the grid voltage is measured from the grid of the tube to : 

,''' 

the .negative side of the filament, In this case, then, the plate 
_ , voltage is' 45 volts and the grid voltage is 6 volts. Now, consider 

Fig.. 7. Suppose the .grid and plate circuits are returned to the.,,_7x 
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- fig.7 Illustrating the plate 
and grid voltages when these 
elements are connected to the 
positive side of the filament. I 

lima 

6V I a5V 

positive side of the filament. 'The B battery has the sand'voltage 

' as before; however, the plate voltage, as measured from the plate 

of the tube to the negative side of the filament, is now equal to 50 

volts, or the voltage of the'B battery plus the voltage of the A 

battery sinos these two batteries are connected in. series. Also, 

the grid voltage as measured from, the grid of the tube to the neg 
ative side of the filament is now found to be 1 volt, or the dif- 

ference between the C battery and the A battery. These two batter- 

ies are also connected in series, but they are connected in such a 

meaner that the voltage of one opposes the voltage of the other; 

that is, the grid is 6 volts negative with respect to the positive 

-side of the filament, but is only 1 volt negative with respect to 

the negative side'of the filament. . 

Suppose that an alternating voltage.is applied to the filament 

of this tube ss'shown in Pig. 8. The plate and grid circuits are 

plate circuitsnito 
the gridi 

a of 
the secondary of the 'filament 
transformer.. 

_ + 

6V 

e 

15V 

ttov 

returned to point I. Let us see how this affects the operation of 

the tube. The voltage between .I and Y, or across the secondary of 

the filament transformer, is '5 volts; however, it is an alternating 

voltage. During one alternation, point I is 5 volts positive with 

respect to point Y. During the succeeding alternation, point I is 

-5 volts negative -with respect. to point Y. When point I is positive, 

--- the plate voltage (voltage between the plate and the negative side 

-of the filament) is 45 + 5 or 50 volts. The 'grid voltage (grid to 

negative filament) is 6 - 5 or 1 volt. During the next alternation 

r- when I is negative, the plate voltage is 45 volts and the grid volt- 

-'age is 6 volts. Thus, when the plate and grid circuits are returned 

to point I, it is, found that the plate and grid voltages vary,5 

volts, es the current through the fil ment circuit alternates. This 

is very objectionable. We know that if the plate and grid voltages 

are changed, the plate current of the tube changes. The plate and 

5: 
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grid voltages -are changed at :a £0 -cycle rate. This causes the 
plate current to vary at a 60 -cycle rate and this variation of the 
plate currentis amplified through succeeding. stages and appears in 
the loudspeaker as every loud,, objectionable hum, practically over- 
-riding the program. 

Letns furt' investigate this problem. Considering just the 
plate voltage, examine Fig. 9. The difference in voltage between 

'and various thewfilamentpwhen 
the plate_ circuit is returned .to the 
negative terminal of the A battery. 

- 5v , 45Y 

:I 

the plate and the positive end of the filament -is 40 volts and be- 
tween the plate and negative end of the 'filament is 45 volts. Like- 
wise, the plate is 42.5 volts positive with respect to the center 
point of the filament. The number of electrons which the plate 
draws fro. 'any part of the- filament depends upon the difference in 
potential between the plate and that point. Therefore,. more eleo-- 
trons will be attracted from point C than from point A. From the 
diagram it can be seen that the average potential difference be- 

. tweem.t4s plate and the whole filament is 42.5 volts. If the con- 
-- neotiaás of the A battery are reversed, the potentials will be those 

illustrated in -Pig. 10. The voltage'between the plate and point A 

fi t Th voleta es betireen 
i.- the gime una various parts of 

c I the filament when the plate is 
A, 8 retinalrofd.th o thene 

A, battery.' term- 

5V sr 
. . . 

is 50 volts,'betweeñ'the plate and point'C is 45 volts; between the 
plate and point B, the center of the filament, is 47.5 volts. The 
'average potential difference between the plate and the filament as 
a whole is 47.5 volts. If the A battery is replaced by sn alter- 
natingvoltage source of 5 volts, Pig. 11 st A would intestate the 
potentials during one' alternation and. Fig. 11 at B, tabs during 
the succeeding alternation. It should be noticed thatQ the average. 
potential difference between the plate and the filament changes 5 
volts (42.5 tó 47.5) from one alternation to the next.' This, of 
course, ?eases a 60 -cycle variation of the plate current:- ' 

6 
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Fig.11 (A) The voltage difference between the plate and various 
parts of the filament during one alternation of the filament volt- 
age. The plate is returned to one side of the secondary of the 
.transformer. (B) The voltage difference during the next alternation. 

I . 

.B *5V 

Hir 

. 
If it were possible to coddect.B ¡inns to the'exact center of 

' the filament, the potential diagrams would-be those shown id Figs. 

12 and 13. In Fig. 12, point A is 5 volts positive with respect to 
point C; in Fig. 13, point A is 5 volts negative with respect to 

point C: These twodiagraas correspond to the conditions which ex- 
ist during the positive and negative filament voltage alternations. 

. Notice that during each alternation, the average potential difference 
between the plate and the whole filament 15,45 volts.. Such a con- 
nection is ideal; there is nó change in the average potential dif- 

ference between the plate and the filanent and, therefore, ho vari- 

ation in plate.ourrent. - 

r. - 

(00001 
110v. 

fr 
illustrating 

e 
ef- 

fect ettelatecir- 
cuit to the mid-point of the 
filament. 

1 i 0 

(99 1 
Fig.i3 The voltage difference 

between- the plate and various_ 
parts of the filament during. the 
alternation following that shown 
in Fig -12. 

It is impractical; to. center -tap the filament;' -`however, if. B 

minus is connected to a point which has the same potential as the 

' 

; center of the filament, then equally good -results could be expected. 

' This may be accomplished by connecting 8 minus to the electrical 

center of'the filament secondary,winding, which is tapped as shown 

in Fig. 14. It is obvious that this point will have the sale po- 

-tential as the midpoint.of the filament if it is located at the ex- 

act center of the transformer winding and if the two leads from the 

transformer terminals to the filament ends' are exactly'the same 
length. The'transformer is- usually.locáted some distance from' the. 

' 
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I°_', _filament prongs of the tube which necessitates long leads. Since ;,. 'f; 

it is quite possible that theseleads would not a of exactly the:- t: 

A same length,,better results can be obtained by returning B minus. Z.11 ' 

to the midpoint of a center -tapped resistor, connected directly ` 

y, across the filament prongs of the tube.. al shown in Fig. 15. This - 

T -r - r, 
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Fig.11 A metTod of returning '= 
'the plate circuit to the mid- '- 

- point of the secondary of the_- 
fi,l.ament transformer, I' 
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Fig.15 A' circuit in which the 1' 
plate circuit is returned to the, 
center tap of a resistor. - - 
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F."' 
eliminates the hum which might be caused by an unbalance in the 
length of the filament leads. By similar reasoning, it is possible 

:' to show that the.grid circuit should also be returned t°this point.- 
- Fig. 16:'shows a circuit using a center -tapped transformer. 
Nearly all filament transformers are center -tapped in order that the 

' plats and grid leads may be returned tothis point if it is not con- j 

,- . venient to use a center -tapped' resistor. . 
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Fig.16, 4 circuit using a.cen :Fig.17 A circuit -using a cep;,. .=:) 
tt ter-apped transformer. -'.ter-tapped resistor. 4 - 

ID,: .r.`,11! . 
.: a;. Gr t - - - 1 - 1 
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... - - A circuit using a center-tappedresistor is shown in Fig, ,, 

- The electrons,, collected by the plate, flow down through the B bat -*y 
tery to the center tap of -this resistor, At this point, they di-- - ' 
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vide, part going to one end of the resistor and the rest to the op- 
posite end. They then flow up through each side of the filament 
to.be emitted again. Since this center -tapped resistor is in par- 
allel with the secondary winding of the filament transformer, there 
will he an alternating current flowing through it at all times. 
Therefore, this resistor should not have so low a value as to cause 
too large a current to he drawn from the filament winding, thereby 

'- 

Fig.18 Two center-tappe0 resistors for use in filament circuits. 

overheating it. Fig. 13 shows two types ofcenter-tapped resistors. 

The following table Jives the size of center -tapped resistors to be 
used with different filament voltages. 

FILAMENT VOLTAGE 
TOTlL RESISTANCE 

OF 

CENTER-TAPPED RESISTOR 

1.5 volts 10 ohms 

2.5 20 

5 50 

6.3 50 Or 75 

7.5 75 or 100 " 

A low -resistance potentiometer is sometimes used i place of 
the center -tapped resistance. The sliding arm of the potentiometer 
is to be adjusted until a minimum amount of hum appears in the out- 
put of the receiver. This device is called a "bum adjuster" 

The use of the indirectly heated cathode type tube eliminates 
all of these difficulties. For that reason, most modern tubes are 
of this type. 

2. REQUIREMENTS OF THE POWER SUPPLY. The plate voltage of a 
vacuum tube should be as pure a DC as it is economically possible 
to obtain. If an alternating voltage were applied to the plate of 
a tube, plate current would flow only during those times when the 
plate was positive with respect to the filament. The plate current 
would consist of a series of pulses having a frequency of 60 cycles 
per second. These pulses would produce a very loud annoying hum in 
the output of the receiver. This hum would be so loud that it would 
be almost impossible to receive any program with the receiver. If a pu 1 - 
sating DC voltage were applied to the plate of a vacuum tube, the 
plate current would rise and fall in direct accordance with the 
variations of the pulsating direct voltage. This would also produce 
hum in the output. 

The problem confronting us is as follows: The 110 -volt, 60 - 
cycle alternating supply voltage must be raised to 300 volts or 
more. This alternating voltage must be converted into a pulsating 
direct voltage and then the DC component of this pulsating direct 
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voltage must be,separated. from the AC component by means of a low- 
pass filter. This DC.component which is. a pure DC,is then used. 
to supply the plate voltages of the tubes. A block diagram of a 
power supply unit appears in Fig. 19. The power transformer steps 

110V 
AC 

POWER 
TRANSFORMER 

RECTIFIER 
FILTER 

CONDENSERS 
8 CHOKES 

I I I I. 
I I 

I I 

y t 

'f 

110V AC 

I' RECTIFIED CURRENT FILTERED CURRENT VARIOUS VOLTAGE 
PULSATING DC SMOOTH DC VALUES 

STEPPED -UP AC 

VOLTAGE 
DIVIDER - 

RESISTANCE 
BANK 

1 TO 
.' RADIO SET 

f 

Fig.19 A block diagram of a power supply. 

up the 110 volts AC to 350 volts AC or higher in some .cases; the 

rectifier then changes this alternating current into a pulsating 

direct current. The filter circuit smooths out the pulsations of 

the pulsating direct current,. making the output of the filter a 

pure DC. The voltage divider then provides a means of securing 

various voltages up to the maximum for the correct operation of the 

set. 

3. PONER TRANSFORMERS. A power transformer consists of one 

primary and several secondary windings. Most primary windings are 
constructed to be used with 110 volts AC; however, it is possible 
to'buy power transformers which use 220 volts AC for their primary 
windings. The 220 -volt type is for receivers to be used in the few 
communities which are supplied with this voltage. 

Most of the power plants in this country supply an'álternating 
voltage with a frequency of 60 cycles. A few plants,, however, es- 
pecially the smaller ones, supply a 25 -cycle alternating current. 
If the power transformer in your radio receiver was designed for 

60 -cycle alternating current, it most positively will'notwork on 
a 25 -cycle current. Let us see why this is so. The primary of the 
power transformer to be used on 60 -cycle alternating current was' 
designed to have sufficient inductance to make its inductive reac- 
tance at 60 cycles great enough to safely limit the primary'current 
to a value.which does not cause overheating of the transformer. 

The inductive reactance of a coil becomes less as the fregáency is 
lowered. Therefore, if this same transformer is now connected to 

a 25 -cycle alternating current line, its inductive reactance at 25 
cycles is less than half as much as it was at 60 cycles. This 

causes the primary current to be more than twice as great as normal. 
The excessive primary current produces more heat than the transfor- 
mer can safely dissipate and its continued flow will burn out the 
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primary winding in a very few minutes. A transformer constructed 

to be used with a 25 -cycle alternating current must have a primary 
winding which has a much greater value of inductance than the 60 - 

cycle transformer. This large inductance is obtained by using a 
much larger iron core for the power transformer. A 25 -cycle trans- 
former is about twice as large as a 60 -cycle transformer, due to 

this greater amount of iron in its core. If the 25 -cycle transfor- 
mer were used with 60 -cycle alternating current, no particular dam- 
age would be done, although the transformer would not work as ef- 
ficiently as one designed particularly for 60 cycles. 

One of the secondary windings has more turns than the primary. 

It is called the "high voltage winding", and the high voltage to be 
applied to the rectifier is taken from it. Another secondary wind- 
ing has fewer turns than the primary winding. It isalow-voltage, 
high -current winding used to supply filament voltage to the recti- 

fier tube. These are the only windings needed for the 6 power sup- 
ply; however, since the filaments of the other tubes in the set re- 
quire a high current at a low voltage, the power transformer usual- 
ly possesses two or more filament windings. You must be careful 
not to use a filament winding on the power transformer to supply 
more tubes than the number for which it was intended. Otherwise, 
the winding will be overloaded; excessive current will flow through 

it; and it is liable to burn out. The amount of current that may 
be drawn from each winding is given with the manufacturer's speci- 
fications. All power transformers will have at least two filament 
windings, since the winding used to supply filament voltage for the 

rectifier tube cannot be used for any of the other tubes. Pig. 20 

illustrates several types of power transformers. Most alternating 

, - 

-- . . . J I 

Fiq.20 various types of power transformers. 

lighting supply lines are rated at 110 volts. The actual voltage 

at the outlets in your home depends upon how distant you are from 
the lighting supply transformer and upon how many homes this trans- 

former is supplying. If you are close to the lighting supply trans - 
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' former, the voltage in yóur home may be as high as 120 volts, or-ifyou 

are far rrom'this transformer, you may find that the voltage is 

as low as 100 volts., To.overcome this difficulty, some manufactur- 

ers have.designed transformers with tapped primary windings, as il- 

lustrated in Fig. 21. This figure shows a power.transformer whose 

primary 'has. three taps. 
If the voltage at the outlet is 120 volts, the AC line is cón- 

nected across the entire primary winding; while if the voltage is 

only 105 volts, the AC line is connected between the 1105-volt tap 

, and the bottom end of the transformer. In the latter case, fewer 

primary turns are in use. Decreasing the primary turns increases 

the -turns ratio between the secondaries and the primary, therefore 

producing the same.secondary voltages as those. created by the 120 - 
volt line. 

120V 
115V 

110V 
105V 

Primary 

High 
Voltage 
Minding 

Red ITier 
Filament 

Winding 

Filament 

Minding 

F.ig.21 Symbol of a power 
transformer which has a tapped 
primary. 

1 

Fig.22- A ballast tube con- 
nected in series with the pri- 
mary of a power transformer. 

.There is usually a variation .in the lighting supply voltage 

. from one part of the day to another. This variation may amount to 

15 or 20 volts. Naturally, when the voltage is high or above nor- 
mal; all of the voltages in the receiver are 'high. Likewise, when 

the voltagefalls below normal, the receiver voltages are low and 
maximum efficiency cannot be expected. A few manufacturers have 
taken means to obviate this difficulty by using what is known as a 
ballast tube, or voltage regulator tube. Ballast tubes are con- 

structed in many different forms; one type has a filament made of' 
iron wire. It is enclosed in an evacuated bulb into which has been 
introduced a small quantity of hydrogen. The ballast tube is con- 
nected in series with the primary of the power transformer as shown 
in Fig. 22. It is nothing more than aresistor which is capable of 
changing its resistance as its temperature is changed. The normal 
voltage drop across the tube is 50 volts. If the lighting supply 
.voltage is -110 volts, this leaves 60' volts applied across the pri- 
wary of the power transformer. Therefore, the ballast tube must be. 
used.with,a pówer transformer designed to deliver the correct sec= 
ondary voltages'when the primary voltage is 60 volts. An inereáse 
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in the lighting supply voltage from 110 to 120 volts tends to. send 

more current through the primary and the ballast tube. The in- 

creased current flowing through the iron wire of the ballast tube 

raises its temperature and, in direct consequence thereof, its re- 

sistance. The voltage drop across the tube increases to 60 volts 

and since the line voltage is 120 volts, this leaves 60 volts ap- 

plied across the primary of the power transformer, or the same as 

before. If the line voltage falls to 100 volts, a smaller current 

flows through the circuit. This allows the filament of the tube to 

cool somewhat and in turn decreases its resistance. The voltage 

drop across the tube decreases to 40 volts which leaves 60 volts 

applied across the primary winding as before. From the foregoing, 

it can be seen that when the lighting supply voltage changes from 

100 to 120 volts, the actual voltage applied to the primary wind- 
ing of the power transformer remains at 60 volts. Therefore, th'e 

secondary voltages are constant and unaffected by the line voltage 
variations. The ballast tube is, by no means, a perfect.arrangement, 
but -it does help to keep the set voltages at amore constant value. 

4. TUBE RECTIFIERS. It is the rectifier's job to convert the 

alternating voltage, which appears across the high -voltage winding 

of the power transfórmer, into a pulsating, direct voltage. When 

an alternating voltage is applied across á resistor, current flows 

through the resistor first in one direction and then.in the opposite 

direction. If we -lad a resistor which would allow the passage of 

current in one direction but would not allow any current flow in 

the opposite direction, then we would have a rectifier. If you con- 

sider a moment, you will realize that we have already studied such 
a device. It is the vacuum tube. A vacuum tube allows current to 

flow from the heated filament to the positive plate, but does not 
allow the flow of any current in the opposite direction. !Many dif- 

ferent types of rectifiers have been constructed, but the vacuum 
tube rectifier has so many advantages that it is used almost exclik- 

sively. Rectifier tubes are constructed in two forms, the half --wave 
and the 'full -wave type. Why these names were chosen for the two 

tubes will become apparent as. we continue the study of the recti- 
fier. The half -wave rectifier tube is a high -vacuum tube contain- 
ing a filament and a plate; it has just the two elements. The fil- 
ament is of the oxide -coated type and is made of thick, ribbon-like 
wire. It must be constructed in such a manner as to enable it to 

emit a liberal supply of electrons. This is especially true since 

the amount of current that can be drawn from the power supply de- 

pends upon the emitting ability of the filament of the rectifier 
tube. 

Now we shall see how it is possible to use one of these half - 
wave rectifier tubes in a circuit. A half -wave rectifier tube, a 
load resistor and the high -voltage winding of the transformer all 
connected in series are illustrated in Fig. 23. The filament wind- 
ing is used only to heat the filament to a temperature sufficient 
to cause it,to'emit a liberal supply of electrons. It is designed 
to supply the correct filament voltage for the type of tube with 
which it is used and is wound with wire large enough so that the 
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'proper current mqy be. drawn from it without overheating..' Sine it . 

has no bearing on the actual -process of rectification, it will.not 
be given further consideration. The voltage between A and B is an 
alternating voltage. During one alternation, point A is positive 
with respect to. point B: This causes the plate of the rectifier 
tube to be ;positive with respect to its filament. It, therefore, , 

attracts electrons from the space charge surrounding the filament + 

and current flows from the plate of the tube through the high -volt., 
age winding from A to B to the bottom of the lead resistor, through 
the load:,resistor to the center tap of the filament winding and. '4 
then through both sides of the'filament winding back to the files- 
sent. Since the current flows from the bottom of the resistor to 
the top, the bottom end.. is negative with respect to the top end. 
This load resistor is used merely to explain the process of recti- 
fication. In actual application, a filter circuit must, be cameo- ' 

ted between the output of the rectifier and the load. During the - 

next alternation, point B is positive with respect to point A. 
This makes the plate negative with respect, to its filament and it, - 

therefore, cannot attract any electrons. There is no current flow 
-through the circuit during this alternation. The current flowing ,.'1 
through the load resistance consists of a series of pulses, all in ' 

the -same direction. - The waveform of the voltage between the points 
A and- B' is shown at A .in Fig.. 24. The current, which, flows through ,¡ 
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the resistor and the remainder of the circuit as a result of this 

voltage, is shown at B in this same figure. There are 60 pulses of 

current passing through the load resistor each second; therefore, 

the frequency of this pulsating direct current is 60 cycle's'. Notice 

that`advantage is taken of only the positive alternation of the al- 

ternating current.` During the negative alternation, the circuit 

and tube are idle, Since only,half of the AC wave is useful,,:this 

circuit is known as a half -wave rectifier and the tube as a half - 

wave rectifier tube. A typical half -wave rectifier tube is the 81 
'an illustration.of which is shown in Fig. '25. 

It is possible to use two half -wave rectifier tubes connected 

as shown in Figs. 26 and' 27. The alternating voltage is produced 

'between pointsA and C, 'The filaments of both tubes are connected 
' through the load resistor to the center tap of the high -voltage sec- 

ondary (point B). When point A'is positive with, respect' to ,pdint 

Fi`gg.251 Phantom view of 
a,nalf-wave rectifier,túbe. . 

C; -it is also positive with respect to this center tap, which causes 
the plate of the -top tube to be positive with respect to its filament. 

Thus, the top tube operates; durrent flows from the plate to point 

B, through -the load resistor to the center tap of the filament.wind- 

ing and'back to the filament of the top tube. Now Consider the bot- 

tom tube. 'During this time, point C is negative with -respect to the 

center tap, which causes the plate of this tube to be negative with 

respect to its filament. Unable to pass current, this tube idles 

during this alternation and that voltage present between points -B 

and C is ineffective in producing a-current-_fláw through the load. 

The direction of current flow is shown by the arrows in Fig. 26. 

As the AC voltage-begins.its negative alternation,the polar= 
ity of the voltage across the high -voltage secondary is reversed. 

Point C becomes positive with. respect. to point A,- thereby - ask- 
ing point C positive with respect to the center=tap and the plate of 

the bottom,,tube positive withrespect to itsfilament.1 The bottom 
tube passes current, which flóws.fro. its plate to point B, through 

the load -to the filament Winding center tap and back to the -filament 

of the botto._tube. As this current is flowing; point A is negative 

with respectto.the center tap:land_ the'plate. of the top tube is 

15 



~MM., 

110V 
60,cpSpl 

-c 

Load 
110VZ 

60 cpsa 

Load 

Fig.26. (Left) A full-wave rectifier circuit using two half-wave 
tubes. The heavy lines show the directiono/current flow when the 
top tube is conducting. 

Fig.2.7 (Right) The direction of current flow when the bottom 
tube is conducting. 

negative with respect to its filament. This tube idles and the 
voltage between points A and B is unable to produce a current flow 
through the load. The direction of current flow during this alter- 
nation is shown by the.arrows in Fig. 27. 

'Notice that the current flowing through the load resistor is. 

in the same direction during each alternation. Only one tube and 
one-half.of the high -voltage secondary function at any instant. If 
the voltage across the high -voltage winding is 700 volts, only 350 
volts of this is effective in producing a current flow through the 
load. Therefore, the gápge created across the load resistor is. 

350 volts less the vol drop across the tube which is 'passing 
current at that time. For this reason, the total voltage developed 
across the high -voltage winding must be more than twice as large 
as the voltage desired across the load. 

Fig. 28 at A shows the waveform of the AC voltage which is 
produced across the high -voltage secondary. Fig. 28 at B is the 
current which flows through the top tube and Fig. 28 at C shows the.' 
current. which flows through the bottom tube. The combined current 
of the two tubes or the current which flows through the load resis- 
tor is shown at D in the figure. Each tube supplies 60 pulses of.. 
current to the -load every second, which canses 120 pulses of cur- 
rent to flow through the load in a second of time. The frequency 
of the pulsating direct current flowing through the load is, there- 
fore, 120 cycles. Since this circuit takes advantage of both al- 
ternations of the AC voltage, it is called a full -wave rectifier 
circuit and it requires two half -wave rectifier tubes. It should' 
be evident that it is much easier to filter the output of a full - 
wave rectifier than that ofsa half -wave rectifier; the chokes used. 
in. the filter system need not have as large inductances, nor the 
condensers as large capacities. For these reasons, full -wave rec- 
tification is practically always used. 

In both the half -wave and full -wave type rectifier circuits, 
the filament of the rectifier tube is the most positive point of 
the circuit. It is common practice to ground the B minus of a pow- 
er supply to' the chassis; therefore, you should remember never to 
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Fig. 28 

(A) Waveform of the AC 
voltage across the high- 
voltage secondary. 

(8) Waveform of current 
flow through top tube of 
Fig.26. 

(C) Waveform of current 
flow through bottom tube. 

(D) Waveform of current 
flow through load circuit. 
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touch any part of the filament circuit of a rectifier tube and at 

the same time touch the chassis or ground. The voltage between the 

filament and the chassis is usually as high as 300 volts. It is 

for this reason that the rectifier filament winding cannot be used 

to supply filament voltage to any of the other tubes since this 

would be the same as supplying a high positive voltage to these 

filaments. The rectifier filament winding must be thoroughly in- 

sulted from the core of the power transformer as well as from the 

other windings. This, of course, also applies to the high -voltage 

winding. 
The first full -wave rectifier circuits employed two half -wave 

rectifier tubes, but it was not long until the tube manufacturers 

designed and constructed a full -wave rectifier tube. This tube 

consists of two separate plates and has two filaments internally 

connected in series. Each plate surrounds one of the filaments as 

revealed in the phantom drawing of Fig. 29. Four prongs are pro- 

vided, two for the composite filament and one for each of the plates. 

The type 80 is the most common example of a full -wave rectifier 

tube. 
One type 80 tube may be used in a full -wave rectifier circuit 

in place of two of the type 81's. Such a circuit is illustrated 

in Fig. 30. This figure shows the direction of current flow when 

the left plate is conducting, while Fig. 31 illustrates the path 

followed by the current when the right plate conducts. 

In all of the rectifier circuits thus far illustrated, the 

positive output terminal has been connected to the center tap of 

the rectifier filament winding. In many rectifier circuits, the 

positive terminal is connected to one side or the other of the fil- 

ament. No noticeable difference results from either type of con- 

nection, because the slight voltage variation resulting from a con - 
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Fig.29 (Left) Phantom view of.tull-wave rectifier tube. 
Fig.90 (Center) A full-wave rectifier circuit using one full- 

wave tube. The direction of current flow whenthe left plate con- 
ducts is shown in the figure. 

Fig.91 (Right) The direction of current flow when the right 
Plate Conducts. 

nection to,either side of 'the filament is inconsequential, compared 
to the pulsating DC output voltage produced and both are smoothed 
out by the action of the filter. 

The amount of current that can flow through the load circuit 

depends primarily upon the emission capability of the rectifier 
filament. The filament is capable of such great emission that 
should ashort circuit occur between the filament and ground, a 
very large current would flow from the filament to the plates , 

through the high -voltage secondary to B miens which is grounded. and 
then through the short c"ircuit which exists between ground and 
tie filament. The excessive current flowing through the transfor- 
mer winding produces more heat than the winding can dissipate. It 
is more probable, however that before the winding is seriously im- 
paired, the tube itself will suffer irreparable damage. The fila- 
ment literally destroys itself in its attempt to supply this ab- 
normal current. The large mass of electrons accelerated at tremen- 
dous velocities impinge'upon. the plates with considerable force. 
These iipacts convert'the kinetic energy acquired by the electrons 
into heat energy, which raises the temperature of the plates to a 
red heat. Thus, the presence of a short circnit in the power sup- 
ply is readily determined by observing the color of the plates. 

The high -vacuum rectifier tubes which have been discussed are 
called theratontc recttftore. They are manufactured in a. variety 
of sizes, ranging from the smaller type 80 up to very large water- 
cooled tubes capable of rectifying alternating voltages of 50,000 
volts. 

In addition to the thermionic type rectifier, there is another 
kind of rectifier tube, )mown as the mercury vapor type. This tube 
is rarely used in receiver power supplies, but finds wide asppplica- 
tion in the design'of power supplies to be used with trans fitters. 
Its completestudy will be taken up in a later lesson. 

5. CONTACT WTIFIIRS. A type. of rectifier which has a lim- 
ited application and yet possesses advantages peculiar to itself 
is the contact rectifier. Its principal elements are .a metal is 
contact with a crystal or metallic salt. A very comma example is 
the copper -oxide rectifier which consists of a disc of copper is 
contact with copper -oxide. Copper -oxide is a black substance which 
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fags a thin film on the surface of copper in much the same way that 
rest farms on iron. 

The device depends for its operation on the fact that electrons 
oaa easily flow from the copper to the copper -oxide, but only with ' 

great difficulty in the opposite direction. Thus, this combination. 
produces rectification since it offers a low resistance to current 

flowing in one direction and' a high resistance to current flowing 

in the opposite direction. Fig. 32 illustrates a single copper- 

Flg.1.2 The constituents of a 
copper-oxide rectifier element. 

oxide rectifying element. Discs of lead are provided to conduct 

the current from one element to another.. All but the very'smallest 

.of these rectifiers are equipped with flanges or radiator discs to 

allow the rapid radiation of heat which is developed by the current 
flowing through the resistance of the rectifying element: The gym- 

, bol for a copper -oxide or other contact rectifying element is shown 

in Fig. 33. The arrow indicates the direction in which currént'will 
flow. 

fly ;9 Symbol for a contact 
rectifying element.. The arrow 
shows the direction in which 
current will flow. 

. The amount of voltage that may be safely placed across a typ- 

ical -small rectifying element is only 11 volts AC. If this type.of 

rectifier is to be used with moderate or high voltage, several of the 

elements must be connected in series. In this manner,the voltage 
drop across each element is keptwithin safe limits. 

. 'The characteristics of a contact rectifier vary with the pres- 
sure between the'contact surfaces. This pressure determines the 

resistance of the element. The whole assembly of rectifying ele- 
ments is bolted together under very high pressure. Never tabs the 

bolt out or loosen the pressure, for it is impossible to again se- 

cure.the same pressure as the device originally had and its char- 

acteristics would, therefore, be changed. 

The maximum current that can safely pass through an element 

is about 500 ma. per square inch of contact surface. If'either the 

maxims voltage or maximum current is exceeded for one of these 

rectifying, elements, it breaks down and current flows -through it 

easily in both"directions. Its operation as a *rectifier is then 

valueless. 
No contact rectifier is perfect in its process of rectifies, 

tiem; that is, alrof them will allow some reverse current to flow 
through them. This reverse current is knoweas.leakage current and 

its amount imoreases-rspidly'with temperature. It is for this rear 

-sou that 000ling flanges have been provided to keep the,temperatnre 
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within safe limits, thereby reducing the leakage current. The temp--. 

erature of a rectifying element should not exceed 160 degrees F. for 

'efficient Operation. 

Due to the.fact that there is a leakage current, a certain min- 

imum current must be maintained through the rectifier at all times 

for efficient operation. This Minimum current should not be less 

than 50 ma. per 'square inch 'of contact surface. The copper -oxide 

rectifier is saéd to have a rectifying ratio of 10,000 to 1. This 

means that its tesiStance in the direction in which it will pass 

current easily only .0001 as much 'as its resiltance in the op- 

posite'direction. Instead of using a separate disc of copper ox- 

ide, this material is sometimes formed directly on the -surface of 

the copper disc 
. A single copper -oxide rectifying element is a half -wave recti- 

fier and can be9used in a half -wave rectifying circuit as shown in 

Fig. 34. The voltage produced across the secondary of the transfor- 

- 

Fig.;; A'.h'alf-wave rectifier 
circuit using ! copper -oxide 
rectifier.-. 

mer is an alternating voltage. Due«to the presence of the rectify- 

ing element in the circuit, current will flow only from the bottom 

of the resistorsto the top. There will be no current flow when the 

polarity across; the transformer winding reverses. The pulsating 

direct current'phich flows through the load,will have a frequency 

of 60 cycles. 
- Two rectifying' elements may be connected in afull-wave réeti- 

fier circuit astshown in Fig. 35. .When the top end of the second- 

ary is positive, current will flow out of the center tap, upward 

Fig.35 A full -wave rectifier 
circuit using two copper-oxide 
elements. I . 

through -the resistor and through the top rectifying element. Dar- 

ting this time, the bottom element is idle. Then, when the bottom, 

end of the secondary is positive, current will flow out of the oem- 

tertap, upward through the-loed resistor and back through the bot- 

tom rectifying element. During this' time, the top rectifying ele- 

ment is -idle. It is -apparent that this circuit. operates in exactly 

the sane manner as a full -wave vacuum tube rectifier circuit using 
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two half -wave rectifier tubes. Only one-half of the secondary volt- 
age is useful in- producing a current flow through the -load. The 
transformer must -be designed to develop across, its secondary a.volt- 
age slightly more than twice as much as the desired load voltage. 
The voltage produced across a rectifying. element when it is noncon- 
ducting is equal to one-half the secondary voltage plus the voltage 
developed across the load. This may be -seen by reference to the 
polarities in the diagram. In the figure, the bottom element is 
passing current; therefore, the voltage present across the top ele- 
>.ent is equal to the voltage from A to B plus the voltage across the. 
load. This consideration limits the usefulness of this type of cir- 
cuit, since the breakdown voltage of the elements is so low. 

A type of rectifier circuit which partially eliminates these 
difficulties is illustrated in Fig. 36. It consists .of -four ele-, 
meats arranged in what is known as a bridge circuit.. 

Fig. 36 shows the direction of current flow when the top end 
óf the secondary is positive and the bottom is negative. During ' 

+ +. 

The arrows 
(Left) full-wave rectifier 

t 

circuit using elements. 
showthedirectionofcurrentflowwhenthe top of the 

secondary is positive, 
Fig -.37 The direction of current flow when the bottom pf 

the secondary positive. 

this alternation; the rectifying elements A and B pass -current: 
Fig. 37. shows the direction of current flow during the next alter- 
nation when the top end of the secondary is negative and the bottom 
positive. During this alternation, the rectifying elements C and 
D pass current. This circuit reduces the voltage strain across 
each element to approximately one-half of that present in the cen- 
ter-tappe ransformer circuit. . . 

Mos comercial contact rectifiers are constructed for opera- 
tion inn idge circuit. Although the last two figures' illustrate 
the circuit connections and the -direction of current flow through 
a bridge type rectifier using copper -oxide rectifying elements, the 
actual appearance of a commercial rectifier is more -nearly like that 
of Fig. 38. The black discs represent the copper -oxide surface and 
the shaded discs, the copper itself. The rectifier consists of four 
elements connected in a bridge circuit. At first glance -it is hard 
to realize that this circuit. is connected iri exactly the same'man- 

. ner as the the shown in Fig. 36. By tracing the cúrrent path, how- 
ever, this is found to be true. The bolt Nhichholds.the elements 
together is in contact with the copper disc at either end and there - 

r3 -'fore connects these two discs together electrically. A fibre insu- 
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Fiq.38 A commercial copper - 
oxide rectifier used to supply 
the field of aa,namic speaker. 

-f-D.c ou-r T 

lating bushing keeps the bolt from short circuiting the elements. 
The copper -oxide rectifier is manufactured in a large variety 

of sizes ranging from discs about .5 inch in diameter to discs sev- 
eral inches across. The very small ones are used in conjunction 
with rectifier type meters for measuring alternating current. They 
rectify the alternating current and apply the resulting pulsating 
DC to a standard I)C meter. This meter is so calibrated as to read 
the R.M.S. value of the original AC current or voltage. Fig. 39 

shows two rectifiers to be used for this purpose. 

Fig.39 Illustrations of copper -oxide rectifiers. 

A little larger size is sometimes used to rectify alternating 
current for use in charging storage batteries. A transformer is 

employed to reduce the 110 volts AC to approximately 12 or 15 volts. 
This is then applied to the contact rectifier and the DC output may 
be used to charge a battery. Copper -oxide rectifiers have been used 
to provide the field excitation of dynamic speakers. They are very 
sturdy and if not subjected to abuse will maintain their operating 
characteristics over a period of years. 

6. FILTERS. The output of a full -wave rectifier is a pulsat- 
ing direct current which has a waveform as illustrated in Fig. 40. 

Fig.uO Waveform of the out- 
put voltage of a full -wave rec- 
tifier. 

o 

Before this pulsating direct current can he used to provide plate 
voltage for the various tubes of a receiver, its AC component must 
be filtered out, leaving only the pure DC component to be applied 
to the tubes. This operation is accomplished by the use of a low- 
pass filter such as studied in Lesson 14. 

Low-pass filters for use in power supplies are of two general 
types, namely: the condenser input type and the choke input type. 
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In the, former,' the output of the rectifier is applied directly a- 
cross a 'condenser as shown in Fig. 41. Before studying the action 

s e e . 

.CI C, 

Fig.s1 Full-wave rectifier circuit connected to a filter. 

of a filter, it is essential that something be learned about the 
process of charging and discharging a condenser through a resistor. 
To charge a condenser to an applied voltage requires the transfer 
of a certain number of coulombs of electricity around the circuit. 
The number of coulombs that needs to be transferred depends. upon 
the'applied voltage and upon the capacity of the condenser. To 
transfer a given number of coulombs requires that- a current of a 
certain value flow for'a definite length of time. .If a resistance 
is included in the circuit with the charging source and the con- 
denser, the amount of charging current'is thereby decreased. There- 
fore, to charge the condenser to the applied voltage will'require 
a longer, time. In general, the larger the resistance, the longer 
will be the tiie required to charge the condenser to a given ap- 
plied voltage. In like manner, the discharge of a condenser re-. 
quires that a certain number of coulombs be transferred around the 
circuit. If the circuit includes resistance, the time required to 
discharge the condenser increases accordingly'. The resistance in 
the circuit limits: the current flow to a low value. Therefore, 
the transference of the required number of coulombs will necessi- , 

tate that this current flow for a greater length of time. The out- 
put voltage or current of a full -wave rectifier is shown in Fig. 40: 
The current starts from zero and rises to a peak value. This cur- 
rent flows out of the center tap of the high -voltage winding; some 
of it goes to charge the first condenser, some to charge the second 
and third condensers and some flows through the load. 

The greater part of this current, however, will be used to 
,charge the first condenser. This condenser is being charged through 
a resistance. In this case, the resistance is the -plate resistance 
of the rectifier tube . Since the plate resistance of all rectifi- 
er tubes is relatively low, the condenser charges to the peak volt- 
age output in a very short interval of time. As the peak is, passed, 
the current from the rectifier starts to fall to zero., The voltage 
applied to the,condenser is now. decreasing. and so ,the condenser' 
must discharge. The condenser is charged with its top plate posi- 

, tive and the bottom plate negative. It cannot,discharge through 
the same circuit by which it.was charged, since current can flow 
through the rectifier tube only from its filament to its plate and 
not in the reverse direction. In order for the condenser to dis- 



charge, current must flow out of the bottom plate, around through 
the load, through the two chokes and hack to the top plate. The 
impedance of this path compared to the plate resistance of the tube 
is very high. For this reason, the time required, for the condenser 
to discharge is relatively great. In fact, the condenser is able 
to discharge only a small amount during the time that the output 
voltage of the rectifier changes from one peak to the succeeding 
peak. This causes the waveform of the voltage across the first con- 
denser to be like that of Fig. 12 at A. The solid line in the fig- 

: 
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Fi9.u2 The dotteo line represents the output voltage of the 
rectifier, and the solid line the voltage across the first filter 
condenser C1. B shows the voltage across Cl drawn separately. 

ure represents the voltage across the first condenser, while the 
dotted line represents the voltage output across the rectifier. 
The voltage across the condenser is drawn separately in Fig. 42 at 
R. Notice that this voltage never falls to zero and is far less 
pulsating than either the voltage or current producing it. Or, 
since it varies through smaller amplitudes, it can be said that 
its AC component is of lesser value. 

It is this voltage shown at R i Fig. 42 which now serves to 
force current through the first choke. Part of this current which 
passes through the first choke flows into the second condenser, 
thereby charging it. Thus, electrons flow from the bottom plate of 
the first condenser to the bottom plate of the second condenser. 
Likewise, electrons flow from the top plate of the second condenser 
through the choke and to the top plate of the first condenser. The 
voltage which appears across the first condenser tends to produce 
a varying current through the choke. The choke, due to its induc- 
tive reactance, sets up counter induced voltages which tend to pre- 
vent any current changes through it. The current which flows through 
the choke has awaveform as shown in Fig. 43. Notice that this cur- 

o o 
Fig.u3 Waveform of the current which floss through the first choke 11 of Fig.ul. 

rent varies through smaller amplitudes than the voltage which pro- 
duced it. It is this current which charges- the second condenser. 
Ily a similar method it is possible to prove that the voltage pro- 
duced across the second condenser will vary through a smaller ampli- 
tude than the current which flows through the first choke. The 
current flowing through the second choke is, for all practical pur- 
poses, a pure direct current. 

The output of a half -wave rectifier requires considerably more 
filtering than that of a full -wave rectifier. Its output consists 
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of's pulse of current followed by -an equal length of time, during 
'which no current flows at all. Obviously, the voltage which would 
be produced across the first filter condenser would vary through a 
much greater amplitude and, in order to producesufficieit filter- 
ing, the condensers and chokes would need to be of much larger val- 
ues, or else several more filter sections would have to be added. 
For this reason, half -wave rectifiers are, seldom employed. 

o 

Fig.aa Full-Nave rectifier circuit connected to a choke-input filter. 

In Fig. 44 is'illustrated arectifier connected to achoke in- 
put filter. The output voltage of the rectifier is the same as that 
when using a condenser input filter. This output voltage produces 
a current flow which charges the firstcondenser through the first 
choke. The choke tends to prevent the current from rising to as 
high a maxima' as' it would if the choke were not present and also 
prevents the current from falling to a zero value. The actual cur- 
rent flowing through the choke is shown inFig. 45. Since this cur- 

of the current flowing through the first choke 
ó.f Fig. #a. - 
rent varies through a smaller amplitude than the voltage. which prb- 
duced it, it is seen that the first choke reduces the AC component 
of the current drawn frbnthe rectifier. 

When a choke input filter is used, the peak, current drawn from 
the rectifier is not nearly as great as -it is when a condenser in-. 

put filter is'used. Since the current is not as large,, the voltage 
produced across the first filter condenser is not:.as high. This 
results in' a smaller DC.voltege being applied to the load. From 
this we can say that a condenser input filter will deliver a greater 
MC voltage to the load than w a choke input filter. irnrever, we 

;. 
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shall see in the study of'rectifiill. er circuits for use in transmit- 
ters that choke input filters have 'certain advantages which make 

'particularly adaptable for use'with_mercury vapor rectifier 
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tubes. Since practically all receivers use the thermionic, high - 
vacuum, rectifier tube, nearly all of them employ a condenser in- 
put filter. 

The output DC voltage of the filter will depend to some extent 
upon the capacity of the first filter condenser. If this capacity 
is too small, it will not acquire a very large charge. when the out- 
put current of the rectifier is increasing. Likewise, when the out- 
put current of the rectifier is falling and the first condenser is 
discharging through the first choke and the second condenser, it 
tends to discharge faster and since its charge is not very great, 
it will not hold the voltage across itself at so high avalue. This 
causes the voltage produced across the second condenser to be smal- 
ler in value and, likewise, the voltage across the load. By using 
larger capacities for the first filter condenser, the output volt- 
age increases. However, increasing the capacity of the first fil- 
ter condenser above 2 mfd. results in no further increase of the 
output voltage. 

Again, considering the condenser input filter, it can be seen 
that the first filter condenser produces the larvest part of the 
filtering action, the second condenser endeavors to take out what- 
ever ripple is left and the third filter condenser remains in a 
charged condition across the load to supply any sudden surges of 
current which the plate currents of the vacuum tubes might require. 

7. FILTER CHORES. The filter chokes used in power supply fil- 
ters have iron cores. In appearance, they resemble iron core trans- 
formers. (See Fig. 46.) however, since they consist of only one 
winding, they will have just two terminals. These two terminals do 

Fig.s6 Illustrations of filter Chokes. 

not have any polarity and so it does not make any difference which 
terminal is connected to the positive side of the line. To provide 
sufficient filtering action, chokes should have inductances of 20 
henries or more. Also, they must be designed so tkat they are able 
to carry the total current which passes through them without over- 
heating. This total current includes the current drawn by all of 
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the tubes of the receiver and, in addition, the current which flows 
through the voltage divider. All filter chokes are rated in their 
current -carrying ability as well as their inductance value. Thus, 
it is possible to purchase a 30 -henry choke capable of carrying 50 
ma., or another 30 -henry choke which is capable of carrying 100 ma. 
When, in the servicing of a receiver, you find it necessary to re- 
place a filter choke, always use a filter choke of the same current - 
carrying capacity and of the same inductance. A filter choke which 
is just barely able to carry the total current will operate at a 
dangerously high temperature and, in addition, since its resistance 
is greater than it should be, there will be a larger DC voltage 
drop across it than normal. This, of course, will reduce the avail- 
able DC voltage across the load. 

Most modern receivers employ the field of the dynamic speaker 
as the second choke in the filter system. This field consists of 
many turns of wire wound around an iron core. It, therefore, has 
considerable inductance and its use as a filter choke is very effi- 
cient. In Lesson 29, on loudspeakers, we will again refer to this 
use of the speaker field as a choke of the filter system_ 

8. FILTER CONDENSERS. The power supply filter of nearly all 
modern receivers uses electrolytic condensers. Electrolytic conden- 
sers have been constructed to withstand voltages of 500 volts and 
since the voltage requires for most receivers is not in excess of 
300 volts, it is quite natural that they should be used; especially 
so, since they furnish large capacities with a minimum amount of 
cost and size. Fig. 47 shows several electrolytic condensers suit - 
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Fig.u7 Illustrations of filter condensers. 

able for power supply filters. The two in the round containers are 
the wet type, while the two with rectangular containers are the dry 
type. The large round one has two 8 mfd. condensers in the same 
container. The dry electrolytic, which has four leads, is composed 
of two 4 mfd. condensers. 

The three condensers used in the filter system are ordinarily 
of equal capacity. In most filter systems, this capacity is8 mfd. 
each. While we have stated that using a condenser whose capacity 
is greater than 2 mfd. as the first filter condenser does not in- 
crease the DC voltage output, yet a condenser of 8 mfd. will prob- 
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ably provide better filtering action than would a2 mfd. condenser. 

If there is to be a difference in the capacities of the three con- 

densers, the smallest should be placed next to the filter and the 

largest across the voltage divider. To provide adequate filtering 

action, the second and third filter condensers should have capaci- 

ties of 8 mfd. or greater. 
The second filter condenser eliminates the ripple voltage not 

taken care of by the first filter condenser and choke. Therefore, 

its value should be at least 8 mfd. 
It is the third filter condenser which tends to keep the volt- 

age output of the power supply at a constant value. Suppose, for 

example, that the tubes of the receiver during.a certain instant 

require considerably more than normal current. The third filter 

condenser, which is charged to the DC output voltage of the power 

supply, discharges enough to furnish this extra current. If this 

third filter condenser does not have sufficient capacity to furnish 

this extra current, then part of this current increase mustbe 
drawn from the rectifier through the chokes. The additional.cur- 
rent drawn through the chokes produces a greater voltage drop across 
them and thereby reduces the voltage across the voltage divider. 
This causes all of the tubes to operate under a reduced voltage 

during the time this extra current is being drawn. It is, there- 

fore, essential that this third filter condenser be quite large in 

capacity. For this reason some manufacturers use condensers in 

this position whose capacities are as high as 16 or 32 mfd. 

The breakdown voltage of the second and third filter conden- 

sers must be great enough to safely withstand the DC voltage pro- 

duced across the voltage divider. The first filter condenser, how- 

ever, must have a breakdown voltage great enough to withstand the 

peak voltage of the output of the rectifier. Since the peak volt- 

age is equal to 1.414 times the effective voltage, the first con- 

denser must be able to withstand a voltage which is at least 1.414 
times the voltage produced across the voltage divider. For example, 
if the voltage across the voltage divider is 300 volts, the first 

filter condenser should have a rated voltage breakdown of approxi- 
mately 450 volts. 

When replacing filter condensers, always make sure that their 
breakdown voltages are equal to or greater than the ones being re- 
placed. Also, be certain that the condenser used to replace the 
first filter condenser has exactly the same capacity,. The use of 
a lower capacity will reduce the output voltage and a higher capa- 
city may increase it. In either case, the voltages applied'to the 

plates of the tubes woúld not be correct. It makes no difference 
if you use larger capacity condensers in replacing the second and 
third filter condensers, since a large capacity in these positions 
will only serve to further the filtering action. Filter condensers 
are rated both for AC and DC voltages. The AC rating is usually 
only a little over half as much as the DC rating. This is due to 
the fact that the peak value of an AC voltage is 1.414 times its 

effective or R.M.S. value and the condenser, to be serviceable, must 
be able to withstand the. peak. - 

If the power supply is to be designed to produce an output 
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voltage much in excess of"300'volts, it may be necessary to connect 
two electrolytic condensers in series in order to reduce the volt- 
age drop across them, This.is shown in Fig. 48. With this connec- 
tion, the effective capacity across the rectifier is reduced by 
half;, therefore, the capacity of each of the condensers so eonnec- 

Figy.se Method of con-. 
necting equalizing resist- 
ors across the electrolyt- 
ic condensers when they 
are connected in series. 

ted must be twice that ordinarily used. In addition, equalizing 
resistors must be connected across each Condenser. The necessity 
for using equalizing resistors was discussed in Lesson 11, at which 
time it was learned that the value of the resistor shouldbe some- 
what smaller than the leakage resistance of the condenser. Electro- 
lytic condensers have leakage resistances of 101,000 ohms on the 
average and equalizing resistors of 25,000 ohms are about the cor- 
mot value to be used. 

t- 

9. VOLTAGE DIPIDERS.. The voltage divider consists of. a tapped 
resistor or several untapped resistorscomnected in series. It is 
connected across the output of the filter system. The output volt- 
age of the power supply will probably be lathe neighborhood of 300 
volts. The plate of the power tube of the receiver will probably 
require this much voltage; however, plate voltages for the remain-. 
ing tubes are, ordinarily, considerably.less. Current from the 
filter flows through the voltage divider, producing a voltage drop 
across it of about 300 volts. By tapping the voltage divider at 
various points along its length, lower voltages can be obtained for 
the plates of the various tubes -of the receiver. Fig. 49 shows a 
complete power supply including the voltage divider. The total 

--- --- a+ ,00v. 
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Fi..49 A'ccomplste full -wave rectifier circuit showing the -volt- 
age divider and'its taws. - 

output.voltage of this power supply is 300 volts. The voltage di- 
rider is in three sections,: A,,B, C. The A section reduces the 
íoltage from 300 wits to 180 volts. 'Likewise, the'B section re- 

- duces the voltage from 180 volts to 90 volts. All of these volt - 
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ages are, of course, considered with respect to B minus, which is 

grounded to the chassis in most cases. By grounding B minus (B-), 

considerable wiring is eliminated; all of the cathodes or center 
taps of the filaments of the set are connected to the chassis in- 

stead of using wire to return them to B minus. 

It is necessary to connect a condenser between each tap of the 
voltage divider and B minus, or ground. These condensers serve to 
keep the variations in the plate currents from flowing through the 
voltage divider where they would produce varying voltage drops and 
thus result in varying plate voltages being applied to the plates 
of the tubes. 

Since the voltage divider is connected directly across the out- 
put of the power supply, there will be some current flowing through 
it at all times, irrespective of the plate currents. This current 
is known as the "bleeder current". 

Voltage dividers are usually designed for operation with a par- 
ticular set. In that case, the taps on the voltage divider are 
fixed. It is possible, however, to purchase voltage dividers which 
have sliding taps. By loosening a set screw, a tap may be moved 

back and forth to either raise or lower the voltage between that 
tap and B minus. Two types of voltage dividers are illustrated in 

Fig. 50. 

}} \t11 1 `11 lll1. .;1;. 

Fig.50 Illustrations of voltage dividers. 

10. VOLTAGE REGULATION OF A POWER SUPPLY. By the phrase, 
"voltage regulation", is meant the ability of a power source to 

maintain a constant voltage at its output when various values of 
current are drawn from it. If apower source is not furnishing any 
current, it is said to be working at no load and the voltage pro- 
duced across its output terminals is called its no-load voltage. 
On the other hand, if the power source is furnishing the maximum 
current which may be safely drawn from it without damage, it is 

working at full load. As current is drawn from the power supply, 
it must flow through the plate resistance of the rectifier tube and 
through the resistances of the chokes. In so doing, it produces a 
voltage drop across these three units. The voltage available at 
the output terminals of the power supply is, therefore, not as great 
as the no-load voltage. .Obviously, the more current drawn from the 
power supply, the greater will be the voltage drop which occurs 
across the chokes and the plate resistance of the tube and the lower 
will be the voltage at the output terminals. Voltage regulation is 

ordinarily expressed as a percentage and is calculated by the fol- 
lowing formula: 

Percent Voltage Regulation = 100 XNo Load Voltage -Full Load Voltage 
No Load Voltage 
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For example, suppose that. the no load voltage of a power supply is 
300 volts and the full load 'voltage is 285 volts. This means that 
when the maximum current:is being drawn from the power supply, 15 
volts are lest in the internal resistance of the power source. Us- 
ing these figures,to calculate .the 'voltage regulation,' we have: 

Percent Voltage Regulation- = 100 x 00 - 28 

5% 

It can be seen that a power'supply which produces the same 
voltage at full load as it does at no load would have a voltage 
regulation of 0%. The smaller the percentafe of uoltafe regulation, 
the greater lb the ability of the power supply to maintain a con- 
stant voltage at its output.when full current is,drown.frog It. 

'It is for this reason that a bleeder current is drawn from 
the power supply. By placing a continuous load on the power supply, 
its voltage regulating ability is increased. The bleeder current 
in flowing through the plate resistance and the .resistances of the 
chokes, produces a steady voltage drop across them; therefore, the 
output voltage is practically steady. Now, when a slight. increase 
in current is demanded from the power supply, due to an increase in 
the plate currents of the tubes, this additional current, if it 
does have to flow through the rectifier tube and chokes, will produce 
only a small percentage change in voltage drop. If no bleeder cur- 
rent were allowed to flow, the output voltage of the power supply 
under no load might be as high as 500 volts. This would be liable 
to break down the filter condensers. The greater the value of bleed-.. 
er current used, the better will be the voltage regulation of"the 
power supply. The disadvantage of a 'large bleeder current is that 
it canses a fairly large current to flow through the chokes. These 
choke coils have iron cores and as learned in a previous lesson, 
when a direct current flows through a choke coil, it tends to sat- 
urate the iron core with magnetism. This causes the permeability 
of'the core to decrease end in direct'consequence thereof, the'In- 
ductance of the choke coil. If the decrease of inductance is ap- 
preciable, the filtering actionis less efficient. Care must be 
taken to ;eke certain that the current drawn through the chokes is 
not great enough to saturate their cores. The average value of 
bleeder current used in most power supplies for receivers is from 
10 to. 20 ma: Voltage regulation in excess of 5% is liable to cause 
erratic operation of the receiver. If the power supply does not 
have a voltage regulation as good as this, it is necessary to use 
I very large capacity condenser across the voltage divider in order 
that variations in the current demanded by the tubes can be supplied 
by the partial discharge of this condenser and will hot have to be 
drawn -from the rectifier itself. 

11. VOLTAGE DOUBLER. It is possible to construct a rectifier 
circuit in which the'eutput voltage is equal to approximately twice 
the peak value of the AC voltage applied to the rectifier tube. 
Such a circuit is known as a voltage'doubler. It was designed to 
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be used in small portable receivers:since it eliminates the power 

transformer. Although two half -wave rectifier tubes say be used in. 

this circuit, a special full -wave tube called the 25Z5 is ordinar- 

ily employed for this purpose. This tube consists of two plates, 

two cathodes and a common heater. The heater requires .25 volts for 

its proper operation and is connected in series. with the heaters 

of all the other tubes in' thereceiver. A line -dropping resistor 

is then employed to reduce the 110 volts AC to the voltage neces- 

sary for the series connected heaters. This line resistor is usu- 

ally built into the AC supply cord. For this reason, the cord will 

become slightly warm during the operation of the set. This cord 

should never be shortened as this would reduce the value of the line - 

dropping resistor. 
Let us say that we have a receiver which uses four tubes. in 

addition to the rectifier tube and that each of these four tubes 

requires six volts for its heater. Since the four heaters are con- 

nected in series, the total voltage across the, four of them should 

be 24 volts. The heater of the rectifier is then connected in ser- 

ies with these heaters and the voltage across it should be 25 volts. 

Therefore, the total voltage drop across all of the heaters is 25 

plus 24, or 49 volts.' The line voltage dropping resistor must, 

therefore, produce a voltage drop across itself of 110 less 49 volts 

or 61 volts. Fig. 51 illustrates the connection of the various 

heaters. of the tubes and the voltage produced across each. Only 

25Z5 

Dropping Resistor 

110V 
AC Y9V 

6V - 6V 6V . 6V 

fig,S1 Method of connecting the filament of a voltage doubling 
tube in series with the filaments of the other tubes. 

those tubes which draw the same heater current may be .connected in 
series in this manner. The 2525 requires..3 ampere heater current 
and, therefore, may be used with many of the present-day.6-volt 
tubes which draw this same current. 

Fig. 52 illustrates the circuit used for voltage doubling. In 

order to simplify the diagram,.the connections to the heater have 
been omitted. However, we are to assuíie that the heater is con- 
nected in the circuit and is heating the cathodes. to á temperature 
sufficient to cause the emission of electrons frol their surfaces. 
The rectifier is shown connected to, AC generator. This genera- 
tor, of course, merely represents the 110 -volt AC lighting supply. 
It is included in the diagram to help clarify the explanation. Let 
us first consider the instant when point A is negative with,respect 
to point E. (See Fig: 53.)' Current will then. flow from point, A, 
the negative terminal of the alternator, to point B, the.right-hand_ 
cathode of the tube. Since the'right-hand cathode is connected to: 
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Fig.'S2 

1 

A voltage doubler circuit. 

thenegative terminal of the alternator; it is negative with respect 
,to its plate and, therefore, this part_of'the tube.conducts current. 
The current flowing.'throngh'the right-haad.cathode and plate of the 
rectifier tube now charges condenser CI. Current flows from point 
C to the top plate of C Current flows away from the bottom plate 
of C.1 from point D backlto point E, the positive terminal of theal-. 

Fig.53 'Oirectiorc.of 
current flow when the 
right-hand plate and ' 

cathode conduct. 

ternator. Thus the condenser C charges to almost the peak valúe 
of the alternating voltage with its top plate negative and ite bot- 

. tom plate positive. This is true since the plate resistance of the 
rectifier tube isvery low. During this alternation, no current can 
flow between the left-hand plate and its cathode since this plate 
is negative with respect to its cathode. After the peak value of 
the alternating voltagehaa been reached, it starts to decrease to 
zero. The condenser C1 now begins'to discharge through'the filter 
choke, the load and C2. However, since the impedance of this path 
is very high compared to the plate resistance of the tube, the time 
required for the condenser to discharge is very great incomparison 
with the time required to charge it. It, therefore, discharges at 
.a very low rate. 

During the next alternation, point A of the alternator is posi- 
tive with respect to point E. (See Fig. 54.) This makes point H, 

the left-hand plate of the tube, positive with respect to its cath- 
ode. Therefore, current will flow from point E to point D. Eleo- 
trons will flow on to the top plate of condenser C2 and an equal 
.number will be: driven off the bottom plate of this condenser to 
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P 
flow around to point G, the -left-hand cathode. From point G; cur- 
rent will flow to the left-hand plate of the tube and back to point ' - 

A, the positive terminal of the alternator. During this time, no - :r 

current flows through the right-hand cathode and plate of this tube 
since the right-hand cathode is positive with respect to its plate. 
Condenser C2 charges to the peak voltage of the applied AC with its' 

.t 

- 
i 

fig.511 Direction of 
current flow when the 
left-hand plate and 
cathode conduct. 

r 

top plate negative and its bottom plate positive: During the time 
that C2 is charging, C1 has discharged only slightly. 'Therefore, 
we can assume that the voltage across condenser C1 is about 150 
volts or nearly the peak voltage of the applied AC. Likewise, the 
voltage across condenser C is also 150 volts. Since their polari- 
ties are such as to add, tis means that the total voltage between 
the top plate of C1 -and the bottom plate of C is approximately 300 
volts. This 300 volts causes current to flow through the reminder 
of the filter and the load. These two condensers are charged al- 
ternately, but are discharged in series; therefore, the output volt- 
age is doubled. The onlycurrent available for the load circuit is 
that provided by -the discharge of these two condensers. For this 
reason, they must have sufficient capacity to furnish the necessary 
load current without reducing the voltage across themselves appre- 
ciably between the times that they are charged. Condensers'C1 and 
C, should have a capacity of 32 mfd. each. Obviously, the greater 
the load current, .the more the condensers will discharge and the 
less will be the average voltage across the two of them in series. 

fig.55 -A complete voltage doubfer'circult-with filaments wired 
in and voltage divider attached. 

n, 

_ 
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A lower average voltage across the condensers causes the voltage 
drop across the load to be reduced. This type of circuit, there- 
fore, bas relatively poor voltage regulation. For exact character- 
istics, refer to the type 25Z5 tube in the manufacturer's manual. 

Fig. 53 slows the direction of current flow when condenser C 
is being charged and Fig. 54 shows the direction of current flow 
when the bottom condenser C2 is charging. Fig. 55 illustrates a 
complete voltage doubler circuit showinº the connections of the 
filament, the built-in line -voltage dropping resistor and the com- 
plete filter system. 
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HARD RIDIN' 
STRAIGHT SHOOTIN'. 

STICK TO THE SADDLE HOLD YOUR AIM! 

In the days when the West was the 'tough' proving 
ground for man's mettle, you had to be a hard ridin', 
straight shootin' 'hombre' to live from one day to the 
next. Perhaps you wonder what this has to do with your 
training. Not a thing, except that it would be well 
for you to ap)ly the same general principles to the pi- 
oneering of your success. 

In testing the mettle of a man, it is not necessary 
to have a background of whooping Indians, yelping wolves 
or 'two -gun' bad men. Life itself is a battle every 
day that dawns brings fresh problems which can be over- 
come only by determination, ambition and the will to 
win. The cowboy of old stuck to his saddle as though 
he were glued on, even when the riding became toughest. 
He didn't give up and say 'What's the use'. When he 
was thrown by a horse, he came back for more, and more, 
until HE was the winner. Apply that same determination to your training. When you bump up against some tough 
going, stay in the fight, and FIGHT. If you can't get 
it the first time, STICK TO IT UNTIL YOU DO! KEEP COM- 
ING BACK FOR MORE AND YOU'LL BE THE WINNER! 

Naturally, we don't expect you to pull a couple of 
'six shooters' and start banging away. But wedo advise 
you to take careful aim at your objective in life and 
to keep your sights trained on that objective always. 
When a frontiersman aimed his gun at the enemy, he held 
his aim even while other guns were banging away on all 
sides. You have set your sights on success ín Radio 
and Television. You are aiming right at the center of 
the 'bullseye' a good job, a respectable income, a 
future. SEE THAT YOU KEEP YOUR SIGHTS ON THAT 'BULLS - 
EYE' EVEN THOUGH A LOT OF OTHER TARGETS PRESENT THEM- 
SELVES. You will never be a success if you aim at first 
one thing and then another. 

STICK TO THE SADDLE LIKE A VETERAN COWPUNCHER 
SET YOUR SIGHTS ON SUCCESS THEN HOLD IT THERE AND 
'BANG AWAY' WITH ALL THE PENT UP ENERGY AND AMBITION 
THAT'S IN YOU. AND REMEMBER THAT WE ARE HERE TO HELP 
YOU WIN YOUR BATTLE OF LIFE WE WANT YOU TO BE A 
SUCCESS IN RADIO! 

Copyright 1942 
By 

Midland Radio d Television 
Schools, Inc. 

PRINTED IN U.S.A. 
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Lesson Seventeen 

DESIGN of 
METERS for 
RADIO USE 

"Without the use of Meters, 

it would be impossible for us to 

ascertainhow our equipment was work- 

ing and to quickly locate the trouble when it occurred. Since in 

the practical application of Radio and Television you are going to 

use Meters to a very large extent, it is absolutely essential that 

you have a thorough understanding of their construction and opera- 

tion. 

"The devices used for the indication of electrical quantities 

were very crude and inaccurate during the early stages ofelectric- 
al development. However, today, measuring instruments have been 

perfected to a high degree and each of these instruments represents 

an interesting study." 

The need of instruments for measuring voltage and current was 

recognized by the early scientists whose experiments have made'pos- 

sible this modern age of electricity. Observed phenomena do not 

become a science until their effects can be accurately measured and 

their future actions under other conditions thereby predicted. Un- 

like other commodities, electricity cannot be seen, heard, tasted, 

or smelled; and while it may, if of sufficient strength, be felt, 

this is by no means an accurate or a desirable method of determin- 

ing its intensity. In order that electricity may be measured, some 

of its effects must be converted into actions which influence the 

human eye. 
The three principal manifestations of an electric current are 

its chemical, heating, and magnetic effects. Theoretically, any 

one of these could be used to measure an electric current. For 

example, it would be possible to measure the volume of hydrogen gas 

liberated by the passage of an electric current through a quantity 

of water. Since each gram of hydrogen liberated requires the pas- 

sage of adefinite number cf coulombs, the intensity of the current 

flowing could be determined by noting the time required to collect 

a definite amount of this gas. Even though it were possible to 

accurately measure the weight of the gas collected and the time re - 
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quired for its liberation, this method would be far from satisfac- 
tory. The equipment needed would not be portable and the time re- 
quired to make a measurement would be prohibitive for practical 
purposes. Devices of this kind have been used in the past; they 
are called "coulombmeters" since they measure the quantity of 
electricity, rather than its rate of flow. Due to their inherent 
disadvantages, they have no practical application. 

The second observable effect of an electric current is the 
fact that its passage through a circuit is accompanied by the gen- 
eration of heat. This property is made use of in the construction 
of hot-wire meters and thermocouple meters. They will be studied 
in detail in subsequent paragraphs of this lesson. The fact that 
the information obtained by this method is sometimes vitiated by 
extraneous influences accounts for its limited use, except for the 
measurements of very high -frequency currents where the other two 
effects cannot be employed. 

The majority of all electrical measuring instruments utilize 
the magnetic effect for their operation. 

1. THE TANGENT' GALVANOMETER. The constituent parts of a 
tangent galvanometer comprise a large -diameter coil of wire mounted 
in a vertical plane with a small compass needle fixed in a horizon- 
tal position at its center. When not in use, the compass needle 
is attracted by the earth's magnetic field and therefore places 
itself in a north and south direction. If the plane of the coil 
is set in a north -south direction, the magnetic field produced 
by a current flowing through it is at right angles to the field of 
the earth. The compass needle will, therefore, experience two 
forces; one, the earth's magnetic field which attempts to make the 
north pole of the compass point north; the other, the field produced 
by the current flowing through the coil which is attempting to 
move the compass needle to an east -west direction. The resultant 
of these two magnetic forces depends upon their relative strength. 
If, for example, the field of the coil is directed toward the east 
and is equal to the field of the earth, the compass needle will 
come to rest in a northeast position. A smaller current will pro- 
duce a weaker magnetic field about the coil and the compass needle 
will point in a more northerly direction, somewhere between north 
and northeast. Likewise, a greater current will produce a magnetic 
field about the coil stronger than that of the earth and the com- 
pass needle will place itself in a direction somewhere between 
northeast and east. The scale beneath the compass needle is usually 
calibrated directly in amperes and, in order to use the instrument, 
the coil must first be rotated until the compass needle is on zero' 
of the scale. Since the amount of deflection is not directly pro- 
portional to the value of current flowing through the coil, the 
scale is not divided into equal units. 

While the tangent galvanometer is relatively simple, it suffers 
many disadvantages. As can be seen from the illustration in Fig. 

The instrument derives its narre from the matnenetica1 relation between the amount of deflection and the value of the current. The tangent of the angle of de- flection Is directly proportional to the current. 

2 



1, it is not easily portable. Before a reading may be taken, it 
must be carefully leveled by means of the three leveling screws in 
its base. It is easily affected by external magnetic fields which 
cause its readings to be inaccurate. The time required to take a 
reading is rather long, due to the fact that the coil must first 
be placed in a north -south direction and several seconds are re- 

Fig.1 A tangent galvanometer 

quired for the compass needle to settle dow to its final position. 
Finally, its accuracy is dependent upo the strength of the earth's 
magnetic field, which is slightly different at various points on 
the earth's surface and which changes its value at any one spot 
from time to time, especially during magnetic storms, etc. For 
these reasons, the instrument is obsolete, having been superceded 
in every instance by the Weston type meter. 

2. DC AMMETERS. Recognizing the many disadvantages of the 
tangent galvanometer, scientists made every effort to produce a 
more accurate and convenient current -measuring instrument. Perhaps 
the most sensational improvement was due to D'Arsonval. His instru- 
ment, which is called a D'Arsonval galvanometer, is still used in 
scientific laboratories for the measurement of minute currents. 

Realizing that the magnetic field of the earth is subject to 
considerable variation, he did not use it in his galvanometer. 
From the illustration shown in Fig. 2, the principal parts of the 
D'Arsonval galvanometer may be seen. It consists of a permanent 
magnet, in the form of a horseshoe, between the poles of which a 
small, light coil of wire is suspended by a very thin, flat and 
narrow ribbon of phosphor bronze. The normal plane of the coil 
coincides with that of the magnet. Whe a current is passed 
through the coil, a magnetic field is set up about it which inter- 
acts with the field of the permanent magnet, rotating the coil in 
an attempt to bring its north pole opposite the south pole of the 
permanent magnet and vice versa. The coil rotates until the re- 
storing force produced by the twisted phosphor -bronze ribbon is 
equal to the magnetic force rotating the coil. The larger the 
current that is passed through the coil, the greater will be the 
amount of rotation. Affixed to the phosphor -bronze ribbon, above 
the coil, is a small, circular mirror. A beam of light is reflected 
from this mirror onto a semi -circular scale, graduated in millimeters. 
By noting the position of the light spot on this scale, the amount 
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Fig.2 Construction of 
D'Arsonval galvanometer. 

of rotation and, in direct consequence thereof, the value of the 
current flowing through the coil may be measured. Since the 
D'Arsonval galvanometer is only a transitional stage in the.develop- 
ment of the modern meter, it will not be given further considera- 
tion. 

Meters in use today have what is known as the "Weston move- 
ment". It is an improved fora of the. D'Arsonval inter and was de- 
veloped by Dr. Weston 'in his series of experiments whioh began 
about 1885. The Weston meter is not, like some 'inventions, the 
result of a fortuitous discovery. It is the oútcome of several 
years of extensive experimentation which finally culminated in -the 
present-day meter. 

A comprehensive idea of the construction of a Triplett meter 
and a Weston meter may be gained from an inspection of Figs. ; and 
4. The various parts include a permanent magnet made of a magnetic 
alloy, capable of retaining its magnetism. without any weakening 
throughout a period of many years.. Attached to the poles of the 
magnet are soft iron pole pieces having circular, concave faces of 
such a size as to completely encompass the moving coil. Within the 
space between these pole pieces, there is,placed a cylindrical, 
soft iron core which leaves an air gap between the pole pieces and 
the core of ..05 inch in width. It is this annular air gap through. 
which the. moving coil travels. The lines of force surrounding the 
permanent magnet with the pole pieces and core ate shown in Fig. 5: 
Notice that the addition of the pole pieces and core has served to 
produoe-,an intense magnetic field -within this'air gap. 
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fip.3 An exploded view of a Triplett DC meter. 

In the smaller' instruments=, the movable system weighs less 
than :007 Ounce.. The coil is made of several turns of very fine 
wire, wound upon an aluminum, frame. Its construction may be seen 
in Fig. 6. On its upper and lower surfaces are hardened steel 
pivots which rest in jeweled bearings.1These pivots and bearings 
are so placed that the coil may rotate in the air gap between the. 
permanent magnet and the core. Current is carried to and from the 
coil by means. of two light, spiral hairsprings mounted on either 
end of the coil. They are for the purpose of returning the needle 
to zero; they exert a restoring force upon the needle which is pro- 
portional to the amount of deflection. Since they are wound in 
opposite directions, any temperature change which would increase 
or decrease their length is compensated for by the fact that one 

pg.! ,The DC Heston movement. 

-T Courtesy Heston -Instruments 
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Fig.5 Magnetic lines of force in circular air gap of Weston movement. (Courtesy Weston Instruments) 

exerts the restoring force by pulling the coil and the other by 
pushing it. A long, hollow aluminum pointer is fixed to the upper 
surface of the coil. Its end moves over agraduated scale by means 
of which the value of current flowing through the coil may be read. 
Sometimes a counter weight is attached on the opposite end of the 
pointer, if it is needed to balance the moving assembly. 

When a current is passed through the coil in the proper direc- 
tion, a magnetic field is set up about the coil which makes one 
face of it north and the other south. The north pole of the per- 
manent magnet repels the north pole of the coil and vice versa. 
The coil, therefore, rotates from its normal position until the re- 
storing force of the spiral hairsprings is equal to the forces of 
magnetic attraction and repulsion which are producing the rotation. 
The coil finally comes to rest in such a position that the amount 
of deflection produced is proportional to the value of the current 
flowing through the coil. The more sensitive of these instruments 
such as used in Radio and Television work require only 1 ma. (some- 
times less) through the coil to produce full-scale deflection. 
To compensate for any changes which might be produced in the spiral 
hairsprings, a screwhead protrudes through the glass cover of the 
meter by which the zero position of the pointer may be adjusted. 
In order to produce the maximum sensitivity possible, the permanent 
magnet must have a very strong magnetic field and the moving coil 
assembly must be made very, very light. Friction must be minimized 
whenever possible and the air gaps made exceedingly small. 

When the moving coil rotates, the aluminum frame upon which 
it is wound cuts through the magnetic lines of force in the airgap. 
This induces a voltage in the frame which causes current to circu- 
late through it. The current flowing in the aluminum frame is 
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known as an "eddy current" and the magnetic field which it produces 
tends to prevent the rotation of the coil.' This causes the needle 
to come to rest quickly and a reading of the meter can he immediately 
taken. This effect is known as "damping". If it were not present, 
the needle would overshoot its mark and oscillate back and forth, 
requiring several seconds to come to rest. Since these eddy cur- 
rents flow only while the coi.lisin motion, they do not change the 
amount of deflection that a given current will produce, but only 
cause the pointer to settle down more quickly. 

Instruments such as just described may be used as very sensi- 
tive milliammeters by connecting them in series with the load through 
which the current is flowing. As will be explained later in this 
lesson, when larger currents are to be measured, shunts must be 

used. 

11 

Courtesy 
'Weston Instruments' 

Fi9.6 The moving coil 
and Its associated parts 
of a large meter. 

3. DC VOLTMETERS. A DC voltmeter is of exactly the same con- 
struction as the DC milliammeter previously described. If a volt- 
meter having a maximum range of 100 volts is to be constructed, a 

DC milliammeter which requires 1 ma. to produce full-scale deflec- 
tion may be used by connecting a large multiplier resistance in 

series with the meter. When the meter and resistor are connected 
between two points across which there is a voltage difference, the 

amount of current flowing through the meter is directly proportional 
to the voltage between these two points. The scale of the meter, 
therefore, can be calibrated directly in volts. If a voltage of 

100 volts is to send a current of 1 ma. through the meter and 
multiplier resistance, their combined resistance as found by Ohm's 
Law is 100,000 ohms. A very small part of this resistance is that 
of the moving coil of the meter. Most of it is contained in the 

multiplier resistance. If the meter is to be accurate, the value 
of the multiplier resistance must be very exact. Ordinary carbon 

1 Circulating eddy currents set up a magnetic field in accordance with Lenz's 
Law. Refer to Section a, Lesson 10. 
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or wire -wound resistors are not suitable-, A precision type of re- 
sistor whose tolerance is .5% of its rated.value must be used. . 

The sensitivity of a voltmetér.is expressed as so many "ohms 
per volt". This expression is obtained by dividing the value of 
the multiplier resistance -in ohms by the full-scale,reading of the 
voltmeter iu volts.- In the -example just given, this is: 

100,000 4;100 =, 1,000 ohms ,per volt 

Voltmeters to beused-.in Radioand-Televi'sion experiments must have 
a sensitivity at least this great. Voltmeters used in power dis- 
tribution work have lower sensitivities; the average is 300 or 400 
ohms per volt. One of the newest meters on the market which is 
extraordinarily sensitive has a rating of 20,000 óhms per volt. 
This meter requires only .05 ma. or 50 microamperes to produce full- 
scale deflection. - 

Fig.t' A milliammeter connected in 
e circuit. All of the current flows 
through the meter. 

FTg.e A shunt connected across a 
meter. Only. a part of the total cur- 
rent flows through the meter. . 

4.IIICTENDINGTHERANGEOFDCMILIIAMMETERS. 'If a milliammeter, 
which requires only 1 ma. for full-scale deflection, is to be used 
to measure a maximum current of 10 ma., a shunt must be used to 
divert the greater part of the durrent from the meter. - 

Fig. 7 shows. a milliamméter connected in a circuit without 'a 
shunt. The maximum current that can flow through this circuit with- 
out endangering the meter is 1 ma. Fig. 8 shows a meter across 
whose terminals there is qonnected a low -valued resistor or shunt. 
When 10 ma. are, flowing through the circuit, 1 ma. flows through 
the meter and 9 ma. flow through the shunt resistor. Since the 
current flowing through the shunt is 9 times as large as that flow- 
ing through the meter, the shunt resistance must be'} that of. the 
meter. If the resistance _of the meter is.27 ohms, the shunt, suit 
have a value of 3 ohms. 

The word "shunt" means to turn aside, or sidetrack; and by 
the use of one, the majority of the line current is sidetracked 
around the meter. ,Although the total current does not flow through 
the meter, a definite proportion of it does, and the meter is cal 1 
brated to read the total current, flowing. Sometimes shunts are oats' ' 
struoted of "manganin". It is an alloy whose resistance changes vary 
little. with, variations of temperature. A shunt is not constructedtr.s 
of, one solid pieóe of this material, ,but, rather, is made of several 

N 
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parallel strips between which air spaces are left. This method of 
construction greatly increases heat, radiation end reduces the tem- 
perature effect upon the resistance of the shunt.. All milliammetrrs 
and low -range ammeters hwve self-contained shunts; that is, the 
shunt is placed within the case of the meter. High -range ammeters 
require shunts of such a size that it is neither convenient nor 
desirable to place them within the meter cases. The appearance of 
various shunts is illustrated in Fig. 9. The current -carrying 
capacity of the smallest shown in the figure is 200 amperes, while 
that of the largest is 6.000 amperes. 

Fig.9 Various sizes of shunts. 

Courtesy 'Weston Instruments` 

capacity of the smallest shown in the figure is 200 amperes, while 
that of the largest. is 6,000 amperes. 

The size of the shunt to be used to extend the range of any 
milliammeter to a larger value may he calculated as follows: Let 
RM equal the resistance of the meter; R5 the required resistance 
of the shunt; IM the present maximum scale reading in milliamperes 
or amperes; and I the new maximum scale reading in milliamperes or 
amperes. Then, Rs may be found by this formula: 

Rs = II RI 
I - [M 

Let us now demonstrate an application of this formula. 

Example 1: An 0 - 1 ma. meter has a resistance of 10 ohms. 
If it is desired to convert this meter into an 0 - 50 ma. meter, 
what is the resistance of the shunt which must he connected across 
the meter terminals? 

Solution: In this case, RM is 10 ohms; IM is 1 ma.; I is 50 
ma. By substituting in the formula, we obtain: 

Rs = 
1 x 30 _ ` 0 = .612 ohm 
0 - 1 

When a shunt of this value is placed across the meter and the meter 
is connected in series with aload carrying 50 ma., 1 ma. will flow 
through the moving coil of the meter and the remaining 19 ma. will 
flow through the shunt.. The meter will he calibrated from 0 to 50 
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ma. In case the dial of the meter is not graduated from 0 to 50 
ma., we must remember to multiply any reading obtained with this 
meter by 50. (This number is called the multiplying factor and 
is found by dividing the new maximum reading by the original maxi- 
mum reading.) 

Example 2: An 0 - 20 ma. meter is to have its range extended 
to read a maximum value of 200 ma. What value of shunt resistor 
must he placed across the meter? 

Solution: Since this meter has a present full-scale reading 
of 50 ma., it very likely employs a shunt. Therefore, we will de- 
termine the resistance of an additional shunt which must be con- 
nected across the meter to extend the range to 200 ma. We shall 
assume that the resistance of the meter and its present shunt is 
2 ohms. Therefore, RM is 2 ohms; IM is 50 ma.; I is 200 ma. Sub- 
stituting these values, we have: 

Rs = 50x2 
200 - 50 

= 191 .667 ohm 

When a shunt of this size is connected across the meter, all its 
scale readings are multiplied by 4, since its new maximum value 
(200) is four times its previous maximum value (50 ma.). 

If the resistance of the meter is not known, it can always 
be obtained from its manufacturer, or the following method for 
determining the size of the shunt resistor may be used. To con- 
vert a 5 ma. meter into a 25 ma. meter, a circuit such as shown 
in Fig. 10 is used. The meter and a variable resistance are con - 

Rheostat 

Switch 

MOE 

rig.to Circuit used to 
Shunt determine the value of a 
wire shunt when the resistance 

of the meter is not known. 

nected in series with a battery. Across the meter, there is con- 
nected the shunt and a switch in series. With the switch opened, 
the variable resistance is changed until the meter reads exactly 
5 ma., or full-scale deflection. For small meters, the shunt is 
often made of manganin wire, having a definite resistance per inch. 
The switch is now closed and various lengths of this manganin wire 
are shunted across the meter until its reading is exactly 1 ma. 
Since it now reads 1 ma., its deflection is -.-of that previously 
obtained; that is, when 5 ma. flow from the battery, the meter reads 
1 ma. Therefore, when 25 ma. flow from the battery, the reading 
of the meter will be full scale. This means the scale readings of 
the meter have been multiplied by 5 and when the meter indicates 
full-scale deflection or 5 ma., there is actually 25 ma. flowing 
through the circuit, the greater part of which is passing through 
the shunt. When the correct length of shunting wire has been found, 
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it is carefully cut and this length of wire is then connected across 
the meter. 

The terminals of nearly all meters are bolts 'which extend from 
the back of the case and the shunt wire may be bolted to these two 
terminals. It must not, however, be wrapped around the terminals, 
as its effective length will then be too short. Either the tip 
of each end of the shunt wire should be bolted to the meter, or the 
shunt wire should be cut slightly longer than the desired value and 
the extra length wrapped around the bolt. If the shunt wire is 
very long, it may be coiled between the terminals. If it is too 
short to reach between the meter terminals, wire of very low re- 
sistance should be used to extend its length. If this connecting 
wire has appreciable resistance, the shunt will be too great in 
value. 

Fig. 11 a DC voltmeter and a CC milliammeter 

The foregoing method nay be used to extend the range of any 
direct current milliammeter or ammeter. The wattage rating of the 
shunt must be great enough to insure "cool" operation; otherwise, 
its resistance may change if the temperature is raised appreciably. 

The general appearance of a DC meter may be seen in Fig. 11. 
Notice that one of the instruments contains a small mirror directly 
beneath the scale. When reading a meter of this type, the observer 
should stand directly over the meter so that the needle completely 
covers its image in the mirror. Thus, inaccuracies due to parallax 
are avoided. A parallax error is caused by reading the meter from 
one side or the other. When reading meters which do not have this 
mirror, the observer should keep his eye directly over the needle. 

5. EXTENDING THE RANGES OF DC VOLTMETERS. To extend the range 
of a DC voltmeter, it is only necessary to insert an additional 
multiplier resistance in series with the meter. If it is desired 
to make a voltmeter whose maximum reading is 10 volts front a meter 
which requires 1 ma. for full-scale deflection, enough resistance 
must be inserted in series with the meter to limit the current 
through it to 1 ma. when a voltage of 10 volts is applied across 
the meter and multiplier resistance. This necessary multiplier 
resistance can easily be determined by using Ohm's Law. 
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OÓ1 = 
10,000 ohms 

This 10,000 -ohm resistor must have a very low temperature coef- 
ficient or resistance'. Nor extreme accuracy, the resistance of 
the meter must he taken into account, although ordinarily the meter 
resistance is so small compared to that of the multiplier that it 
is neglected. 
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Courtesy weston instruments' 

Fig.12 A large external voltmeter multiplier resistor. 

To convert this 10 -volt voltmeter into an instrument with a 
maximum range of 100 volts, the following formula may be used: 

Rs = (RNXE)-(RNxIII 
EN 

Rs is the additional series resistance to be added; 
Rw is the present multiplier resistance plus the resistance 

Where: of the meter; 
EN is the present maximum scale reading in volts; 
E is the new desired maximum scale reading in volts. 

In this case, RN is 10,000 ohms, EN is 10 volts, and E is 100 volts. 
Substituting in this formula, we obtain: 

Rs = (10,000 x 100) - (10,000 x 10) 900,000 = 90,000 ohms. 
10 10 

This is the value of the series resistance which must be added to 
increase the range of the voltmeter to 100 volts. 

Fig.13 A small multiplier resistor 
which fits inside the meter case. 

Some multiplier resistors are contained within the meter cases, 
but many are not, since they are made large enough to radiate con- 
siderable heat and thus minimize temperature effects. Fig. 12 il- 
lustrates a large multiplier resistor, and Fig. 1`1 a small one. 

I Refer to page 20, Lesson 3, Unit 1. 
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Á. 
As previously stated, the sensitivity of' a' voltmeter to -be 

used for Radio and Television pork rust be at least 1,000 ohms per 

volt. The greater the sensitivity of a voltmeter, the less cur- 

rent it requires to give a reading. since a voltmeter draws sole 

current from the citit across which it is connected, it may be 

that this additional current taken by the voltmeter is sufficient 

to Change the circuit conditions and the actual voltage read by the 

voltmeter may not le the true value. An example will make this 

r_ 

Flg.ir A vacuum tube with its 

megoha neeleterl.ietl 
through a 1 

clear. Fig. 14 shOWs a cirónit:of-s vacuum tube in -which the grid 

bias of 45 volts is applied through a 1,000,000 -ohm resistor. Since - 

the grid is negative with respect to its cathode,. no grid current 

will flow. The actual voltage existing between the grid and the - 

cathode is, of course, 45 volts,, the voltage of the C battery. Now, 

if a voltmeter whose maximum range is 50 voltsisoonneoted between 

the grid and the cathode in an attempt to measure the grid bias sá 

_ 
' 

rig is using ¡ voltmeter 
anatteept to measure the grid -' g 
bias. 

shown in -Fig.- 15,' the voltmeter _will draw current from the battery. 

This current will flow from the negative aide of the battery, through 

the 1,000,000 -ohm resistor to. the negative terminal of the volt- 

aeter, through the -voltmeter and its. multiplier resistor back to 
the positive terminal of the battery. If the voltmeter has a sen- 

sitivity of 1,00 ohms per volt, its multiplier resistance is 50,000 
ohms. The total resistance In series with the 45 -volt battery is 

1,000,000 50,000 #.1,050,000 ohms. The'Mount of current that 

will flow in this circuit may be: found by Ohm's Law: 

4 `-i, I l.050,00Ó 
42.9 miorbsmpere$ } 

' 

This amount of current, in flowing through the voltmeter end'ite 

multiplier resistance; will produce a voltage drop. of: , . 

". ` ,:1.! 



E = I x R = .00004'9 x 50,000 = 2.15 volts 

Therefore, the voltmeter will read 2.15 volts, while the actual 
voltage between the grid and the cathode, when the voltmeter is 
disconnected, is 45 volts. The voltmeter has drawn enough current 
from the battery to produce a very large change in the circuit con- 
ditions. It is often impossible to measure the grid bias of a vacu- 
um tube for this very reason. When such is the case, the voltmeter 
should be connected directly across the C battery and, if the volt- 
age reading obtained is normal, it can be assumed that the grid 
bias is at its correct value. 

The greater the sensitivity of the voltmeter, the more nearly 
accurate will be the reading obtained. However, since any vol tmeter 
must draw some current in order to produce a reading, any reading 
so secured will be slightly less than the true value. Unless the 
resistance of the voltmeter and its multiplier resistor is large 
compared to the resistance across which the voltage is being measured, 
the accuracy of the reading obtained will be low. Since higher 
range voltmeters have larger multiplier resistors, readings taken 
with a high -range voltmeter will he more accurate than those ob- 
tained with a low -range meter. Of course, it would probably be im- 
possible to read accurately a value of 1 volt o a scale with a 
maximum of 1,000 volts, yet if this 1 volt were developed across 
a 1,000 -ohm resistor and a voltmeter with a range of 1 volt were 
used to obtain the reading, it would most likely be very inaccurate. 
Thus, a low -range instrument may cause inaccuracies due to upset- 
ting circuit conditions, while a high -range instrument may be dif- 
ficult to read; apparently a compromise must be made. The theoreti- 
cally perfect voltmeter would be one which did not draw any current 
from the circuit across which it was connected.1 

While the ranges of voltmeters and milliammeters may be in- 
creased, they cannot be decreased below the full-scale reading ob- 
tained when no shunt or series multiplier resistor is used. If it 
takes 1 ma. of current to produce full-scale deflection on ameter, 
nothing can be done to the meter to rause a lower current to pro- 
duce the same amount of deflection. 

Both DC milliammeters and voltmeters have polarity. One of 
their terminals is marked "plus" and the other "minus". Care must 
be taken to connect them in the circuit in the proper manner; that 
is, the positive side of the meter should be connected toward the 
positive side of the voltage source and the negative side of the 
meter toward the negative side of the voltage source. Failure to 
observe this precaution may result in the passage of current through 
the moving coil in the wrong direction. Thiswould tend to cause 
a reverse rotation of the coil and the meter needle is very liable 
to be bent. 

6. METERS WITH SEVERAL RANGES. Very often a milliammeter is 
constructed to have several current measuring ranges. For example, 
the lowest range may be 1 ma., the next range 10 ma., and the third 

1 A vacuum tube voltmeter is extremely close to this ideal instrument. It will 
be discussed in Lesson 3, Unit 2. 
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range, 100 ma. A rotary switch may be used.to change the range of 

the meter. The circuit diagram of such a meter is shown in Fig., 

16. It may be seen that when the switch -'is in position 1, there 

isno shunt connected across the meter." In this position, its maxi- 

lla. range is 1 as. When the switch is moved to position 2, a shunt 

of such a valué a s' to increase the range to.10 ma. is connected 

across the meter. In the third position, the.proper size shunt is 

placed across ,the,meter to allow it to measure, a maximum current 

of 100 ma. :. 

S unts 

Flg.t6 A milliammeter hav- 
ing several ranges.' The rotary 
switch selects the'proper°shunt. 

. , r 

Multiplier - Resistors 

J t. 

Fiy.17 A voltmeter with sev- 
eral ranges. The rotary switch 
'selects the proper multiplier 
resistor. 

In alike manner, ,a voltmeter may be constructed to have sev- 
era/ ranges. One arrangement used in. accomplishing this is shown 

in Fig. 17. Resistor R1 has a value of 1,000 ohms and when con- 

nected inthe,oircnit'by means of the rotary switch, the meter has 
a range of 1 volt. Likewise, resistances R, and Rs have values of 

10,000 and 100,000 ohms respectively sud, when connected in the 

circuit, can be used to restrict the range of the meter to 10 volts. 

or 100 volts. 

Fig.te Using a single resist- 
or as the multiplier and tapping 
it at various point* to obtain 
different ranges. 

Some instruments do not use separate series resistors for each 

, range, but employ one resistor whose value is equal to thatneeded 
for the maximum range of the voltmeter and is tapped at various 

points along its length. By connecting to-say'ole of these various 

taps, -different ranges of. the voltmeter maybe obtained. (See Fig. 

18.) . 

In other meters, the"rotáry switch is not used; instead, a 

separate terminal for each range and a common terminal'for all are 
provided. 

I 

1 

A 

1 
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7. MOVABLE IRON AC METERS. The type of meter which we have 
been discussing cannot be used to measure an alternating current. 
When such a current is allowed to flow through this type of meter, 
one alternation of the current produces a magnetic field about the 
coil which tends to rotate .it in the proper direction. The next 
alternation, however, flows through the moving coil in the reverse 
direction and the magnetic field produced tends to rotate the mov- 
ing coil oppositely. The alternations succeed each other .at a 
rapid rate, even with low -frequency currents, and before the pointer 
of the meter is able to start rotating in one direction, it is impel- 
led in the opposite direction. Although its moving parts are very 
light, they do have some inertia and a very definite length of time 
.is required to set them in motion. As a result of this, the meter 
needle does not move at all. If examined closely, it may be seen 
to quiver very slightly over the zero mark on the scale. 

In contrast to the Weston meter, known as the movable coil 
type, there is another class of meters called the movable iron type. 
To explain their principle of operation, we shall use the diagram 
shown in Fig. 19. At A, two iron bars are vertically suspended 

(A) 

If A.C. e.a 

(B) N` 
rfi 

TOA.C.Oa D.C. T. Te A.C. 

7\\\ 
(E) / (F 4. ) 

FIg.19 Illustrating the principle of the movable-iron or iron- vane meter. 

through the center of a coil in which no current is flowing. When 
a current is passed through the coil, one of its ends becomes a 
north pole and the opposite end a south pole. Let us say that the 
current is in such a direction as to make the top end a north pole. 
The magnetic lines of force, in flowing through the iron bars, will 
magnetize them making their. two top ends north and their bottom 
ends south. Since like poles repel each other, the iron bars will 
be forced apart as shown at.B. 

Now if the.current flowing through the coil is rapidly reversed, 
the top end of the. iron bars will become south poles and there 
will be the same repulsion -between them as before. If an alter- 
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nating current is passed through the coil, it will reverse its direc- 
tion so rapidly that the two iron bars will remain apart. 

Now let the coil he placed horizontally and let one of the 
iron bars be attached permanently to the inside of the coil. The 
'Other iron bar is suspended in a horizontal position close to the 
fixed bar. When a current is sent through the coil, whether DC or 

F ig. 20 Construction of an 
iron-vane AC ammeter. 

Courtesy 'weston Instruments' \ 
AC, the two iron bars will be magnetized and a repulsion will exist 
between them which forces the bar, which is free to move, over to 
the opposite side of the coil. These conditions are shown at D and 
E in the figure. At F in the diagram, the movable iron piece is 
attached so that it can move only by rotation. To the movable iron 

Fig.21 Construction of 
an iron-vane AC voltmeter. 

Courtesy weston Instruments' 

is affixed a pointer which travels over a scale as current passes 
through the coil. A spiral spring is attached to the shaft upon 
which the movable iron piece is fixed and by its action, rotation 
of the movable iron piece is opposed. Therefore, the movable iron 
and pointer will move over the scale until the restoring force of 
the spiral spring is equal to the force of the magnetic repulsion 
between the two pieces of iron. 

Views of the commercial form of this type of meter are shown 
in Figs. 20 and 21. Fig. 20 is an AC ammeter. In the ammeter, the 
coil consists of a few turns of relatively large wire. The size 
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Fig.22 An iron -vane AC volt- 

meter. 

r. 
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of the wire and the number of turns will depend upon the range of 
the meter. The coil of the voltmeter (Fig. 21) is composed of many 
turns of comparatively small wire and must, of course, be used with 
a series, multiplier resistance as is the DC voltmeter. As may be 
seen in Fig. 20 or Fig. 21, the movable iron is cylindrical in shape, 
while the fixed iron is roughly triangular. The uniformity of the 
scale depends upon the shape of this fixed piece of iron. It is, 
of course, desirable to have the scaleasuniformaspossible. How- 
ever, even when the fixed piece of iron is of the shape shown, the 
scale is not truly uniform. From the illustration of a movable 
iron type AC voltmeter shown in Fig. 22, it is seen that the scale 
is more crowded at the left end than throughout the middle or right 
end. h'hen using this type of meter, one should always use such a 
range that the deflection will be at least half scale since the 
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Fig.23 Illustrating the various parts of a movable -iron meter. 
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crowding at the lower left end makes it difficult to accurately read 
this part of the scale. 

Movable iron meters, as well as all other AC meters, are cali- 
brated to read effective or R.M.S. values, since it is this value 
rather than the average or peak which is of most interest. 

Damping in this type of instrument is accomplished by mechani- 
cal, rather than electrical, means. The principal parts of the 
damper are a damper box and a vane. The damper box is a one-piece 
casting with a recessed chamber in which the vane moves. A cover 
plate encloses the damper box except for a small opening on the 
inner edge of the vane, which permits the fastening of the vane to 
the moving shaft. The exploded views shown in Figs. 23 & 24 clearly il- 
lustrates these parts. The damper box is labeled 5; the cover, 6; 
and the shaft and vane, 8, in Fig.. 23. 

The vane is a thin piece of lightweight alloy stiffened by 
ribs stamped into it. When a current is sent through the meter, 
the pointer moves over the scale and the vane is rotated within the 
damper box. Since the vane fits closely, it compresses the air 
ahead of it as it rotates and, in a like manner, it decompresses 
the air behind it. The compressed air leaks from one side of the 
vane to the other, through the small space provided by the attach- 
ment of the vane to the moving shaft. The amount of damping secured 
depends upon the degree of this air leakage. The design of the 
damper box in these instruments has been so perfected that practi- 
cally ideal damping is obtained with only a few overswings of the 
pointer. 

The moving shaft rotates ín jeweled bearings as does the DC 

meter. This type of instrument will operate on either direct or 
alternating current, but is more accurate on alternating current. 
On ordinary power frequencies, these meters have an accuracy of 
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of a Triplett Iron -vane meter. 
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5%. They cannot, however, be used on audio or radio frequencies 
since reactance effects at these frequencies make the readings of 
the meter inaccurate. 

Movable -iron meters, like BC meters, may have their ranges 
extended by the use of shunts or series resistors, depending upon 
whether they are ammeters or voltmeters. Iron -vane meters are not 
as sensitive as those of the moving -coil type. It generally takes 
at least 15 ma. to produce full-scale deflection on an iron -vane 
meter. Thus a voltmeter of this type would have a sensitivity of 
67 ohms per volt. 

8. HOT WIRE METERS. Meters which operate upon the magnetic 
principle cannot he used to measure frequencies above several hun- 
dred cycles per second. The inductive reactance of the coil used 
in the magnetic type of meters varies as the frequency is changed 
and, thereby, introduces errors. Even if' the iron vane meter were 
able to accurately indicate the value of a high -frequency current, 
its connection in a circuit would upset the circuit's balance and 
change the vol taje and current relations. The only practical method 
of measuring high -frequency currents is by the amount of their 
heating effect. Two different types of meters have been designed 
which will accomplish this purpose. They are the hot wire meter 
and the thermocouple meter. 

Fi9.25 The principle of op- 
eration of a hol wire meter. 

The principle of operation of a hot wire meter is the expan- 
sion of a wire due to heat. The current to be measured is passed 
through a relatively fine wire which becomes hot and expands. A 
mechanical arrangement magnifies the amount of motion of the wire 
and thus produces an appreciable movement of the needle. A dia- 
gram illustrating the various parts is shown in Fig. 25. W is a 
fine platinum wire tightly stretched between two copper blocks, 
B and B'. One terminal of the meter is connected to block B and 
the other to B'. Attached to the wire W at a point somewhat to 
the right of its center is another wire CD. Point Disfirmly fixed. 
A silk thread T is joined to the wire CD at point K. The other 
end of this silk thread is then wound around the rotating shaft in 
such a direction as to maintain the needle, also attached to the 
shaft, at its zero position. Also affixed to this shaft isa spiral 
hairspring so wound as to attempt to make the needle read full-scale 
deflection. (however, since the needle is held in its zero position 
by means of the silk thread, the spiral spring is not free to act. 
When a current passes through the Hire W, its temperature increases, 
the wire expands and sags slightly. As the wire sags, the tension 
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on silk thread T is slackened. When this occurs, spiral spring S 
moves the pointer over the scale and, in so 'doing, winds more of 
the silk thread on the shaft. When 'the needle has moved far enough 
to make the silk thread again taut, it can move no farther, since 
the thread now opposes the motion given to the needle by the spiral 
spring. The greater the amount of current flowing through the hot 
platinum wire, the more it will sag and the greater will be the 
slackening ofthe silk thread T and the farther the'needle can move. 
A zero -adjusting screw not, shown in the diagram must be provided 
to set the needle to its zero position before a measurement is made. 
Since ameterof this type is -affected somewhat by room temperatures, 
this zero adjusting should be done before each reading is taken. 

This meter depends only upon the heating effect of the elec- 
tric current and, therefore, may be used with current of any fre- 
quency or with' direct .current without appreciable error. The meter 
is quite delicate and must be handled very carefully. Lt is not a 
fast meter and several seconds must elapse before the final read- 
ing is obtained. This is due to the fact that it requires a definite 
time for the platinum wire to expand. Compared to DC meters, its 
accuracy is quite low and it cannot be successfully used to measure 
voltages. 

When a'hot-wire meter is used to measure large values of radio 
frequency current, shunts are not employed; instead, several wires 
are connected between the two copper blocks B and B' and they thus 
divide the total current flowing. With this construction, the wire 
CD'is firmly attached to all of the platinum. wires so connected. 

Fig.26 Illustrating the 
construction of a scale'to 
be used with a hot wire or 
thermocouple meter. 

The deflection is proportional to the expansion of the platinum 
wire. In turn, the expansion is proportional to the heat produced 
and the heat is proportional to the square of the current. There-, 
fore, the deflection is directly proportional to the square of the 
current; that is, a current of 2 amperes will produce four times, 
as much deflection as will a current of 1- ampere. For this reason, 
the scale is not uniform, but is very crowded at its lower end. 
Fig. 26 shows how a scale of this type is constructed. If the maxi- 
mum range..of the meter is to be 6 amperes R.M.S., the scale is 
marked off in 6=or 56 equal units. Since these '56 units correspond 
to the current squared, ,the actual value of current will be the 
square root of each of these values as shown in the upper scale. 
Thus; while full scale is 6 amperes, half scale is somewhat more 
then 4 amperes. In taking a measurement, one should always use,a 
rage which will give a deflection of at least half scale, since 
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readings taken on the lower end of the scale are inaccurate, due 
to this crowding effect. .-- 

The hot-wire Meter has been largely siiperceded by the more 
accurate thermocouple meter, except in those instances where economic 
consideration makes the more, inexpensive hot-wire type the more i 

desirable. . - - 

.9. THERMOCOUPLE METERS. The principal element of the 'therao- 
couple ammeter is the thermocouple itself. The meter used with the 
thermocouple is an ordinary sensitive DC Weston movement. For this 
reason, the explanation of this type of meter will be, confined to 
the operation of the thermocouple. 

If two dissimilar metals such as iron and, copper are joined 
together and their opposite ends connected by a wire to a sensi- 
tive DC galvanometer, the application of heat to the junction of 
the two metals will produce. an electromotive force which will be 
indicated by a current flow through the- galvanometer. This phenome- 
non is illustrated in Fig. 27. Since the only energyadded to the 

Fig.27 Conversion of 
neat energy djrectl'y in- 
to electrical energy-. 

system is that of heat, this arrangement constitutes a Method of 
transferring heat energy directly into electrical energy. The amount 
of electromotive force generated at the junction of the two dissimilar 
metals will depend upon the metals used and upon the difference in 
temperature between the hot junction and the points where the con- 
necting wire is joined to each.of the two metals. 

It has been experimentally determined that there will be an 
electromotive force generated at the junction of two dissimilar 
metals when they are placed in contact, whether 'this junction is 
heated or not. Thus, when a copper'bar is placed in contact with 
a zinc'bar as shown in Fig. 28, a contact potential of .41 illi- 

.ul mv. 

- Fig.28 Production of 
a contact voltage- be- 
tween copper and zinc. 

INC 
volt 'will be generated -at the junction of -the two metals and the 
copper will. be positive -with respect to the zinc. Fig. 29 shows 
a circuit in which a copper bar is in contact with a zinc bar and 
the opposite ends óf the two bars are Connected together by means 
of an iron wire. As just explained, there will be an electromotive , 

force of .41 millivolt generated at ,the junction of the zino.snd' 
copper which is in such a direction - as to force a current kw< 
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clockwise direction around this circuit. Also, at the junction -of 
the zinc and iron wire, there is developed an electromotive force 
of 2.52 millivolts. This potential also attempts to -force a cur- 
rent in a clockwise direction around the circuit. At the junction 
of the iron wire and the eopper,.a contact potential of 2.91 milli- 
volts is generated. This potential, however, is in such a direction 
as to force a current counter -clockwise around the circuit. It 
may be seen that the total potential attempting to force a current 
clockwise is equal to the potential attempting to force a current 
counter -clockwise. The two voltages balance and no current flows 
in the circuit. This is always true of any arrangement of dis- 
similar metals when all the junctions are at the same temperature. 

Fi .29 Voltages at junctions 
of dissimilarg metals when all 
Junctions are at the same.tem- 
perature. 

Fig.30 Voltages at junctions 
of dissimilar metals when the. 
temperature 'of one junction is 
increased. 

When heat isapplied to the copper -zinc junction, this delicate 
balance is upset and the potential generated at this junction in- 
creases to .91 millivolt. (See Fig. 3O.) Thus, the voltage attempt- 
ing to force a current clockwise is now greater than that attempting 
to force a current counter -clockwise and this net voltage of. .5 
millivolt sends a very small current around the circuit in a clock- 
wise direction.. This current will be maintained as long as the 
copper -zinc junction is kept at a higher temperature than the Other 
two junctions. The amount of current.which flows in this'circuit 
depends upon the difference in temperature between the copper -zinc 
junction and the Other junctionsof the circuit. Such Currents isre 
known as "the mo-electrie,currents" and the combination of the dis- 
similar metals is known as a "thermocouple". Since the voltages 
developed and the currents which flow are very small, this method/ 
of generating as electromotive force has few commercial' applications 
other than its use with DC meters to measure radio -frequency cur- 
rents and in the construction of certain types of thermometers. 

The metals usually used for thermocouples are constantin and 
copper, or advance and manganin. These combinations will give a 
somewhat greater thermo-voltage than will a copper and zinc thermo- 
couple. When a thermocouple. is to be used with a direct -current' 
meter for the measurement of high -frequency' current, it may be ar- . 

ranged as shown in Fig. 11. Two dissimilar metals are electrically 
welded together at the -center. The high -frequency current to be - 

measured passes from one terminal to the junction of the dissimilar 
f metals and then to the other terminal of the meter. In flowing 
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through this junction, it generates, heat; which raises the tera- 
turs st this point.' The thereo-voltage. generated by the heating 
of this junction causes a direct current to flow through the aster 
and the calibrating resistor. The deflection of the DC meter is, 
proportional to the amount of heat produced st the junction, which ; 
in turn is proportional to the square of the high -frequency Current. rr- 

i 1 

SA 9. " ,1 . , 
a - . . . , ' .. - 

- ''Mc:.,J ."Fl.p.g2 Photograph Of'"a't"hersocouple. r, = L., - Courtesy Triplett Elec. Inst. Co. 

-For this reason, the scale -of -the aster will not be uniform, bat 
will be crowded at its lower end as in the case of the bot-wire 
aster. To produce tali -scale deflection of the aster usually ri- 

:quires a generated voltage of tree 15 to 25 aillivolts. A photo- -- 

graph of a thermoconple its ,shown in Fig. 3t and the symbol often 
used for a thermocouple instrument is shown inFig.. » 
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Thermocouples Ire dally operated 'at véty near the burá=out 
'¡ point end even the slightest overload is liable to mia them, al- 

though the peter movement ie not ordinarily damaged.. Theraocouples 



Fiq.35 A thermocouple 
ammeter used for the meas- 
urement of high -frequency 
currents. 

Cuurt'sv Triplett Elec. Inst. Cu. 

may be bought separately and when one burns out, the entire meter 
does not need to he replaced. Since the average thermocouple, ir- 
respective of the meter, costs from $5.00 to $10.00, it is worth- 
while to take especial care in using these meters. When the 
thermocouple is replaced, it will be necessary to recalibrate the 
meter by means of the calibrating resistor, as the characteristics 
of the new thermocouple are probably different from the old one. 
Since the reading of the meter is not affected by frequency, cali- 
bration can be made at bU cycles. 

The range of a thermocouple ammeter may be extended by solder- 
ing a short copper wire between the the mocouple lugs. All shunts 
on high -frequency meters of this kind should be as short as pos- 
sible and should be placed parallel and close to the thermocouple. 
If they are placed outside of the case of the instrument, the read- 
ings on high frequency will not be the same as on low frequency. 

Thermocouple meters are manufactured iu ranges from 100 ma. 
to 1,000 amperes. They are considerably faster inaction than hot- 
wire meters and, although more expensive, are far more accurate. 
An illustration of a modern thermocouple ammeter appears in Fig.% 
Notice the crowding at the lower end of the scale, due to the fact 
that the deflection is proportional to the square of tke current. 

Fr9.35 Illustrating the 
connection of a copper - 
oxide rectifier toa meter. 

25 

Lead 
Washers 

To AC 
Circuit Copper -oxide 

Disc 

Copper Disc 

ill 
ppyI; 

f 

eter 

Brass 
Terminal 
Plates 



10. RECTIFIER TYPE METERS. The types of AC meters previously 

studied are not suitable for the measurement of very low alternating 

currents or voltages. For this purpose, the rectifier type meter 

has been designed. It consists of a DC Weston movement meter used 

in conjunction with a copper -oxide rectifier. The copper -oxide 

rectifier is composed of four rectifying elements arranged in a 

bridge circuit. It is provided with four terminals, two of which 

connect to the AC circuit and the others to the DC milliammeter. 

Such a combination is shown in Fig. `i5. The copper -oxide rectifier 

converts the alternating current into a pulsating direct current. 
The pulsating direct current, which flows through the meter, varies 

so rapidly that the meter needle is unable to follow its variations, 

but, instead, deflects an amount which is proportional to the aver- 

age value of this pulsating direct current. Although the deflection 

of the meter is proportional to the average value of the alternating 
current, the meter is calibrated to read R.M.S. values, as are all 

other AC meters. A rectifier is shown in Fig. 36. 

'^l 
Q 

Fig.36 Photograph of a rectifier. 

Courtesy Triplett Elec. Inst. Co. 

When a rectifier meter is to be used as a milliammeter or am- 
meter, it is connectedin series with the circuit as are DC ammeters. 
A rectifier type voltmeter must be used with a multiplier resistance. 
This resistance is placed on the AC side of the rectifier as shown 

in Fig. 17. The only difference between the voltmeter and the am- 
meter is the use of the series resistor and the difference in the 

calibration of the scale. The meter movements themselves are ex- 
actly alike as are direct current instruments. 

Multiplier 

Copper -oxide 
Rectifier 

Fig.37 Showing how a multiplier re- 
sistor should Pe connected to a recti- 
fier type voltmeter. 

The resistance of the rectifier is not constant, but varies 
with temperature and with the amount of current flowing through 
it; hence, the scale of the meter is not uniform. It is somewhat 
crowded at its lower end, although not as much as the scales of 
thermocouple or iron -vane meters. 

At ordinary power frequencies, the accuracy of a rectifier in- 

strument is about 5%. As the frequency of the current is increased, 
the reading of the meter drops below the true value. The additional 
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inaccuracy :is, about :5% for each 1,000 cycles up to 15,000,c.p.s. 
Thus, in -measuring a 6,000 -cycle current, the meter would 'read 6 x 

.5 or 3% below the.value which an equivalent current of a power fre- 
quency would'produce. Above 15,000 c.p.a., the -Capacitive. effect 
between the rectifying elements becomes great enough to cause con- 
siderable inaccuracy, the amount óf which cannot be easily expressed. 

All alternatingcurrent instruments are -calibrated with cur- 
rent which has a pure sine wave form, and if used to measure non - 

sinusoidal waveforms, they will develop inaccuracies,. the .amount 

of which will depend upon how great the waveform departs, from a 
true -sine wave. . 

Rectifier type meters are quite often employed in radio set 
analyzers to measure the output voltage of radio receivers.. When 

so used, they are called "output meters", and may be employed, -to 

determine the amount of amplification secured by a vacuum tube, 
to find the power output of a radio receiver, or in the alignment 
of'the tuned circuits, processes which will be fully described in 

later lessons. An output meter is shown in Fig. 18. 

Fig.) A rectifier type 
AC voltmeter having three 
rarities. This meter ma 
also be used as an output 
Meter. 

Courtesy Triplett Elec. Inst. Co. 

11. DYNAMOMETER TYPE.M!TER3. A current and voltage measuring 
instrument which may be used on either AC orDC is the dynamometer. - 
Its principle:of operation 'is very similar to that -of the -Weston' 
DC movement. It consists of a moving coil through which current 
is passed and.which rotates, in the. magnetic field produced not by 
a permanent magnet, but by an electromagnet. As.mentioned before, 

the Weston DC movement cannot be used with AC since one alterna- 
tion of the AC tends to -rotate -the moving coil intone direction, 
and the next in the opposite direction: If the field of .the'per- 
manent_maQnet could be -reversed at the same time:that:the current 
through the moving coil changes direction, the rotating force. would 
still tend to rotate the coil in the proper manner. This may be 

.socoMplished by replacing the,permanent magnet by an electromagnet 
which is energized by allowing the current to be measured to flow, 
through it. . 
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During óne.'alternation, a repulsion will"exist between -the 
moving Coil end. the electromagnet and the coil will rotate. Then, 
during the succeeding alternation, when the current through both 
reverses, the magnetic fields of both will change polarity and the 
same repulsion will exist as on the preceding alternation. Doubling 
the amount of current to" be measured doubles the strength of the 
field about both the electro -magnet and the moving coil; hence, the 
amount of deflection is _Quadrupled. Thus, this instrument has a 
non-linear scale, crowded at the lower end, since the deflection .is proportional to the square of the current. 

The electromagnet consists of two fixed coils mounted on either 
side of the moving coil as shown in Fig. 39. The moving coil end 
the air gap in which it rotates is much larger" thanin the Weston 
DC movement; therefore, this instrument is not as sensitive as a 
DC meter. 

Pointer. 

Movable 
Coil, 

F1g.99 Schematic, diagram of 
",a dynamometer: 

Fixed 5 Fixed 
Coll Coil 

f 

Dynamometer voltmeters can be constructed with en accuracy of - 

11ti when used with low -frequency currents. They givethe same read- - 

lug on DC as on AC; hence, a direct current may be used to cali- 
brate them. They are more- accurate thaniron-vane,meters, but are 
somewhat more expensive. 

Ranges as low as 15 aa. are available in the dynamometer adlliem-- 
meter instruments. For measuring low currents, the fixed and movable 
coils are connected in series. 

The principal use of the dynemometer.type-meter, however, is 
for the measurement of power. Such an instrument is called ,a watt- 
meter, -and is sufficiently-.important-to_be given Special cénsidera- 
tion. 

1t. WATIMBTGRS. The, measurement of power in a direct current , 

circuit maybe accomplished by use of a voltmeter and an ammeter. 
The ammeter, or milliameter, is 'placed in .series with the load ' ; 'I 
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which -is dissipating the power and the voltmeter isconnected across 
the load. If the voltage .(in volts)- is multiplied by the current 
(in amperes), the product is the power (in watts) dissipated by' 

the load,, (W = E x I). In an alternating current circuit, an AC 

voltmeter and an AC ammeter may be used, to determine the.power if 
the load is a pure resistance. When the load is a pure .resistance, 
the current flowing through the circuit is in phase with the applied 
voltage and the power factor is 1. In this case, the -true power 
is equalto the apparent power. 

If there is any net reactance in the circuit, either- inductive 
or. capacitive, the cu rrent_will not be in phase with the applied 
voltage,. the, power factor will be some value less than 1, and the 
true power will he less than the apparent power. When -this is the 
case, the product of the current and the voltage- does not give -the 
power dissipated by the load. 

An instrument known as a.. wattmeter may be used to measure the 
power in either .a direct or an. alternating current circuit. The 
wattmeter is a device which automatically multiplies the current 
by the voltage and always indicates the true power in the circuit 
whether the current is in phase with the voltage or not. Thus,. 
when using, this meter; you do not have to calculate the power fac- 
tor of the circuit. 

FIg.ao A schematic di- 
agram of the construction 
of a'wattme,ter. 

Load 

The construction of a wattmeter is shown in Fig. 40. It con- 
sistsof two coils: One, the current coil and the other, the volt- 
age coil. The current coil, marked A in the Figure, is divided in- 
to two parts. It is fixed in position and is wound with heavy 
wire: The two -terminals of the -current coil are connected in series 
with the load just as an ammeter would be connected. The voltage 
coil (marked B) is fastened to; a,shaft which rotates within the 
current coil. At the top of, the shaft there is affixed a needle 
and a spiral hairspring which holds the needle in the zero position. 
In series with the voltage coil is a multiplier resistance. The 
two terminals of the voltage coil, are connected across rthe load 
as a voltmeter would be connected: 

Since the total current flowing through the load also; flows 
through the 'current coil, the magnetic -field produced around the 
current coil is proportional to. the .current flowing. through thé 
load. The current which flows through the moving, coil or voltage 
coil, is proportional to the voltage across the load and, therefore, 
its,magnetic field is proportional to this voltage. The. magnetic 
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force which rotates the needle 'is' proportional to , both of 'these 
magnetic fields; hence, it' is proportional to'the product of the 
voltage -and the current. - 

The rotating force at any instant is equal to the product of 
the voltage across the load and the current through the load at 
that instant. Since the meter needle is unable to follow the rapid 
fluctuations of the, current, it assumes a position which is equal 
to the average rotating force supplied by the interaction of the 
two'magnetic fields; or the voltage coil rotates until the restor- 
ing force of the spiral spring is equal to that of the magnetic 
force producing the rotation. The average rotating force is equal 
to the. average of all of the instantaneous values and, if at some 
part of the cycle, the voltage is positive and the current negative, 
or'vice versa, as will be the case when the voltage and 'current are 
not in phase, this negative powerproduces a rotating :force opposite 
to that produced when both voltage and current have like signs. 
Thus the average rotating force is the.average of all these instan- 
taneous values, some positive and some negative, and the fact that 

during part of the cycle, the load may be returning power to -the 

generator is 'automatically taken into account. Therefore, the 
wattmeter indicates the true power consumed by the load no matter 
what the phase angle or power factor of the circuit may be. 

The instrument maybe used on either DC.or AC. In using the 
meter, care must be taken to see that the current through the load 
is not greater thanthe maximum allowable current which may flow 
through the current coils, Sr that the voltage across the load is 
.not greater than thet>Raximua allowable voltage which may be applied 
across the voltage coil. For example: The maximum scale reading 
of.a wattmeter might be 1,000 watts; the maximum permissible cur- 

Voltage 

AC Coil 

Line 

Current Coil 

Load 
Fig .1111. .Illustrating how 

a wattmeter should be,con- 
netted. 

rent through the current coil, 10 amperes; and the maximum°voltage 
across the voltage coil, 100 volts. If this wattmeter were con- 
nected to - a load through which 5. amperes of current flowed and 
across which there existed a voltage of 150 volts, the meter would 
indicate a power of 5 x 150 or 750 watts (assuming unity power fac- 
tor). This instrument, however, would be overloaded since á volt- 
age -greater than 100 volts is being applied to the voltage coil. 
The voltage coil would, very likely, overheat and might possibly 
burn out. 

The voltage coil should be so connected' that the current which 
it'draws does not'have to pass through the current coil., The pro- 
per connection is shown in Fig. 41. A photograph of a wattmeter 
with a maximum range of 150,000 watts appears -in Fig. 42. In the 
photograph,' the two current coils, placed parallel'to each other 

;0 

J. 



and connected in series, may be easily distinguished. Between them. 
with a shaft through its center, is the voltage coil. The several 
large, flat, parallel plates which are stacked in the background 
constitute the series multiplying resistor used with the voltage 
coil. 

4t 

- 

Courtesy Weston instrument Co. 

Fig.u2 A wattmeter Capable of measuring 150 kilowatts. 

13. USE AND CARE OF METERS. Modern meters are quite rugged 
and, with careful handling, will maintain their calibration over 
a period of many years. The keston type DC movement meter which 
employs a permanent magnet is accurate to within 17e. Care must be 
taken that a meter of this type is never severely jarred, as this 
action is liable to weaken the field of the permanent magnet, there- 
by changing the calibration. In addition, jars are apt to bend 
the light shaft on which the moving coil is mounted or may crack 
the jewel bearings. 

When using an ammeter, make sure that the current to be measured 
is less than the maximum range of the meter you intend to use. If 
you do not know the value of the current flowing, use the largest 
range of ammeterormilliammeter available. If an accurate reading 
cannot then be obtained, a smaller range may be used to secure the 
correct reading. 

Always remember, of course, that an ammeter or a mill iammeter 
must be connected in series, while a voltmeter must be connected 

1 



in parallel with the circuit. If the polarity of the line is not 
known, extreme caution should be observed in allowing current to 
flow through the meter. If the meter should happen to be connected 
with the wrong polarity, the needle might be damaged by the back- 
ward thrust of the moving coil. 

Before using any meter, make certain that the needle is at its 
true zero position. If it is not, use the zero adjusting screw to 
bring it exactly over the zero mark. Finally, always make sure 
that your eye is directly over the needle when ta.d ng a reading. 

For measuring direct current, a meter using a Weston DC move- 
ment is practically always employed. Iron vane meters and dynamo- 
meters are commonly used for the measurement of low -frequency cur- 
rents not exceeding a few hundred cycles. Frequencies higher than 
this, up to 20,000 c.p.s., may be measured with a rectifier type 
instrument, while radio frequencies as high as ordinarily used for 
communication purposes are measurable with hot wire or thermocouple 
meters. Thus, it may be seen that for any type of current, there is 
a meter most suitable for its measurement. It is true that the 
frequency range of the meters overlap and, in some cases, any one 
of several of the various types could be employed. However, it 
would be unprofitable to purchase a thermocouple meter for the ex- 
clusive measurement of 60 -cycle AC, as a less expensive iron vane 
meter could do the job just as well. Likewise, the most economical 
instrument which will measure the current of any particular freq- 
uency accurately should always be selected. 
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LL. 

' `.5.1 

. i 

, APPROXIMATE RESISTANCES ci? STANDARD MILLIAMiETT2 SA - 
AND SENSITIVITIES OP AC VOLTMETERS. 

' 

0-1 .' 55.0 ohms . . 0-100 ' 

0-1.5 - 
. 22.0- 

0-1 - 11.0 - . 0-500 , 

0-5 -'~ 8.5 0-750 
0-10 . ' 1.1 - -' 0-1,000 
0-15 2.0 

. 

.5-0-.5 
` 

0-25 ' _ ' ` 1.2' 100-0-100 

0-75 .4 :_ áí-1-oi50 
0-100 , .5 ` 0-1-25- . ' 

0-150 .25 0-15-150. 
'0-200 .15 

,' :, 

0-25-250:-. . 
0-250 : . , :12 

D. C. Microammeters ' .. 

Models 221, 221, 121, 524, 525, 421, 521, 524, and 525' ` ' 

Range "-Approx. resistance Range Approx. resistance 
0-200 560.00 ohms 0-500 156.00 ohms ''' 

A. C. Nilliammeters 
Models 211,, 253, 111, 114, 555:: 116, 451, 

Range Approx. resistance : Range 
= 0-10 , 1950.00 ohms 0-100 , 
1: . 0-15 -.--. 1125:00 . . - . 0-200- 

0-25 , . 
: . 125.00. - 0-250 

. - 0-50 ` 85.00 , ' - 0-500. 
-; 

. 

ME81'ON. 

D. C. Nillismmeters 
Model 101 - 

-1 ' Range .Approx. resistance Range 
7 = ' - 0-1 r 105.00 ohms* -- . 0-15 

, . 0-1.5 . . 27.00 ; 0-20 
- 0-2 ' « 27.00 0-25 0 

" . .., 0-; r 18.00 0-10 
1,1 

. 

- ' 0-5 
, 

- 12.00 - 0-50 - 

- - u 0-10 
'. MO ' 0-100 

- 

.' f 

TJ/tljjA 
- ' _ r 

-D. C. Nilliammeters - 

Models 221, 221. 121, 524, 5, 526, 421, 521, 524, and 525. 
Range ., Approx. resistance Range Approx. resistance 

.10 ohms 

D. C:.Mioroammeters 
Models 600, and 101* 

7r ' ir ; Range'' '- - Approx. resistance' Raage 

.05 . 
55.00.'.,.. 

.15 -- 

.10 = 

11-1.00 - 

55-1.20 -, _; . 

2-0.23 

511, 514, and 515. 
Approx.: resistance. - 

,} 

21.00 ohms ,' 
. 

- 

5.00 
4.00 

80 

°( 

, . y. . 

, .. 

rrl 

.Approx. resistance - . 

2.00 ohms' ', 
, 

2.00 - s' ', 

.- ' 0-20 ' 2,000.00 ohms 0-100 
0-50 2,000.00 
0-75 1,800.00 0-200 

1.20 
, 

.. .. , 

2.00 ' ti - 

_ 1.00": 

Approx.;resistanee 
1,100.00 ohis. 

660.00, ' 

A. C. Milliammeters 
Model 476 

°-' Approx. 
,000 Q0iohtasee ' 0-50e : ...'175x. r00 ohms« 

L 

'0-25 . . 690.00 - 

. ° 

` A. C. Miorosmmeters ' - , - 

- Models 600, and 101 - 

. 
r Range. Approx. resistance ' Range _ -Approx. resistance 

. 0-100 4.000:00 ohms '0-200- 2,200.00 ohms .- 
; . 0-200 1.56500 . 0-500 , 1,010.00 

-i. 2;" 
- 

r . 

s_ 
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', t Models' 2 196k 111. 511 511 Ind 515= '"-. 
;. i' ku++u_ iDi Nen!1 si4 t A1r4DE*á1t A', ; 

,' 

Y ,1, - °° in ohms per ' t in obits per volt. ' r 
'ti. 

. 
-.' ,Ó-1.5 . . 4.00 ' Oa00 1 - 166.00 1 ,ir , 

'- 0-1 , : 1, 5.00 _' °' 0-500' ,. 
. 166.00 ,. á , 

P: 0-5 ' 10.70 .,,-. , , 0-750 . . 

``: 166.00 - r'''.... ' 

2tinY',t t . 
I1 +Cc M :F 

i i" ,.s_il 0-b '`;:,5. 10.70 7.. 0-1000 f ' iW:W ' : 
' ' 

M1l 
f` 1 ' : n, 0-10 16.00 - 'r 1..s' . 0-15= 11.001.-,...-- .i '. ,.- 

- 0-15 _ ' .16.00 ` ' 0-150-100 - .110.00 ,; ,; _ . r;,, 14 '- 

''.',1; 
.. s a t , .¡, o ,( .90 , ' , 0-150-750 110.00 Z, ';;'; ,:z, -I., 0-50 ''>: 

. 60.00 . r 0-7.5-15-150 13.00 t,., M .:.1 

- ., 

, `r 

0-7.5-150-750 11.00 -7" r.:, : 
`R= - -. ° 0-150 `'' 110.00 : 07.5-15150-150 11.00 -N1', 
,. 1"{ J,,' "1i ''0 -t50 ',. 166.00.; 0-250-750 ,110.00 ;r; 

- /ci . 

T 'x' , . 

.,J,; r;° 

-.41 ,,, ., 
I - iq ,-r 1. 1 -w'n or 

.t. i`. á r'j1 ' i `' 
I 

-i 1 -1,- ' 

4 
' rz 

71fr'rt° ..::' _f ' t 1 -?1;Í" .1 -, 
. " _'. 

0-100 .° " 110.00 - ta S 

WE3110N 

A. C. Voltmeters 
Model 476 'r' il' t «Ranee Approx sensitivity Range - Approx. sensitivity - 

in obits per volt., volt..'. - 

.,.. .IG :, ;i,p! .; 'iy; jt.h11'I.l!;a>'.1 

!r. 

u ""I" Ala , 7 'rw s , 
1, ;. .. `y éll a 

_ 
iú- i; 6 

'In,' - .. 
} u ' a 

I 'u 

+,-n' 
, IL, .ID . *4$';_. 

x : jn; iPN' "it 

h'1,1, } 
7 
- !r^/' 

k, 
r . 

;I;" 
a+ , T1.1- :, ;: 

n i u'N '4 4.1_ 
" '1 ,,., -.iy...` 



(rhos «extra pales are prouided for poor use In taking sysciat. áoteal. 
-. r.c;v. 

_ ] -'- tia 
r'''.', 

- - _ - -- .-'+G,p.4 

,d:,..11. c II- , 
. L.n- vu. . ;11177.- I:' F.3 w - }},, -- ` . . e ..' - PEP '. _ 

i i :) r. .''í -'---- . _ -&?` . 11.,-;.-' - 'r; rr 
4- 

a-1 
a ._!> _ - t ' ' - - 

i;J'.r, :'f ' f c., _j .. . 

,c' .- _ ,' 'x,, . .. . 
j,,m.Ni;"S.. _ -}siT`. - _. t4"._, , _j,t,_i..., -- 'r. ' 

- '' 9 

.. 
r .i.`-1,'' i-' - .M , ;,` ' l?.-?,, rr : .t!;º .j¿ ' : ' r, 3,-(11 . -. , . " 1 ;' I'C '.'d y{ _. , 

{y..t-`.,. 
, , 

ti -ñ' .,Y - . J . V. r , :. a Yi _ _r; . : : édfi , f- s. ' - ' ti t , - , = 
. ` 

` , -', '- ^ `'.1 ` - 6:; ` r :f. . ,.i- 
`"'' `7 4 ` 4 . , :i3 - ,:i? .nn, _ ̀ . iv s''- "'-'.t', ̀ ''`- . , , r `:r- -' ' - . - _-i., ' 9 . '' ' . : .. Z 'i, Y i: :N- , z 'áC ,, , .{ r 

c : y t- `. .4 drY''t ''a, ' - 31f1i+-A) ..ku:.SS1 - ','.:C':uFN 
- ' - ' -, ° ' - - ' - ' - -.r%'si r . ;i '.itr ; ; r ' . ' 4 ` _ 'S .. -r . - .. i. 1 ,t SYé Q- . : a ..._ rr: 

. . 7 ' I.4 
1: 

G ( c - °'. =él-: 
- - r_'i t ,"`r^ :¡; 'r _ 

,7:11-"4:_.,-. rrvl; c' - - - 
r x ' ` '-I:.,: + 

:_; . 3' :- : - F pw_, 
_ a1, S: n f'=ra 

.... 
; f 

. n r 

' 

' - y -}`.'?'~rYi_".L. ' 

' y f' i 
41 O y . . 

qi FI w 

-89 gs ;' ,, 

; - 

ñ 1 

, á ,i ' i 

o 

0 
2.ti 

üE.. 

-;p - ° re . :, 
;,1} 

" i i,`.n r 
, tn 

d 
' r 

-lw <rn 

I. 4 
. 

) , Fa 

?.:.., ,.' ro' : P' 

a *y 
r' ;rl'F_- 

-,icÍ3' ui li 
,A _ .-n 

f 

` v. 

<-"" s1 11'-t',.'j 
1'.' a,Ln.*3-ti.- 

I.iLc . N+t'I'~ 

'i*Xr: .i', M1,'' _ 
.. - Lr 

't 

.4 



The text of this lesson was compiled and 
edited by the following members of the 

staff: 

G. L. Taylor 
President and Chief Engineer 

Midland Radio 8 Television Schools, Inc. 

C. L. Foster 
Supt. of Instruction 

Midland Radio á Television Schools, Inc. 

C. V. Curtis 
Chief Instructor 

Midland Radio 8 Television Schools. Inc. 

R. E. Curtis 
Technical Drafting 

Midland Radio a Television Schools, Inc. 





,R 

.41 

'POWER & LIGHT I3UILDIN6, KANSAS CITY. MISSOURI 

VACUUM TUBE 
DETECTOL?S 

LESSON 
NO. 
78 



GEORGE STEPHENSON 
AND WEALTH POURED IN ON HIM.' 

Discouraged at the very outset by a schoolmaster 
from whom he sought to learn how to read and write, 
George Stephenson, like many other famous men, virtual- 
ly lifted himself by his bootstraps to fame, fortune and 
success. 

Starting life in a home that was a hovel, with a 

clay floor, mud walls and bare rafters, young Stephenson 
had nothing but his own determination to encourage him. 
At the age of five, he was herding cows, later working 
in a mine picking stones from coal and finally gradu- 
ating to the job of driving the Morse that drew coal 
from the mine. At eighteen, he had followed in his 
father's footsteps and was a fireman. He could take 
his engine apart and make repairs, and in this way he 
secured the initial knowledge that started him on the 
road to fame. Eagerly seeking an education, he devoted 
his spare moments to writing with a piece of chalk and 
in a short time could read, write and do simple mathe- 
matical problems. 

Realizing that the engine with which he worked was 
far from perfect he began to figure out how to improve 
it and made models of engines in clay. Then, in 1815, 
he actually planned and built his first locomotive 
a very real triumph fora lad of only twenty years. But 
Stephenson was not satisfied. He wanted to build a bet- 
ter engine one that would go much faster. He planned, 
studied and built modes and finally constructed another 
engine which was used by_the company for which he worked. 

.3 

In 1821, he was appointed Chief Engineer for the 
Stockton and Darlington Railroad. Here he -had greater 
opportunity to -carry on the work to which he had dedi- 
cated his life. Locomotive followed locomotive, each 
being an improvement on the other. Greater speeds were 
attained and fuel consumption reduced. Then Stephenson 
decided to try fdr the tremendous speed of 12 miles an 
hour. One of his friends upon learnipg this asked, 
'Suppóse while it is running, a cow should stray upon 
the track. Would itnot be a very awkward circumstance?' 
Stephenson replied, 'I should .think it might for the 
cow.' 

As time passed, George Stephenson's triumphs con- 
tinued to skyrocket. He became chief or consultjng en- 
gineer of practically every railway project. Wealth in 

abundance flowed upon him. Wise men sought his friend- 
ship. Medals were heaped upon him. His King offered 
him a knighthood, but he preferred to remain just plain 
George Stephenson the father of modern railway trans- 
portation. 

While we all cannot be famous or fabulously rich, 
we can be successful enough to enjoy life completely. 
And the surest way to such an accomplishment is thor- 
ough, modern training that prepares for profitable em- 
ployment in an industry that always needs trained men. 
You have made your decision to be a success:. SEE THAT 
YOU STICK TO IT! 

Copyright 1942 

By 

Midland Radio & Television 
Schools, Inc. PRINTED JN U.S.A. 

o 4 InTS 

KANSAS CITY. 



Lesson Eighteen 

VACUUM 
TUBE 

DETECTORS 
"Before the discovery 

and perfection of the vacuum 
tube, crystals and a crude de- 
vice known as the 'coherer' were 
used to detect radio signals. 
The lack of sensitivity of these 
devices prevented a rapid growth 
of the then struggling wireless in- 
dustry. 

"After the invention of the vacuum tube, the radio industry 
began to grow by leaps and bounds. The first use of the vacuum 
tube was as a detector. The detector circuit in a radio receiver 
can a.tually be considered to be the most important circuit in the 
entire set. Without this one circuit, the balance of the radio re- 
ceiver would he useless. Since detection is so important, I suggest 

that you study the material contained in this lesson very thoroughly." 

1. AT THE STUDIO AND TRANSMITTER. The process of transmitting 
intelligence by means of Radio depends upon the simultaneous opera- 
tion of several circuits. All of the electrical circuits at the 

broadcasting station must be in working Drder and properly adjusted 
to radiate radio signals from the transmitting antenna. Then, too, 

the various circuits contained within the radio receiver must be 

functioning properly in order to amplify the radio signal received 

from a broadcasting station and reproduce the desired sound from 
the loud speaker. 

As well as the necessity for proper adjustment and operation 
of all circuits, it is also essential to establish a "cooperation" 
between the receiver and transmitter. This cooperation is secured 
when the radio receiver is tuned. The process of tuning consists 
of adjusting the radio receiver so as to coincide or "cooperate" 
with the energy' being radiated from the desired broadcasting station. 
Having established this condition, the receiving set is capable of 
reproducing the intelligence transmitted from that partioular sta- 
tion. The ability of the radio receiver to convert the received 
radio energy into sound waves depends to a large extent upon the 
operation of the detector stage in the receiver. The detector is 
situated in the electrical center of the radio receiving circuit, 
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having a radio -frequency amplifier preceding it and is followed 
by an audio -frequency amplifier. 

To obtain a clear conception of the job demanded from the de- 
tector, it is necessary to briefly review the transmission of a 

radio signal. 
In Fig. 1, the essential portions of a radio transmitting cir- 

cuit are shown in block -diagram form. The equipment necessary for 
the transmission of radio signals consists mainly of two parts: 
the studio equipment and the transmitting equipment. The most ele- 
mentary stage in a radio transmitter is the "oscillator", which 
serves to generate the high -frequency carrier wave necessary for 
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transmission. Following the oscillator, several amplifier stages 
are employed for the purpose of increasing the radio -frequency power 
delivered to the input of the amplifier from the oscillator. These 
amplifiers do not change the frequency which was originally generated 
by the oscillator. Following the amplifiers, the amplified radio - 
frequency carrier wave is delivered into the final R.F. amplifier, 
often called the "modulated stage". The output of the modulated 
stage is then delivered into the antenna. 

The second main portion of the broadcasting station consists 
of the studio equipment. The sound waves striking the diaphram of 
the microphone create audio -frequency currents in the microphone 
circuit. These currents are of very low amplitude; hence, they 
must be amplified before being delivered into the transmitter pro- 
per. The audio -frequency amplifiers shown following the microphone 
in Fig. 1 serve to increase the amplitude of the audio frequency 
without changing its wave form in any way. The amplified audio 
frequency from the studio amplifiers is then fed to the input of 
the "modulator stage". This modulator stage is a high-powered 
audio -frequency amplifier and is sometimes called the "final A.F. 
stage" The output of the modulator is then delivered into the 
plate or grid circuit of the modulated stage. In the modulated 
stage, the audio -frequency current and the radio -frequency current 
are combined. The effect of this combination on the appearance of 
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the carrier wave is shown at B in' Fig. 1. When no audio -frequency 
current is fed into the modulated stage, the amplitude of the car- 
rier wave remains constant (as at A), but when audio frequency is 
delivered, the amplitude of the carrier wave is caused to rise and 
fall in direct accordance with the audio -frequency current. 

The process of varying the amplitude of the carrier wave in 
accordance with the sound wave originally actuating the diaphram 
of the microphone is known as modulation. Modulation refers to 
the combination of the audio frequency with the radio frequency, 
and the result is a variation in the amplitude of the radio -fre- 
quency carrier wave at the audio -frequency rate. It is necessary 
to employ a high -frequency carrier wave for transmitting or "car- 
rying" the' audio from the broadcasting antenna to the receiving 
'antenna, because the audio -frequency current alone is not capable 
of producing a radiation of energy from the transmitting antenna. 

Fig. 1 and the associated discussion serve to illustrate the 
important process of modulation. The reverse of this process, de- 
modulation, is necessary at the receiver. 

E. AT THE RECEIVER. When the modulated carrier wave radiated 
from a broadcasting station strikes the receiving antenna, a modu- 
lated R.F. voltage will be induced' therein. This induced voltage 
will be extremely weak, having a maximum amplitude of -only a few 
micro or millivolts. The R.F. amplifier portion of the receiver 
amplifies the weak voltage and also provides the necessary tuning 
circuits which make it possible to select the desired station. The 
output of the'R.F. amplifier is exactly the same in wave form as 
the input, differing only in amplitude. 

Following the R.F. amplifier, it is necessary to separate the 
audio -frequency wave from the modulated R.F. carrier wave. Since 
this is exactly the opposite function which occurred at the trans- 
mitter, it is often called "demodulation". The term "detection" 
is the most common expression for this demodulation process. . 

Detection consists of separating the audto frequency from the 
modulated R.P. carrier wove. The input to the detector stage is 
a modulated R.F. voltage, but the output contains only the audio. - 
frequency voltage which was originally impressed on the carrier 
wave. The R.F. portion of the modulated carrier wave is not pres- 
ent in the output of the detector. 

The audio -frequency voltage supplied by a detector ih generally 
less than one volt. Audio frequency of this low amplitude is not 
capable of producing appreciable volume from a loud speaker; how- 
ever, it can give satisfactory headphone operation. Since loud'. 

speakers are employed with most modern sets, the weak audio -frequency 
output of the detector must be passed through an audio -frequency 
amplifier to increase the audio power (A.F. voltage and A.F. cur- 
rent). The high audio -frequency power output is then delivered to 
the loud speaker, and the loud speaker reproduces the original 
sound wave which was set up in the studio before 'the microphone. 

Fig. 2 illustrates the essential portions of a radio receiver 
with block diagrams. 
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- - 3. REQUIREMENTS OF A DETECTOR. In the process of detection, ' 

' it is necessary to subject the modulated R.F.'carrier wave to a 

circuit whichis capable of performing two operations. These are: 

' _ 1. Rectifying the modulated R.F. wave. 

r - 2. Filtering -the rectified wave. 

-'" To illustrate the changes thesignal must undergo -through the 

' detector stage, let us refer to Fig. 3. At A in Fig. 3, the mode- ,r 
0 

lated R.F. carrier wave is shown. This is the appearance of the -1 

wave as fed:into the detector and it is desired to extract the audio 
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frequency from it. The audio frequency is represénted by the 'variar- ,j 

_, tion in amplitude of this -wave. The drawing at B illustrates the 

appearance of the modulated R.F. carrier wave after it has been , 

rectified. _ Notice that- the only difference between the rectified U 

wave and the original wave is that the negative alternation has ,J_] 

been eliminated on the rectified wave (the positive alternations. h= 
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are exactly as before). After rectification, it is necessary to 
filter the rectified wave, thereby securing its average value. 
The appearance of the rectified wave after it has been filtered is 
shown at C in Fig. 3. Notice that the filteri has eliminated all of 
the R.F. variations, and we have remaining only the average of the 
rectified wave. This average value varies in amplitude exactly 
the same as the original carrier wave; hence, it is the desired 
audio frequency. Upon passing the wave shown at C through a coupling 
circuit, such as a transformer, the A.F. wave as shown at D will be 
secured. This wave should be exact. in every detail with the audio 
frequency originally created in the microphone circuit at the broad- 
casting station. It is, however, small in amplitude; so. if loud 
speaker operation is desired, it must be built up through an audio - 
frequency amplifier. 

In addition to rectifying and filtering the incomiñ? signal, 
the detector must also fulfill other conditions if it is to be 
satisfactory. Distortion of the audio -frequency wave is exceeding- 
ly undesirable; therefore, the entire detector circuit must be de- 
signed so as to produce en output audio -frequency current which 
ooinoides with the amplitude change of the modulated R.F. carrier 
wave- as closely as possible. All types of detectors are apt to 
produce a slight amount of rdue form dtatortton, but with extreme 
ogre in circuit design, the distortion can be minimized. 

As well as wave form distortion, it is also possible that some 
of the audio frequencies originally impressed on the carrier,wave 
will not. be produced in the output of the detector. This is called 
frequency dtatortton. Discrimination against the high and low audio 
frequencies is a defect common to all types of detectors. The 
Method of detection used and the values of the various parts con- 
tained in the circuit affect the frequency distortion to a large 
extent. 

Another requirement of the detector which demands recognition 
is the detector's sensitivity. The sensitivity refers to the ratio 
of the audio -frequency output to the radio -frequency input. With 
a given R.F. voltage input applied to the gridoircuit of the de- 
tector, the higher the audio -frequency power output secured in the 
plate circuit, the greater will be the detector's sensitivity. 

4. TEE CRYSTAL DETECTOR. A study of the various types of de- 
teotor circuits should begin with the one that is simplest in opera- 
tic. This is the crystal detector circuit, and, as you know, it 
was employed long before vacuum tubes were available for radio com- 
munication purposes. A diagram showing the essential components 
for a crystal detector circuit is shown in Fig. 4. The radio -fre- 
quency eaplifier has been excluded from this circuit and the signal 
from the antenna is fed directly into the crystal detector circuit. 
By using headphones, it is possible to eliminate the audio -frequency 
amplifier. 

As the radiated energy from the broadcasting station is inter- 
cepted by the antenna wire, there will be aweak, modulated, radio - 
frequency voltage induced in the antenna. The antenna circuit is 
completed to ground through the primary of the R.F. transformer L1; 
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hence, a modulated radio -frequency burrent will flow through L . 

As this current passes through L1, it causes a corresponding magnetic 
field to be setup around it. The secondary of the R.P. transformer, 
L , is located within the varying magnetic field around the primary; 
'thus, there will be a modulated radio -frequency voltageinduced in 
the secondary winding. The secondary L2 has a variable condenser, C connected across it. The condenser C1, in conjunction with 
the inductance L2 forms a resonant circuit. When the capacity of 
C is adjusted until its reactance is equal to the coil's reactance 
at the frequency desired to receive, the current flow thronghi,the 
series resonant Circuit-(L2C1) will be opposed only by the retis- 
tance of the circuit. This results in a large amount of radio-fre-- 
guency current flowing in this series resonant circuit and corres- 
pondingly large voltage drops will be developed across it. 

A complete description of a series resonant circuit was covered 
in Lesson 14. Therein it was found that the voltages produced 
across a series resonant circuit were'greater than the initial 
voltage applied. For this reason, the modulated'radlo-frequency 
voltage produced across L2C1 will be higher in amplitude than the 
radio -frequency voltage originally induced in L2 from the primary.. 
The wave form however, has not been changed; so the original modu- 
lation is still present on the higher -amplitude R.F. voltage. This 
phenomenon'is'often referred to as "gain in a resonant circuit"; 
it should be'remembered as one source of voltage amplification in 
any radio -frequency circuit. 

The -modulated R.F. voltages across 'the resonant circuit are 
sow applied to the remainder of the circuit, coñsistingof the 
crystal, the headphones, and the filter L C . The electrical prop- 
erties of the crystal are of considerable importance. It has been 
found that certain natural -occurring minerals, snob as galena (lead 

1 In some diagrams, of crystal detector circuits the R.F. choke, l) is sham In 
series between the crystal and the phones; either position gives equivalent results. 
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sulphide), iron pyrites (iron sulphide), carborundum, molybdenite, 
etc., possess the property of allowing an electric current to pass 
through them easily in one direction, but of offering a high resis- 
tance to the passage of current in the opposite direction. These 
crystals, as they are called, compare in this respect to the copper - 
oxide contact rectifier which was studied in Lesson 16. It will 
be recalled that current flows easily from the copper to the oxide, 
but with great difficulty from the oxide to the copper. Similarly, 
current can easily flow from the crystal to the cat -whiskers, but 
with great difficulty frcm the cat -whisker to the crystal. This 
property of the crystal provides the necessary rectification which 
was previously given as one of the essential operations for detec- 
tion. 

Referring again to Fig. 4, when the R.F. voltage across the 
resonant circuit is in such a direction as to make the bottom (Y) 

of the resonant circuit minus, and the top (X) plus, current will 
flow from the bottom of the resonant circuit through L,, the head- 
phones, through the crystal, and return back to the top of the 
resonant circuit. On the next alternation, the top of the resonant 
circuit (X) is minus and the bottom (Y) is plus. A voltage is now 
applied across the crystal in the direction opposite to that which 
it is capable of passing current. For this reason, no current will 
flow on these alternations of the modulated R.F. voltage across the 
resonant circuit. Rectification is thus accomplished by the selec- 
tive action of the crystal. The rectified -modulated carrier waves 
are shown at C below the diagram in Fig. 4. 

As the rectified -modulated R.F. current attempts to flow from 
Y to X, it encounters the filter circuit, consisting of the induc- 
tance, L,, and the capacity C,. These inductance and capacitance 
values are chosen so as to constitute a low-pass filter. Generally 
the inductance is from 5 to 50 millihenries, and the capacitance 
around .00025 microfarads. Calculation of the inductive and capa- 
citive reactance of these two parts will show that the inductance 
offers a high opposition to the passage of a high -frequency current 
(in the neighborhood of 1,000 kilocycles), but a low opposition to 
the passage of an audio -frequency current (around 2,000 cycles). 
The capacitance, on the other hand, offers a relatively low imped- 
ance path for the radio frequency, but a high impedance path for 
audio frequency. Considering the opposite characteristics of these 
two parts, it is evident that the low -frequency component of the 
rectified waves will pass through the inductance Ls, through the 
headphones, and return to the top of the resonant circuit (X) through 
the crystal. The high -frequency component due to the low -capacitive 
reactance of the condenser Cº, and the high inductive reactance of 
the inductance L,, will pass through the condenser Cº and return 
through the crystal to the top of the resonant circuit. 

Thus the inductance Ls and the capacitance Cº serve to filter 
the rectified waves produced in portion C of the detector circuit, 
and allow only the average value as shown at D to pass through the 

I The .cat whisker' Is the fine wire used to make contact with the desired spot 
on a crystal. 
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headphones. It will be noticed that the wave form of the current 
which passes through the headphones varies in amplitude exactly 

as the modulated radio -frequency voltage that was -induced in the 

antenna. This current, then, represents the audio frequency which 

we desire to reproduce. As the audio -frequency current passes 

through the windings of the headphones, it causes their diaphrams 

to be set into vibration and audible sound waves are produced. 
Before leaving the crystal detector circuit, it is well to 

point out a few of its characteristics. Due to the extreme simplicity 
of the circuit, it is easy to construct. Consistent headphone re- 
ception operation may be secured if the set is located sufficiently 
close to a broadcast station. The only amplification obtained in 
the entire circuit is the gain in voltage across the resonant cir- 
cuit; hence, the sensitivity is very low and all possible precautions 
must be taken to prevent the loss of radio -frequency energy. A 

long, high antenna must be erected to pick up as much signal volt- 
age as possible and low -resistance coils and wiring must be used 

throughout. The headphones must be sensitive for satisfactory 
operation and the crystal should be a high-grade type. 

It is possible to remove the inductance Ls and the capacity 
C, from the crystal detector circuit and still obtain reception 
in the headphones. At first thought, this may seam rather absurd 
because it is essential to provide a filter circuit to separate 
the audio- and radio -frequency components. After the removal of 
the actual filter circuit, by necessity other inductance and capa- 
city distributed throughout the detector circuit are required to 
perform this job. The coil windings in the headphones (see Fig. 5) 
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serve in place of the removed inductance, and the capacity distributed 
throughout the circuit wiring and in the headphones takes the place 
of C2. The filtering is not as efficient as before and the tone 
quality suffers to a certain extent, but the audio -frequency sound 
waves will still be heard from the phones. 

Ordinarily, well -constructed crystal detector receivers pro- 
duce excellent tone quality; however, its disadvantages-lack of 
sensitivity and lack of selectivity-have been responsible for its 
obsolescence. 

5. DIODE DETECTOR CIRCUITS. One of the first applications of 
the vacuum tube to radio was its use as a diode detector. The 

8 



"Fleming Valve" was used as a detector for many years before the 
three -element tube was perfected. The two -element tube (diode) 
was merely substituted in place of the formerly used crystal. The 
main advantage gained by -substituting the diode for the crystal was 
that lore complete rectification of the modulated R.F. signal volt- 
age was secured. Crystal formations, like the copper copper -oxide 
rectifier; have a tendency to allow current to pass through them 
in the reverse direction to a certain extent. When this occurs 
in a detector circuit, the efficiency of the circuit is- somewhat 
decreased, which results in a lower amplitude of audio -frequency 
output. The use of a two -element tube as the rectifier entirely 
eliminates the flow of current on the reverse alternation, thus 
the amplitude of the average value of the rectified wave is in- 
creased and a greater audio -frequency output is secured. 

The diode detector is of great importance in our study of 
Radio and Television because, at the present time, this method 
of detection is more popular in modern radio receivers than any 
other. Prior to 1914, nearly all commercial receivers used either 
the grid -leak or grid -bias method of detection, so it is interest- 
ing to -note the return of the formerly discarded diode detector. 
Several reasons are associated with its use in modern receivers and 
these will be pointed out in future lessons. 

X . Diode Detector 

110,1 
AC 

1 1 

. 

1 

1 e I 
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Fig.6 Circuit diagram of a diode detector. 

A simple circuit illustrating the construction of a diode de- 
tector is shown in Fig. ó. A modulated R.F. signal voltage is de- 
livered to the primary L1 of the R.F. transformer. This modulated 
R.F.. signal voltage may be secured directly from an antenna or pos- 
sibly from the output of an R.F. 'amplifier. Regardless of its 
origination, the modulated R.F. current passing 'through L1 will 
create magnetic field variations around the winding which out through 
the turns'of L, and induce a modulated R.F. voltage therein. Lt 
is in parallel with the variable condenser C1; hence, when these 
two reactances are made equal at the frequency desired to receive, 
the resonant circuit will 'offer only resistance as opposition to 
the flow of a modulated R.F. curre,tt between them. The flow of a 
radio -frequency current between the inductance L, and the capacitance 
C1 results in modulated R.F. voltages appearing across the series 
resonant circuit. If the bottom .(T) of the series resonant cir- 
cuit is negative and the top positive, current will flow through 
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La, the headphones, through the tube from the cathode to the plate, 
then return to the.top of the series resonant circuit (X). On the 
negative alternation of the R.F. signal voltage, when the top of 
the resonant circuit is negative and the bottom positive, current 
cannot flow because it is impossible for current (electrons) to 
flow from the plate to the cathode through a vacuum tube. Recti- 
fication is thus secured through the actionor the two -element tube. 

As the rectified -modulated R.F. wave shown at C encounters the 
filter circúit consisting of L. and C,, a separation of the low - 
frequency ánd high -frequency components of this wave occur. The 
higher -frequency component (R.F.) finds an easier path through the 
capacity C,, and the lower frequency component (A.F.) encounters 
least opposition when passing through the inductance L,. This di- 
vision of the two components of the rectified wave results entirely 
from the relative reactances of the inductance and capacity. 

Since the audio -frequency component (average) takes the path 
through L the phones, and the tube, the diaphrams of the headphones 
are caused to vibrate in exact accordance, thus producing the de- 
sired sound waves. 

As in the crystal detector circuit, it is possible to remove 
the inductance L, and the capacity C, from the circuit and still 
obtain reception. Extracting these constants does not necessarily 
remove all the filter effects from the circuit because there still 
persists inductance and -capacity in the headphone windings to take 
the place of L, and to serve the same purpose as C,. 

All toil windings possess a certain amount'of "distributed 
capacity"., unless they have been. especially designed. Each of the 
turns on a coil is insulated from those surrounding it by a varnish 
or enamel coating or by a fabric covering such as cotton, silk, 
cambric, etc. These insulated turns are nearly always close enough 
together to canse a measurable "capacity effect" to exist between 
them. The small capacities formed between the individual turns 
are additive, so the total capacity possessed by the entire coil 
winding becomes quite large when there are hundreds or thousands 
of turns on the coil. This total "distributed capacity" is really 
in parallel with the coil's windings and tends to counteract the 
effect of the coil toward retarding the passage. of an AC current. 
A headphone winding consists of several hundred insulated turns of 
fine wire, and its distributed capacity is sufficiently high to 
by-pass the R.F. component of the rectified signal current in case 
the filter condenser C, is removed. 

Any three -element tube can be used as a diode detector (two - 
element detector) by connecting the grid to the plate, the grid to 
the cathode, or the plate to the cathode. 

6. DETECTION WITH THREE-BW92IT TUBES. The advantage of us- 
ing a three -element tube as a detector is that amplification of 
the signal is obtained as well as demodulation. This increases 
the detector sensitivity, which was previously stated as being an 
important requisite of any detector circuit. 

Triode detectors are divided into two general classifications; 
namely, grid -bias detectors, and grid -leak detectors. In a grid - 
bias detector circuit, all of the demodulation occurs in the plate 
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circuit of the tube, whereas, in a grid -leak detector, the signal 
is rectified in the grid circuit, then filtered in the plate circuit. 
Both of these methods of detection will be described in detail in 
subsequent paragraphs of this study. 

To prepare fora thorough understanding of the grid -bias method 
of detection, it is necessary to examine the grid voltage -plate 
current characteristic curve for a typical three -element tube. In 
connection with vacuum tube amplification (Lesson 12), this curve 
was studied purely from the standpoint of obtaining undistorted 
voltage amplification. At this time, we shall see how this same 
type tube can be used as a detector. 

Fig.] Operating a tube 
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the Eg-Ip curve for am- 
plification. 
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In Fig. 7, the grid voltage -plate current characteristics of 
a typical three -element tube are shown. On this graph, the operating 
point has been placed at the center of the straight portion of the 
characteristic curve (point X); hence, the tube will function prop- 
erly as a voltage amplifier when a signal voltage is applied to the 
grid circuit. Since this tube is working on the straight portion 
of its characteristic, even changes in grid voltage above and be - 
lope the no -signal, grid -bias value (3 volts) will cause correspond- 
ing even changes in plate current. It will be noticed from the 
graph that when the grid voltage is decreased to -1 volt, the plate 
current increases to 1 milliamperes, and when the grid voltage is 
increased to -5 volts, the plate current is decreased to 5 milli- 
amperes. These points are marked 1 and 2 respectively on the grid - 
voltage and plate -current variations. As long as the signal volt- 
age applied to the grid circuit remains constant in amplitude, each 
increase in plate current above normal and each decrease in plate 
current below normal will be of equal amplitude; hence, the aver- 
age value of the plate current will remain constant at 9 milliam- 
peres. By the average value of the plate current, we mean the av- 
erage of the increases and decreases or the value which will be in - 
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dicated on a milliamaeter connected in the plate circuit. Fig. 8 

shows an outline circuit diagram of this amplifier tube. With an 

applied grid 'signal voltage as 'shown in Fig. 7, the average plate 

current on the milliammeter in the plate circuit will remain con- 
stant at 9 milliamperes. The plate current variations are similar 
in waveform to the voltage variations applied to the grid. This 

condition must exist for undistorted amplification. 
By using. this same circuit, and making only one change, it is 

possible to alter the relationship between the grid voltage and the 

plate current. This change consists of increasing the negative 

bias. applied. to the grid. The graph in Fig. 9 shows the operating 
point at Y on the characteristic curve. With --8 volts applied to 

the grid, only 1 milliampere of plate current will be flowing when 
no 'signal voltage is applied to the grid circuit. Now let us assume 
that the same signal 'voltage is applied to the grid circuit as be- 
fore, making the grid first less negative by 2 volts, then more 
negative by 2 volts. On the first alternation, as the grid is 

made less negative,l-'the plate current will rise to approximately 

31 milliamperes. On the negative alternation of this signal volt- 

age, the grid is increased to -10 volts, at which time the'plate 
current decreases to approximately ú of a milliampere. Succeeding 
cycles of the grid voltage excitation will cause corresponding 
changes in plate current since the amplitude of the grid exciting 
voltage remains constant. 
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Under these conditions of operation, the average plate current 
will not be the same as the plate current which flows when no volt- 
age is applied to the grid circuit. Whereas only 1 milliampere 
of plate current was flowing with no grid signal voltage, the aver- 
age plate current will be approximately 2 milliamperes when the 
signal voltage is applied. The average is secured by adding the 
maximum plate current to the minimum plate current, then dividing 
by 2. Using the values on the graph in Fig. 9, the maximum plate 
current was 14, the minimum was J. Adding, we have g3 + = 4. 
4 = 2 = 2 (average plate current). 

It will be noticed that the average value of the plate current 
increased above the normal no-signal plate current. An investiga- 
tion of the characteristic curve will reveal the reason for this 
increase. Upon increasing the negative bias to -8 volts, the oper- 
ating point was shifted from the straight portion of the grid volt- 
age-plate current characteristic to the curved portion. When oper- 
ating on the curved portion of the characteristic, the relation 
between grid-voltage and plate-current variations is not linear, 
which means that changes in grid voltage will not cause correspond- 
ing changes in plate current. This non-linearity relationship re- 
sults in greater plate current increases above normal than decreases 
below normal, with the over-all result that the average plate cur- 
rent rises. 

Fig.10 Diagram to show 
that the average plate 
current increases above 
normal when grid signal 
voltage is applied. 

Average 
Current 

on MA 

is 2 Me 

The circuit shown in Fig. 10 is the same as shown in Fig. 8, 

except that the negative bias is increased. When the grid signal 
voltage is applied in Fig. 10, the plate current will be 2 milli- 
amperes and when the signal voltage is removed from the grid cir- 
cuit, the plate current. will drop to 1 milliampere. 

The discussion involving Figs. 8 and 10 assumed that the grid 
exciting voltage remained constant in amplitude. Now let nsinvesti- 
gate the conditions which would exist if the grid exciting voltage 
were varied in amplitude. This would be the case if a modulated 
R.F. signal voltage were being applied. The characteristic curve 
Shown in Fig. 11 is a duplicate of those -in Figs. 7 and 9, and the 
operating point is placed at the same position as in Fig. 9. With 
only the negative grid bias of -8 volts applied to the grid, there 
will be 1 milliampere of plate current flowing. The signal voltage 
applied to the grid in Fig. 11 varies from 1 volt on each alterna- 
tion to 4 volts on each alternation, gradually rising from minimum 
to maximum, then decreasing back to minimum. When studying this 
figure, keep in mind that amodulated R.F. wave varies it this same 
manner. On the positive alternation of the first cycle of grid 
exciting voltage, the grid is made -7 volts negative and the plate 
current rises to 2 milliamperes., On the negative alternation of 
this first cycle, the grid is made -9 volts, causing the plate cur- 
rent to decrease to approximately ¡ milliampere. The next posi- 
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tive alternation (3) will cause a plate current increase to about 
sa milliamperes, and the next negative alternation (4) will cause 
a plate current decrease to zero. The peak of the next posi-' 
tive alternation (5) -causes the plate current to rise to 5 milli- 
amperes and the negative alternation of this cycle causes the plate 
current to cut off entirely. The succeeding alternations of the - 

grid, exciting voltage should be studied and the corresponding varia- 
tions produced in plate current observed from the graph. 

'The late current pulses. are considerably different from those 
in Figs. 7 and 9. When the grid exciting voltage varies in ampli- 
tude, the pulses produced in plate current will change, but the 
wave form of the plate current pulses ,is not similar to the have 
fora of the grid, voltage excitation. The average value of the 
plate current changes will increase as the amplitude of the pulses 
increases, and will decrease as the amplitude of the pulses de- 
creases..'flence, if the amplitude of the grid excitation varies, 
the average value of the plate current, as measured on a plate cur- 
rent milliammeter, will likewise change, (this is assuming that 
the amplitude variations are sufficiently slow for the needle on 
the milliammeter to follow). Fig. 12 shows the circuit associated 
with the graph in'Fig. 11, and, as indicated, the average current 
on the plate circuit milliammeter will vary with the amplitude of 
the grid signal voltage. - 

By close observation, it can be seen that the circuit shown 
in Fig. 12 is operating as both a rectifier and -amplifier. The. 
-graphical analysis in Fig. 11 serves to illustrate this. The tube 
is operating as a rectifier because it is 'suppressing the negative 
alternations of the grid exciting voltage, and is working as an 
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amplifier because it is reproducing and. increasing the positive 
alternations. When any vacuum tube is operated in an over -biased 
condition, the AC voltage applied to the grid circuit will be rec- 
tified, due to the fact that the operating point is on the curved 
portion of the grid voltage -plate current characteristic. When 
worked on this curve, the decreases of plate current will never 
be as high in amplitude as the increases, and the resulting recti- 

FIg.12 The average plate 
current will vary with the 
amplitude of the grid sig- 
nal voltage In this circuit. 

I 
at 

Average 
Current 

M varies 
with 

R Signal 

fication takes place. The rectifying action is not perfect (that 
is, not complete) because on the negative alternations of the grid 
exciting voltage, there is still a little plate current flowing. 
When the grid potential becomes excessively negative, however, the 
plate current is "cut off" entirely. As this rectification occurs, 
the average value of the plate current will rise and fall with the 
increases and decreases in amplitude of the grid exciting voltage. 
Simultaneous with this rectification, amplification of the positive 
alternation of the grid exciting voltage occurs because of the in- 
herent amplifying ability possessed by any triode tube. 

Type 76 

Fig.i) Typical grid - 
bias detector circuit. 

-eV r e- e+ 

7. GRID BIAS DETECTION. The discussion just concluded illus- 
trates the operating conditions necessary for grid bias or "plate" 
detection. It is obvious that the bias voltage must be adjusted 
until the operating point is well down on the curved portion of the 
grid voltage -plate current characteristic curve. When adjusting 
the grid bias voltage, bear in. mind that the plate voltage also 
affects the plate current; hence, these two voltages (both plate 
and grid) must be properly adjusted to set the operating point at 
the desired position on the curve. It is assumed that normal fila- 
ment or heater voltage is applied to the tube during these volt- 
age adjustments, and that the heater voltage does not change dur- 
ing operation. 

The circuit diagram of a complete grid bias detector circuit 
is shown in Fig. 19. The modulated R.F. voltage induced in the 
antenna will cause a modulated R.F. current to pass through the 
primary L, of the R.F. transformer. This modulated R.F. current 
will set up a changing magnetic field which induces a correspond- 
ing modulated R.F. voltage across the secondary L,. By varying 
the capacity of CI, the circuit maybe properly adjusted to receive 
the signal from the desired station. Modulated R.F. voltages will 
then appear across the resonant circuit. These modulated R.F. 
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voltages are between the negative side of the S -volt C battery and 

the grid of the tube; hence, they will he superimposed upon the 

steady DC bias voltage and cause the grid potential to vary in ex- 

act accordance. These grid potential variations are shown on the 

graph in Fig. 14. 

3sType 76 I;; 
f - 6.3V ;, 
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Fig.ta Showing rela-- 
tion Detgeen grid signal 
voltage and plate current 
variations in grid -bias 
detector circuit. 

A type 76 tube is being used in this grid -bias detector cir- 

cuit. When a plate voltage of 100 volts is applied to this tube, 

a grid bias voltage of -8 volts is necessary in order to place the 

operation on the curved portion of the characteristic curve. The 

operating point is X in Fig. 14. As the grid potential is made 

less negative, the plate current rises, and as the grid potential 

is made more negative, the plate current will decrease. The de- 

crease, however, will not be in proportion to the increase, due 

to the curvature of the tube's characteristic throughout this region. 

The resultant plate current will flow in the form of pulses, the 

pulses reaching a high value on the peaks of the positive alterna- 

tions, and reaching a low value as the amplitude of the modulated 

R.F. voltage applied to the grid decreases. From previous dis- 

. cussion, we know that the average plate current flowing through 

the plate circuit will rise and fall with the amplitude of the 

plate current pulses. The average plate current is shown by the 

dotted line in Fig. 14. 

Now refer to Fig. 15. At A in Fig. 15, the instantaneous plate 

current pulses are shown exactly as they appear on the graph in Fig. 

14. In order to eliminate the R.F. pulses or "ripples" in the 

plate current, it is necessary to rrovide a filter circuit that is 

capable of smoothing these pulses into their average value. Such 
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Fig.15 (A) Instantaneous plate current pulses created in the 
plate circuit. The dotted line is the average value. 

(e) Average plate current changes after filter has re- 
moved the R.F. pulses. This is same as dotted line in (A). 

a filter circuit is shorn in Fig. 11, consisting of the R.F. choke' 
L, and the by-pass condenser C2. The values for L. and C, are 
properly chosen so as to constitute a low-pass filter. A low- 
pass filter will permit the lower -frequency component to pass through 
the choke and cause the high -frequency component to be by-passed 
through the condenser. As a result of this plate circuit filter, 
the actual current which passes through the inductance La will 
appear as shown at B in Fig. 15. It can be seen that'the average 
current passing through La increases and decreases in amplitude 
in exact accordance with the modulation impressed on the incoming 
signal. Of course, this represents the audio frequency which. we 
desire to reproduce. For the plate current to complete its cir- 
cuit, it must pass through the headphones and the bleeder resis- 
tance R, then return back to the cathode (plate current flows from 
cathode to plate through a vacuum tube). As this audio -frequency 
current passes through the headphones, it causes the diaphrams 

.to vibrate at a corresponding rate. Vibration of the diaph rams 
sets up sound Waves which are audible to the ear. 

Assuming that there has been no distortion produced, the sound 
waves emanating from the headphones will be exactly the same as 
the sound waves originally impressed on the carrier wave. 

From this discussion, it is evident that a grid -bias detector 
circuit is capable of rectifyini and amplifying the incoming modu- 
lated R.F. signal. Since amplification is obtained, the detector 
sensitivity will be quite high. This type of -detection is often 
called "plate detection" because all of the demodulation takes 
place in the plate circuit of the tube. In the discussion to fol- 
low on grid -leak detection, it will be found. that rectification 
of the signal occurs in the grid circuit of the tube and the filter- 
ing occurs in the plate circuit. For this reason, the grid -leak 
detector circuit is often called a "grid -circuit" detector. 

Grid - bias detection experienced considerable popularity in 
broadcast receivers for several years. The general trend in radio 
receiver design at the present time is toward a.revived use of the 
diode detector circuit. 

8. GRID LEA[ DETECTION. A typical grid -leak detector circuit 
is shown in Fig. 16. A filament type tube is being used in this 

When an air -core coil offers an excessively high opposition to the passageof 
an R.F. current, It is called an R.F. choke.. 
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circuit, whereas, it has been customary in preceding diagrams of 
this lesson to employ the cathode type. The object for using the 

filament type tube is to simplify the explanation. After the ex- 
planation of this circuit has been concluded, the adaption of the 

cathode type tubes for grid -leak condenser circuits will be dis- 
cussed. 

B- B+ 

The appearance of the plate circuit in the grid -leak detector 

is the same as the grid -bias detector circuit; however, the grid 
circuit has been altered considerably. It will be noticed that 

the lower end of the resonant circuit is connected to the positive 
side of the filament battery, and that the upper end of the resonant 
circuit is not connected directly to the grid of the tube. The 
condenser C, in series to the grid of the tube is called the ¡rid 
condenser, and the resistance R, connected across this condenser 
is called the ¡rid -leak resistance. Rectification of the incoming 
signal depends entirely upon the characteristics of this grid cir- 
cuit. The rectified signal voltages applied to the grid of the 
tube will appear amplified in the plate circuit. When the modulated 
R.F. signal voltage is applied to the grid circuit, the average 
potential of the grid will vary in direct accordance with the varia 
tion in amplitude of the incoming signal. These grid voltage varia- 

tions will appear amplified in the plate circuit, and the plate 
circuit filter L,C, will remove the radio -frequency ripples in 

plate current, thus allowing only the.average or audio frequency 
to pass through the headphones. The only difference between this 
type of circuit and those previously studied is the manner in which 
rectification occurs in the grid circuit. This action will now be 
explained. 

First, note that the bottom of the resonant circuit is con- 
nected tó the positive terminal of the filament battery. Since 
the positive terminal of the filament battery is 6 volts positive 
with respect to the negative side of the filament, the grid will. 
tend to at a 6 -volt positive potential with respect to the nega- 
tive side of the filament. With the grid made positive, a flow 
of grid current occurs, taking the path from the filament to the 
grid, through the grid -leak resistance, through the coil L then 
back to the filament battery. As the grid current flows through 
the grid -leak resistance R1, a voltage drop is produced across it 
with the right side negative and the left side positive. A volt- 
age across the grid -leak resistance in this direction tends to make 
the grid of the tube negative with respect to the negative side of 
the filament. Hence, we have two forces simultaneously tending to 
adjust the potential of the grid with respect to the negative side 
.of the filament. The voltage drop across the grid leak resistance 
tends to make the grid negative, whereas the connection to the pos- 
itive terminal of the filament battery tends to make the grid posi- 

Fig.16 Grid-leak de- 
tector circuit. 
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tive. The overall result of these two forces is to establish a 

compromise in such amanner that both are properly'satisfied. This 
compromise generally occurs when the grid potential is only a few 
tenths of a volt positive with respect to the negative part of the 
filament. A slight amount of grid current flows continuously through 
the grid circuit when no signal voltage is being applied and there 
is a normal voltage drop across the grid leak resistance R, nearly 
equal in value to the voltage of the filament battery. The grid 
current flowing with no signal voltage applied is extremely low, 
being in the neighborhood of a few microamperes. 

Rectification in the grid circuit 3f the tube depends on the 
fact that current can easily flow from filament to grid, but not 
from grid to filament. A grid voltage -grid current curve for a 
type 201-A tube is shown at A in Fig. 17 The operating point has been 
arbitrarily laced at .4 of a volt and an unmodulated radio-fre- 
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Fig.17 (A Grid signs voltage 's constant in amplitude, so the 
average grid current remains constant. 

(e Grid signe voltage varies in amplitude (modulated); 
so the average grid current varies in accordance. 

quency signal voltage applied to the grid circuit. Since the Eg-Ig 
characteristic is not a straight line, the positive alternations 
of the grid signal will cause greater increases in grid current 
than the negative alternations cause decreases in grid current. 
This results in the average grid current being higher in value when 
the grid signal is applied than the normal grid current which flows 
when no signal voltage is applied to the grid circuit. Notice 
that when the amplitude of the R.F. signal voltage does not change, 
the average grid current remains constant. This produces a volt- 
age drop of constant value across the grid -leak resistance, hence 
a steady bias on the grid. 

When the incoming R.F. signal voltage is modulated with an 
audio frequency, the instantaneous grid current appears as shown 
at B in Fig. 17. Since these pulses are varying in amplitude, the 
average grid current changes in accordance; that is, at an audio - 
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frequency rate. As these average A.F. grid current changes pass 
through the grid -leak resistance, corresponding voltages will be 
developed across it, thus changing the average grid bias in accord- 
ance with the modulation on the incoming R.F. signal. This action 
will now be explained in greater detail. 

A modulated R.F. voltage induced in the antenna will cause a 

corresponding R.F. current to pass through the inductance L1 to 

ground. By mutual induction, a corresponding voltage will appear 
across L2. The secondary L2, in conjunction with the variable con- 
denser C1, forms a resonant circuit whereby selectivity of the de- 
sired station may be secured. The modulated radio -frequency volt- 
ages appearing across the resonant circuit are now applied to the 
grid circuit of the tube. Let us assume that the wave form appears 
as shown in Fig. 18. Since the grid of the tube is already slight- 
ly positive, the positive alternation of the first R.F. cycle of 
the incoming signal will cause the grid to draw an increased cur- 
rent. This increased grid current must pass through the grid -leak 
resistance R1. On the negative alternation of the incoming radio - 
frequency signal, the positive potential of the grid is decreased. 
If the incoming signal is sufficiently strong, the grid potential 
will be made zero or even negative with respect to the negative 
side of the filament Under these conditions, the grid current 
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Fi9.18 Modulated R.F. voltage 
applied between grid and fila- 
ment. 
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Fig 19 Grid current pulses. 
Rectification occurs because 
grid current can flow in only 
one direction 

will be decreased, dropping to zero when the grid is made negative. 
The next positive alternation of the incoming signal is higher in 
amplitude than the preceding one; hence, the grid is made more 
positive and more grid current will flow than on the previous posi- 
tive alternation. The next negative alternation will drive the 
grid of the tube more negative than before; hence, no grid current 
will flow. Thus, grid current flows on the positive alternations 
of the incoming signal, and decreases to zero on the negative al- 
ternations. Rectification of the incoming signal is taking place 
insofar as the relationship between the grid voltage and the grid 
current is concerned. The pulses of grid current created in the 
grid circuit appear in wave form as shown in Fig. 19. The ampli- 
tude of the grid -current pulses rise and fall in direct accord- 
ance with the modulation impressed on the incoming signal. Now 
let us see what happens when these grid current pulses pass through 
the grid -leak resistance R1. R1 is always a very large resistance, 
generally several megohms; therefore, this resistance offers a 
tremendous opposition to the passage of a current through it. Even 
though the resistance is high, if a slight amount of current is 
successful in passing through R1, the voltage drop produced across 
it (E = I x R) will be rather high. The presence of the grid con- 
denser C2 in parallel with the grid -leak resistance prevents the 
grid current from flowing through R1 in the form of pure pulses as 
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shown in Fig. 19. As the current through R1 increases and the 
voltage. across it becomes greater, thenthe condenser C, becomes 
charged. In charging, electrons -are accumulated on the right plate 
of the condenser and driven from the left plate. This higher volt- 
age', across the grid condenser -causes the grid potential to be made 
more negative with respect to negative filament then previously. 
Now as the pulse of grid current recedes, condenser C, should dis- 
charge. To discharge, electrons -lust pass from the right plate 
through the resistance R1 to' the left plate. Due to :the several 
segohis resistance -offered by R1sC, cannot become completely digs- 

. charged during the small fraction of a second required for the grid 
current pulse to decrease to zero, Since C, is not allowed, to dis- 
charge, the potential of the grid will not return to its previous 
positive value. The next positive alternation of the incoming sig- 
mal voltage is higher in amplitude than the preceding alternation, 
and a greater amount of grid current will flow. This higher grid 
current will develop a higher voltage drop across the grid leak 
resistance R1, thus causing condenser C= to become charged to a 
higher voltage. During the fall of the second positive alterna- 
tion, again the grid condenser is not permitted to completely dis- 
charge, thus causing thé average potential of the grid to be in- 
creased in the negative direction: Succeeding pulses of grid cur= 
rent 'cause a similar action to occur and when. the maximum amplitude 
of the modulated R.F. signal voltage -is reached, the average poten- 
tial of the grid has been made considerably negative. In effect, 
the action of the grid leak -grid condenser has been to partially 
smooth the.R.F. grid current pulses through R1 into their average 
value. The average "negative drift" in grid potential follows 
directly with the increase in,amplitude of the R.F. signal voltage; 
hence, it may be stated that the average grid potential has been 
made increasingly negative at en audio -frequency rate. This aver- 
age increase in negative grid potential causes the average plate 
current to be decreased from its normal no -signal value in direct 
accordance. The tube is operating over the straight portion of 
its grid voltage -plate current characteristic curve. 

FIp.20 Showing the re- 
lation between the grid 
signal voltage and the 
plate current in a grid- 
lsSk detector. 
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As the incoming, modulated, radio -frequency voltage decreases 
in amplitude, the 'successive cycles will not cause as much volt- 

age to be applied to the grid on each positive alternation; there- 
fore, less grid current will flow on each positive alternation. 
The lower grid current will produce lower voltages acroés the grid - 
leak resistance,and ample time will be available for the grid con- 
denser to properly discharge through this resistance. This allows 
the average grid potential.to gradually return to normal because 

the electrdas which were accumulated as the amplitude of the R.F. 
signal increased, are now permitted to "leak" through the high re- 
sistance and return to the filament. As the average grid potential 
returns to 'its initial no -signal value, the average plate current 
will'likewise return to its normal value because the tube is work- 
ing on the 'straight portion of its grid voltage -plate current char- 
acteristic. 

Ip Changes After R.F. 
Ripples are Filtered 

Fig.21 Appearance of 
the plate current after 
the filter has removed 
the R.F. pulses. 

GRID VOLTAGE 

The manner in which the grid voltage variations affect the 
plate current can bé seen by reference to Fig. 20. Starting with 
a slightly positive bias, the average potential of the grid is 
driven back in a negative direction, thus causing the average plate 
current to decrease in acoordance. Bear in mind that the tube is 
operating on the straight portion ofits grid voltage -plate current 
characteristic. Fig. 21 shows the appearance of the plate current 
changes after the radio -frequency "ripples" have been filtered out 
by the plate -circuit filter. The plate -circuit filter consists of 
Ls and CI, in Fig. 16. 

By inspection, it can be seen that the resulting plate -current 
variations shown in Fig. .21 follow with the changes in amplitude 
of the incoming signal (Fig. 18). Raving secured plate current 
changes through the headphones which vary in exact accordance. with 
the amplitude of the incoming modulated radio -frequency signal, the 
process of detection has been completed. The signal has been recti- 
fied in the grid circuit by the action of the grid leak and grid 

Fig.22 Grid-leak de- 
tector with the grid- 
leak resistance R1 con- 
nected directly from thi 
grid to the filament. 
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condenser, then amplified and filtered in the plate circuit, thus 
completing the demodulation and the audio frequency may be heard 
from the headphones. 

de- 
tector using a cathode 
type tube. 

9. ADDITIONAL GRID - LEAH DETECTOR CIRCUITS. The grid -leak . 

detector circuit shown in Fig. 22 is the same as Fig. 16, except 
that the grid -leak resistance R1 is connected directly from the 
grid to the positive side of the filament instead of across the 
grid condenser C,. The operation of the grid -leak detector circuit 
is not affected in any manner by this change in the position of 
the grid -leak resistance. The grid current must pass through the 
grid -leak R1 in Fig. 22, and the grid condenser C, must charge and 
discharge through R1 the same as before. In Fig. 22, the secondary 
L, is also in the discharge path of C,; however, its resistance is 
negligible. Either method of connecting the grid resistance is 
satisfactory, both giving practically the same operation. 

Fig. 25 shows a grid -leak detector circuit employing a cathode 
type tube. In this case, the grid -leak resistance R1 and the bot- 
tom of the resonant circuit are both returned directly to the 
cathode. When using a cathode type tube, the grid is generally 
held at a slightly negative potential with respect to the catho d e 
instead of being slightly positive, as was assumed in the preceding 
explanation. This has no particular effect on the operation of 
the grid -leak detector circuit. It may seem rather peculiar that 
grid current will flow through the grid -leak resistance when the, 
grid is slightly negative with respect to the cathode; however, 

this is precisely the existing condition. In Lesson 12, the fact 

was mentioned that when the electrons are being attracted to the 
plate, they must pass through the grid. If thegrid does not offer 
sufficient repulsion, some of these electrons will strike the grid 
wires and a slight flow of grid current will result. This always 
occurs when the grid is at the same potential as the cathode, and 
it has been found that in a type 27 tube, a measurable grid current 
flows until the grid potential is at least 1 volt negative with re- 
spect to the cathode. Other tubes which differ in construction 
have different characteristics, and in some it may be found that 
a measurable grid current flows when the grid potential is even 
more than 1 volt negative. The grid voltage grid current character-. 
istic curve for a type 27 tube, when the grid is negative with re- 
spect to the cathode, is shown in Fig. 24. When this tube is being 
used in a grid leek detector circuit, the size of the grid -leak re- 
sistance is generally chosen so that the tube is operated with a 
normal negative grid potential of approximately .1 of a volt. 

10. CONPARIS3N OF GRID -LEA: AND (RID -BIAS 4111.1,(10N. In a 
grid -bias detector circuit, the normal current which flows through 
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the plate circuit when no signal voltage is applied to the arid, 

is rather low because of the high negative bias -employed. Converse- 

ly, in a grid -leak detector circuit, the normal no -signal plate 

current will be rather high because the normal grid bias will be 

very close to zero, either slightly positive or negative. 

In a grid -bias detector circuit, the application of a modulated 

radio -frequency signal voltage to the grid circuit causes the aver- 

age plate current to rise, whereas in a grid -leak detector circuit, 

the application of the signal voltage results in an average plate 

current decrease. 
The sensitivity of a grid -leak detector circuit is much great- 

er than the grid -bias type, because the full amplifying ability of 

the tube is realized in the former case. Amplification of the 

R.F. signal is obtained in a grid-bias'detector, but due to the 

fact that this amplification takes place near the bottom of the 

characteristic curve, it will not be nearly as such as that obtained 

with the grid -leak detector, where the tube is operating over the 

linear portion of the grid voltage -plate current characteristic 

curve. 
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When a comparatively strong radio -frequency signal voltage is 

applied to the grid circuit of a grid -bias detector, less distor- 

tion will appear in the plate circuit than when a corresponding 
signal voltage is applied to the grid circuit of a grid -leak detec- 
tor. It is mainly for this reason that grid -bias detection sup- 
planted grid -leak detection in broadcast radio receivers prior to 
the renewed use of the diode -detector circuit. 

Grid -leak detectioá has experienced a .ore popular use in 

short-wxpve receivers than any method of detection because of its 

high sensitivity. In short-wave receivers, the amount of distor- 
tion produced is not so important as they sensitivity. 

'11. WEAK SIGNAL AND POWER DETECTORS. Weak signal detectors 
are often known as "square law" detectors. They are called "square 

law" detectors because a week R.F. signal voltage input develops 
a rectified current which is proportional to the square of the in- 

put voltage. A radio -frequency signal is- considered to be weak if 
it has a maximum potential less than 1 volt. Both the grid -leak 
and grid -bias type detectors operate -on this square law'principle 
when rectifying weak radio-fregnáncy voltages. The "square law" - 

relationship exists between the grid voltage and plate current in 
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a grid -bias detector, and between the grid voltage and grid cur- 
rent in a grid -leak detector. The grid voltage -grid current curve 
is not a straight line (refer to Fig. 17), but shows a distinct 
curve, especially near the bottom of its characteristic. 

When a strong radio -frequency signal voltage (greater than 1 
volt) is applied to the grid circuit of either grid -bias or grid- 

--- leak detectors, the distortion produced in the plate circuit will 
not be as great as with weak signals. Of course, in order to ac- 
cemmodate a strong radio -frequency signal voltage input, it is nec- 
essary to properly adjust the grid and plate voltages in the bias 
detector circuit, and to select the proper values for the grid leak 
and grid condenser in a grid -leak detector circuit. In both cases, 
if all conditions are satisfied properly, the audio -frequency dis- 
tortion produced in the plate circuit will be at a minimum, but, 
of course, will not be entirely absent. Detectors that are adjusted 
to accommodate a strong radio -frequency signal -voltage input are 
commonly known as "power detectors". Do not conclude that a power 
detector does not produce any distortion of the modulation impressed 
on the original signal, because there is certain to exist a slight 
amount. Regardless of the maximum strength of the input voltage, 
the tube will still be operating over a curve in the characteristic 
when the amplitude of the incoming signal falls to a low value. 
On the peaks of the modulated signal, however, the tube is working 
over the straight portion of its characteristic, and the distortion 
produced will be very low. 

Ena grid -bias detector, care should be exercised iá the selec- 
tion of the plate voltage and bias voltage applied to the grid.- An 
attempt should be made to place the operating point at the most de- 
sirable position on the tube's characteristic curve. This desirable 
position is directly at the pronounced bend on the lower end of the 
characteristic curve. The load impedance in the plate circuit of 
a grid bias detector tube should be in the neighborhood of 5 tiles 
the tube's plate.resistance. A pure resistive load in the plate 
circuit results in less distortion than when an inductive load is 
employed. It: is found that better tone quality is secured when' the 
plate circuit filter consists of.a radio -frequency choke having an 
inductance of from 20 to 95 millihenries and a by-pass condenser 
from plate to the cathode (or ground) with a capacity of about 250 
mmfd. By removing the R.F. filter from the plate circuit of any 
detector, it will be found that reception of the audio frequency' 
is still possible. If the circuit were previously adjusted for best 
operation, however, the tone quality will decrease when the plate 
circuit filter is removed. The reason is quite obvious, the purpose 
of the plate circuit filter is to remove the radio -frequency ripples 
in the average plate current changes, thus permitting pure audio - 
frequency current to pass through the headphones. 

The main adjustments in a grid -leak detector circuit consist 
of the proper selection for the grid -leak and grid -condenser com- 
bination. The value of these two parts will affect the sensiti- 
vity and tone quality of the detector circuit to a large extent. 
The average audio -frequency voltages produced across the grid leak 
and condenser in a grid -leak power detectot can decrease only as 
fast as the condenser charge is capable of leaking off through the 
grid -leak resistance. If this leakage is slower than the rate at 
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which the amplitude of the modulated incoming signal decreases, 

then the condenser voltage cannot follow the variations in ampli- 

tude of the incoming signal; the result will be a distortion of 

the audio -frequency current in the plate circuit. If, however, the 

charge on the grid condeuser is capable of leaking off through the 

grid leak as fast as the incoming signal decreases in amplitude, 

the percentage of distortion produced in the plate circuit will be 

quite low. The rapidity at which this charge can leak off is de- 

termined primarily by the relative sizes of the grid leak and con- 

denser. The least distortion will be produced when the grid -leak 

resistance and the grid -condenser capacity are both small. There 

is a limit, however, to the extent to which these values may be 

decreased. When the grid condenser is exceedingly small, there 

will be a large R.F. voltage drop across it when the incoming radio - 

frequency signal is received. The voltage drop which occurs across 

the grid condenser subtracts from the R.F. voltages actually applied 

to the grid; hence, the higher the voltage drop across the grid 

condenser, the lower will be the average grid potential variation. 

This means that if the grid condenser is small in value, the sen- 

sitivity of the detector circuit will be decreased. For these 

reasons, it is necessary to compromise between the sensitivity and 

the wave form or amplitude distortion. In power detectors, the 

grid -leak resistance is generally from about II to 4- megohm and the 

grid condenser approximately 100 micro-microfarads. These values 

constitute a good compromise between distortion and sensitivity. 

In short-wave receivers, the distortion is of little consequence 

and high sensitivity is desired, so the grid condenser is generally 
made approximately 250 micro-microfarads and the grid -leak resis- 
tance several megohms. This arrangement works best for receiving 
very weak signals and the over-all sensitivity of a detector cir- 
cuit using these values is surprisingly high. Since the normal grid 

bias is about zero, a low plate voltage must be used on all grid - 
leak detectors to prevent an excessive plate current. This limits 

the strength of the input R.F. signal, which can be accommodated 

without causing. the grid circuit to become overloaded or "blocked". 
This is the reason for the following statement, as made on a pre- 
ceding page: "Grid -bias detection has supplanted grid -leak de- 
tection in broadcast radio receivers 

The percentage of modulation ofaradio-frequency signal means 
the extent to which the amplitude is varied by the impressed audio 

frequency. If the amplitude of the carrier wave is increased to 

twice its normal value (on the positive alternation of the impressed 

audio frequency), then decreased completely to zero (on the negative 

alternation of the impressed audio frequency), the carrier wave 

is said to be 100% modulated. Lower percentages of modulation 

cause less variation in amplitude of the carrier wave. 
It has been determined that detector circuits (grid leak and 

grid bias) will produce a greater percentage of audio -frequency 
wave form or amplitude distortion when the received radio -frequency 

signal is modulated to a high percentage. This is due mostly to 
the "square -law" relationship because of the curvature in either 
the grid voltage -grid current or the grid voltage -plate current 
characteristic. By mathematical derivation, it can be shown that 
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the percentage of distortion produced in the plate circuit due to 

this square -law action is equal to M2 + 4, where M is the percentage 

of modulation (expressed as a decimal). Hence, if the 'incoming 

signal is modulated 100%, the distortion produced on the audio fre- 

quency in the plate circuit will be approximately 25%. (Solution: 

12 = 1;.1 + 4 =á; ú x 100 = 25%.) However, if the incoming signal 

were modulated only 75%, the resulting amplitude distortion produced 

in the plate circuit would only be around 14%. (Solution: .752 = 

.5625; .5625 + 4 = .1406; .1406 x 100 = 14.065.) 
The chief differences in the performance of weak -signal and 

power detectors are in the efficieñcy and linearity of rectifica- 

tion. Power detection is much more efficient, giving at least 

several times as much output voltage in proportion to the applied 

signal amplitude as does weak -signal detection. This makes it pos- 

sible to obtain a desired output with less amplification. At the 

same time, power detection requires more amplification before de- 

tection (radio -frequency amplification) and less after (audio-fre- 

quency amplification) than does weak -signal detection, which may 

or may not be an advantage, depending upon the circumstances. When 

the R.F. signal being received is a modulated wave, power detection 

is always preferred, because power detectors have a nearly linear 

characteristic and so give a rectified output that produces the 

audio frequency with a minimum amount of amplitude distortion. 

12. DETECTORS IN MODERN RECEIVERS. All modern broadcast re- 

ceivers employ a radio -frequency amplifier, generally consisting 

of several stages, between the antenna and the input of the detectors. 

This amplifier is necessary from the standpoint of selectivity and 

sensitivity. Since the radio -frequency amplifier increases the 

amplitude of the modulated wave, the R.F. voltage. applied to the 

grid of the detector will generally be greater than 1 volt. From 

previous discussion, we know that apower detector must be employed 
if good tone quality is to be secured. 

Modern receivers also employ a loud speaker for reproduction 

of the sound rather than headphones; hence, an audio -frequency am- 

plifier is used to increase the audio -frequency output of the de- 

tector. The various ways in which audio -frequency amplification 

can be secured will be thoroughly discussed in the following lesson. 

A properly designed diode detector circuit produces less audio - 

frequency distortion than a grid -bias or grid -leak power detector. 

The desire to eliminate this distortion as much as possible is re- 

sponsible for the extended use of diode detectors in present day 
receivers. Even though no amplification of the signal is obtained 

from a diode detector circuit, the use of modern high -mu amplifier 
tubes easily compensates for the loss. Special types of tubes, 

such as the 75, 85, 55, 6Q7, 6R7, and others, have been developed 
specifically for diode detection. These tubes also contain a triode 

section which amplifies the audio -frequency output of the diode 

detector. The total audio output of these tubes (after being am- 

plified through the triode section) is equal to, and in some cases 

greater than, that secured from a grid -leak or grid -bias detector 

circuit. A complete description of various types of modern diode 

detector tubes'and circuits will be given in Lesson 30. 
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$133.00 FOR EVERY 
COMPLETED LESSON 

POTENTIAL 'CASH VALUE' TO YOU. 

We want you to realize that there is a very real 
'cash value' attached to each Midland lesson that you 
successfully complete. If you will keep this thought 
constantly before you, it will impelI you to put forth 
greater effort. 

Assume that after you have completed our training, 
you secure a position that pays $100.00 a month more 
than your present job. Over a period of ten years, this 
would amount to $12,000.00. Aconsiderable sum of money. 
Now divide this amount by 90, the number of lessons in 
our complete course. The answeris $133.00 plus. Mighty 
fine returns on the time necessary for you to devote to 
each lesson. 

Many young men will earn much more than $100.00 per 
month more than their present salary, after they have 
completed our training. Their earnings will continue 
to increase with the passing of time so that they can 
realize as much as $300.00 to $500.00 for every lesson 
successfully completed. However, we want to remind you 
that you must complete your training to realize such cash 
rewards. And you must serve your employer faithfully 
and honestly after you are employed. 

Perhaps you may be inclined to ask yourself this 
question: 'How will I go about getting a job?' Our 
answer to that question is this: Before you can hope 
to secure the kind of a job for which you long, YOU MUST 
TRAIN YOURSELF THOROUGHLY FOR THAT JOB. When your train- 
ingis satisfactorily completed, we will give you advice, 
suggestions and instructions which will help you tremen- 
dously. We want you to be a success in your chosen field 
so that you will reflect credit nn Midland. 

The opportunities in the field which you have chosen 
for your life's work are truly marvelous. The Radio in- 
dustry is growing and expanding year by year, creating 
additional jobs for young men such as yourself. Then 
we have Television and who knows what other amazing 
radio developments will emerge from the laboratories. 
You are on the right track you are in step with 
Radio. Stay in step and march firmly onward to your 
objective SUCCESS! 

Copyright 1942 
By 

Midland Radio 8 Television 
Schools, Inc. 

PRINTED IN U.S.A. 

J D/IE SPRIIITS 
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Lesson Nineteen 
AUDIO - FREQUENCY 
AMPLIFIER 

_ t 
CIRCUITS ' ' ' 

11 
"The addition of Audio 

Frequency Amplifiers to the. ' I 

detector circuits described 
in the previous lesson was 

mainly responsible for the radio 
becoming a home entertainment unit. 

"When only a detectcr was used, 

headphones were necessary because of the low aidio output of such 

a stage. However, with the addition of ar.audio amplifier, a loud- 

speaker may he operated, thus enhancing the value of the received 

radio programs. 
"In this lesson, we are studying Audio Frequency Amplifiers 

only as they pertain to radio receivdrs. In later lessons, you 

will learn more concerning the amplifier's use in public address 

systems, television amplifiers and broadcast stations." 

Is 

1. INTRODUCTION. The types of audio -frequency amplifiers to 

be discussed in this lesson are those commonly employed in radio 

receivers to amplify the audio -frequency output of the detector. 

These detector signals must be amplified until they are of suffi- 

cient amplitude to properly operate the grid of the power tube which 

in turn drives the loudspeaker. Such audio -frequency amplifiers 

are commonly known as "voltage amplifiers". Power amplifiers will 

be discussed in Lesson 28. 

Audio -frequency voltage amplifiers are subdivided into the fol- 

lowing general types: 

1. Transformer coupled 
2. kesistance-capacity coupled 
3. Impedance -capacity coupled 

4. Direct coupled 

Each of these different types of audio -frequency amplifiers will be 

discussed separately, then a comparison made as to their relative 

merits in the latter part of the lesson. 
To properly understand the operation of any vacuum tube as an 

amplifier, it is necessary to conceive the action of the tube as 

being similar to an AC generator. This discussion follows. 

1 



2. THE VACUUM TUBE AS A GENERATOR. From previous discussions we have learned that when changing voltages are applied to the grid circuit of a vacuum tube, changes in plate current are created due to the controlling action of the grid. These current changes are effectively superimposed upon the DC current flowing through the plate circuit as supplied from the plate supply source. The plate supply source may he either a battery or a vacuum tube rectifier circuit. It is well understood that all of the current which leaves the negative pole of the plate supply source must return to the pos- itive pole in order to complete its circuit. Without a completed circuit, no PC current would flow. The same is true for the chang- ing current in the plate circuit caused by the voltage changes ap- plied to the grid. These current changes originate within the tube, so the tube itself should be considered as their source, the same as the battery or rectifier circuit is regarded as the source of the DC current. The plate of the tube is the positive terminal of the tube insofar as the current changes are concerned and the cath- ode or filament is the negative terminal. Hence, the current chantes as created in the plate circuit by the vacuum tube will leave by May of the plate, pass through the external circuit, then return hack to the cathode. 

Fig.t A simple resistance 
Circuit. DC Current is sup- plied by E, but the current 
variations are created by a change in Rp. 

In the plate circuit of any vacuum tube, the power supply is the source of only the DC component of the plate current. The AC component or plate current changes are created by the varying po- tentials on the grid of the tube; hence, the tube may be considered their source. For an illustrative example, consider the circuit shown in Fig. 1. Here, the two resistors Re and RL are connected across the voltage source E. Re is variable and RE is fixed. As long as Re remains at a constant value, the current passing through the circuit is a pure DC current and the milliammeter will read a steady value. If, however, the resistance of RP is changed, the current through the circuit will be changed in accordance. Should it be varied at an audio or radio -frequency rate, the current through the circuit would change accordingly. 
The source of the pure DC current in Fig. 1 is the battery E; however, the current changes are being created by the action of the rheostat Re. Fig. 2 shows the similarity between the simple resis- tance circuit ín Fig. 1 and the plate circuit of a vacuum tube. From previous study, we know that an opposition is offered to the passage of a DC current from the cathode to the plate inside the 
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tube. This is known as the DC plate.resistance. Starting from a. 

high negative potential, if the grid is made less negative; or 
positive, the DC plate resistance is decreased and starting, from 

a high positive potential, if the grid is made less positive, or 
negative, the DC plate resistance is increased. 

If a rapidly changing AC voltage is applied to the grid of 
the tube, the current through the entire plate circuit will be 

varied in accordance. An audio -frequency voltage applied to the 

grid produces audio -frequency changes in plate current and a radio - 
frequency voltage causes the plate current to vary at a radio -fre- 
quency rate. As these current changes pass from cathode to plate 

inside the tube, the opposition offered is less than the value 

calculated under static conditions (when a DC voltage is supplied 
to the grid) and is knownas the "plate reststance" of the tube. 
In Fig. 2, the action of the vacuum tube is the sole source of the 
current changes in the plate circuit. The plate supply voltage E 

is producing only the steady DC current. Of course, it would be 

impossible for the vacuum tube to function at all unless the volt- 

age source E was present and the entire plate circuit complete. 

' Fiyy 2 Illustrating the sim- 
ilarity of a vacuum tube plate 
circuit to Flg.1. Varying the 
grid potential changes'the re- 
sistance of Rp, which creates 
current changes in the plate 
circuit. 

AC 
Voltage 

The voltage vertattons created across resistance RI. are due 

entirely to the current changes passing through it. It 'is only 

these voltage uartattons which can be passed on to the grid cir- 

cuit of a succeeding amplifier, because the DC voltage.drop across 
RL,-produced when the plate current is steady, is not effective in 
varying the grid potential._ From this it is apparent that the 

constant 'current supplied by the voltage source E is of no con- 

segnenoe insofar as the actual amplification is concerned, being 

necessary only from the standpoint of securing correct operation 
of the vacuum tube. Since the vacuum tube is the sole source of 
current changes in the plate circuit, it is generally represented 
with a symbol such as shown in Fig. 1. The plate current changes 
mast pass through the.load resistance RL and the plate resistance 
of the tube Rp in order to_ complete their circuit. The internal 

resistance: of the plate voltage source E is neglected when it is 

properly by-passed by a large condenser. This is always done in 

actual amplifying circuits. 
The amplitude of the changing current passing through the plate 

circuit depends upon the total impedance of the plate circuit and 

the amplitude of the voltage variations created across the vacuum 

The plate resistance of a tube is often called the AC plate resisance or 
plats impedance*. 



tube from plate to cathode. In Figs. 2 and 1, the impedance of the 
plate circuit consists of the resistance RL plus the plate resis- 
tance of the tube RP. The voltage variations created across the 
tube depend upon two factors, namely: the grid voltage excita- 
tion' and the mu (u) of the tube. The amplification factor or mu 
of a tube has previously been defined as the ability of a tube to 
amplify a voltage. If an AC voltage having an R.M.S. value of 10 

rig.3 Equivalent electrical 
circuit for the plate circuit 
of a vacuum tube. 

volts is applied to the grid circuit of a vacuum tube whose u is 5, 

then the R.M.S. value of the AC voltage developed across the vacuum 
tube from plate to cathode will be the product of the grid exciting 
voltage and the mu of the tube. This is expressed by the follow- 
ing formula:2 

AEP = EG x LL (1) 

DEP is the varying AC signal voltage developed across the 
tube from plate to cathode; 

Where: Ec ip the R.M.S. value of the signal voltage applied to 
the grid circuit; 

u is the amplification factor of the tube. 

Knowing the total impedance of the plate circuit and the R.M.S. 
value of the AC voltage developed across the tube, Ohm's Law may 
be applied directly to the plate circuit in order to determine the 
amplitude of the changing current which will flow. The form of 
Ohm's Law necessary for this application is: 

I 
E 

Z 

The E in Ohm's Law may be replaced with the product, u x EG. This 
is permissible because u x Ec as found from formula (1) is actually 
the AC voltage developed across the plate circuit due to the grid 
excitation. Then, the Z in Ohm's Law may be replaced by RP + RL, 
because this sum is the total opposition to the changing current 
through the plate circuit. Thus, we have: 

1 'Grid excitation" is an expression used to describe the AC signal voltage ap- 
plied to the grid. 

2 The triangle, ti, is the capital Greek letter for delta. Lower case delta is 
6. Delta is commonly used in radio and electrical formulas to denote a variation. 
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Where: 

AIP - í X Ec (2) . 

RL + RP` 

tIr is the R.M.'S. value: of the changing current through 

the plate circuit; 

u x Ec is the R.M.S. voltage changes across the vacuum tube; 

Ri + RL is'thetotal impedance of the plate circuit. 

From this formula, it can'be slen-that the amplitude of the 

varying plate current (signal current) will be increased by: 

1. .Increasing the mu of the tube: 

'. 2. Increasing the amplitude of the grid exciting voltage. 

1. Decreasing the -plate resistance of the tube (RP). 

. 4. Decreasing -the load impedance in the plate circuit/(RL). 

- When discussing the action -of a vacuum tube as an amplifier,. 

it was stated that the actual voltage amplification is equal to -the. 

ratio of the voltage variations across the load resistance RL to 

the voltage variations applied to .the grid circuit of' the tube. 

The higher the voltage variations across -the load resistance RL 

relative to the voltage variations applied to the grid, the greater 

is the ;amplification produced.' The voltage variations produced 

across the load resistance RL ceá be found by use of the following 

'formula: 

= ALP X RL . (I) 

AEA is the amplitude of the -voltage changes across the load 

resistance RL; 
Where: hip is the amplitude of the plate current changes as'found 

by formula (2)' 

RL is the resistance of the loadiimpedance in ohms. 

From formula (S), it can be seen that larger voltage variations 
will be created across'the plate circuit load resistance, when: 

.1. The amplitude of the plate current change is high. 

2. The load resistance is high. 

In all types of voltage amplifiers we are primarily interested 

in securing as much voltage change across the plate circuit as pos- 

sible; hence, the circuit should be designed so as to secure a high 

amplitude of plate current change and -to accommodate a large Plate 

load resistor. But, from formula (2); it can be seen that the use 

of a high plate load resistor tends to decrease the -amplitude of 

the,plate current changes.- In view of this conflict, proper design 

of the entire circuit consists' of obtaining the most satisfactory 

compromise between all factors involved. - 

This discussion on the action of a vacuum tube as a generator 

can be concluded by again referring to Fig. ¶. This diagram shows 

the conventional method of illustrating the plate circuit of any 

vacuum tube. Notice that the DC voltage supply has been excluded. 



This is done because the DC.voltage supply has nothing to do with 
the amount of voltage or power amplification secured from a vacuum 
tube except to supply the initial DC power which enables the vacuum 
tube to function correctly as an AC generator. Beyond this neces- 
sity for correct operation of the tube, the DC power is not effec- 
tive in producing amplification. The single cycle in the center 
of the circle indicates that the vacuum tube produces an AC voltage 
insofar.as the plate circuit is concerned and is equal to the prod- 
uct of u and EG. These voltage variations increase and decrease 
in one direction only; that is, they actually consist of an AC su- 
perimposed on DC. The resistance, RP, above the symbol represents 
the plate resistance of the tube. 

In all vacuum tube applications, regardless of whether the 
tube is being.used as a detector, an amplifier, or as an oscilla- 
tor, it can be considered to perform the same as any Other AC gen- 
erator. The application of this principle to all types of vacuum 
tube circuits (except diodes) should be sufficient to impress its 
importance. 

3. TRANSFORMER -COUPLED, AUDIO -FREQUENCY AMPLIFIERS. Audio - 
frequency amplifiers are required to amplify audio -frequency volt- 
ages ranging from 16 to 16,000 cycles. Whether or not the amplifier 
is capable of producing even amplification of all these frequencies 
will determine its usefulness for certain purposes. Audio -frequency 
amplifiers should also produce a minimum of distortion of the input 
signal voltage. This means that the waveformof the output voltage 
from the amplifier should be the same as the input waveform (except 
that it is amplified) as closely as possible. With the facts in 
mind that all audio -frequency amplifiers should amplifb a wide band 
of audio frequencies and produce no distortion of the waveform, let 
us proceed to investigate the transformer method of coupling such 
amplifiers. 

A typical transformer -coupled, audio -frequency amplifier is 
shown in Fig. 4. In this circuit, the plate voltage is being se- 
cpred from a vacuum tube rectifier circuit and the grid bias is 
being supplied by C batteries connected in the individual grid cir- 
cuits. The heater voltage is secured for the three tubes by con- 
necting across the secondary winding marked X -X on the power trans- 
former. Since three vacuum tubes are used in this amplifier, it is 
known Qs a three -stage transformer -coupled audio amplifier. A stage 
of amplification consists of a vacuum tube,and a coupling device. 

A coupling device is necessary in multi -stage amplifiers in 
order to transfer the amplified output of one tube into the grid 
circuit of the following tube. In Fig. 4, this coupling is secured 
with iron -core transformers and, for this reason, the name "trans- 
former -coupled amplifier" is given to a circuit of this kind. 

The coupling device employed between the plate circuit of one 
tube and the grid circuit of the succeeding tube must be capable 
of not only transferring the signal properly, but must also isolate 
the respective plate and grid circuits so as to prevent the high 
positive plate voltage from affecting the fixed grid bias on the 
succeeding stage. Ina transformer -coupled amplifier, this ig done 
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indicates B- or negative side 

of plate voltage supply. 

Fig.# Transformer -coupled A.F. amplifier with vacuum tube rec- 

tifier circuit for plate voltage. 

by feeding.the positive plate voltage through the primary of the 
transformer and the negative bias for the grid of the following - 

amplifier tube through the secondary. Since there is no direct 

electrical, connection between the primary and secondary, these two 

circuits are isolated from each other insofar as the DC potentials 

are concerned. 
The weak audio -frequency voltage to be amplified is fed to the 

primary of the input transformer T1. This A.F. voltage causes a 

corresponding current to pass through the primary winding which 

sets up magnetic field variations. The magnetic field changes cut 

through the, secondary winding and induce the audio -frequency volt- 

age therein. Nearly all A.F. transformers are of the step-up type 

which means that the audio voltage induced in the secondary will 

be higher in amplitude thanthe voltage applied to the primary. 
The A.F. voltage developed across the secondary is alternating -in 

character and is in series between C- and the gridof the amplifier 

tube Ft. The instantaneous grid potential of V1 will alternately 

be made more and less negative.l The A.F. voltage applied to the 

grid circuit between grid and cathode will cause corresponding volt- 

age variations to be produced across the tube from plate to cathode 

and A.F. current -changes to flow through the plate circuit. The 

amplitude of the audio voltages between plate and cathode will be 

equal to the µ of the tube times the A.F. grid exciting voltage 

1 Refer to Section 12, Lesson 12, unit 1. 
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The A.F. current generated in the plate circuit passes through 
the primary P, and the high -capacity condenser C, back to the cath- 
ode. The inductive reactance of the primary winding is the load 
impedance (RI.) into which -the vacuu. tube is working. It is desir- 
able to produce as high an amplitude of voltage changes across P, 
as possible. As the A.F. current passes through P,, a varying mag- 
netic field will be set up around the winding which, in turn, cuts 
through the secondary S2 and induces an audio voltage therein. Or- 
dinarily, the audio transformers used for interstage coupling have 
a step-up ratio of about 1 to 3i; hence, the voltage across S, will 
be approximately 3.5 times greater than the amplified voltage de- 
veloped across P,. 

The A.F. voltages developed across S, are in series between C - 
and the grid of V,; hence, the instantaneous grid potential of V, 
will be made alternately more and less negative. These grid volt- 
age variations will cause corresponding plate current changes to be 
established in the plate circuit of V,. As these current changes 
pass through P,,, corresponding magnetic field variations will occur 
which induce a higher amplitude A.F. voltage across Sa. The grid 
of V will likewise be affected by the A.F. voltage develóped across 
Ss and the plate current changes at an A.F. rate will be established 
through the plate circuit of V,,. The path of these plate current 
changes is from the plate of the tube, through the primary P., 
through C and back to the cathode. The A.F. current passing through 
P, causes an A.F. voltage to be developed across the secondary S.. 
Since the secondary S. is the output circuit of the amplifier, the 
last transformer T. is commonly known as an "output transformer". 

The A.F. voltage developed across the secondary of the output 
transformer T. should be higher in amplitude, but exactly the same 
to waveform as the input voltage applied to the primary of the in- 
put transformer T1. All audio frequencies fed into P, should be 
present across S.; otherwise, "frequency distortion" exists in the 
amplifier and the tone quality is inferior. 

The total voltage amplification of the amplifier may be calcu- 
lated by finding the product of the voltage amplification produced 
by each tube and the step-up in voltage secured through each trans- 
former. In Fig. 5, the same amplifier circuit is shown as in Fig. 
4 (excepting the plate power supply) with the mu of each tube and 

T. 
1:1 

indicates 8- 

'Fig.5 Illustrating the voltage gain in a three -stage transfor- 
mer -coupled A.F. amplifier. 
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the turn's ratio of each transformer indicated. To calculate the voltage gaín,qet us consider 1 volt A.F. input 'to the' primary of T1. Since T, has 'a turns ratio .'of .1:10, the voltage appearing across the secondary will be 10 volts (assuming.ño transformer los- ses). Since the voltage amplification of V1 is 5, there will be 50 volts of A.F. voltagé developed across the primary of Tº. The 1:1 turns 'ratio of T, steps the, voltage up to 150 volts across the secondary. The voltage. amplification produced by Vº is 10; hence, there will' be 1,500 volts across the primary of Ta. The voltage is stepped up 1 times -through transformer Ta; so there will be 4,500 volts acrossthe secondary of T. AnA.F. potential of 11,500 volts appears across the primary of T., because the voltage amplification produced by Vs is 3. The turns ratio of the output transformer T. is 1:1; hence, there will be no step-up or step-down in voltage. The output voltage from the three -stage amplifier will, therefore, be 13,500 times greater than the input voltage. applied to the primary P so 'it is said that the amplifier has amplified the voltage 11,500 times. In actual practice, an amplifier of this kind would have a voltage far less than 1 volt applied to its input. 

Fig.6 Equivalent elec- 
. trical circuit for the 
.plate circuit of a trans- 
former-coupled A.F. amp- 
lifier. 

E applied to 
next grid 

Fig. 6 shows. the equivalent electrical circuit for the plate circuit of_s transformer -coupled amplifier. The A.F. voltages ap- plied to the grid causes a varying potential equal to u times Ec to be developed across the plate circuit. The varying A.F. current in the plate circuit must pass through RP (plate resistance of the tube) and RL (primary of the transformer). Since the voltages de- veloped across RL are transferred to the next grid, it is desirable to make the impedance of'RL high to the current changes: This is done by winding as many turns as possible on the primary without causing excessive transformer losses. The actual voltage. developed across RL is equal, to: 

LERL = LIP x XL 

LERL is the A.F. voltage across RL 
Where: LIp.is the changing. current through the plate -circuit XL is the inductive reactance of the primary 

There are several characteristics of a 'transformer -coupled amplifier which place it at an advantage or a disadvantage with respect to'the other methods of coupling. These characteristics will be discussed,in conjunction with those of other amplifiers in a subsequent section of this lesson. 

4. RESISTANCE-CAPACIT! COUPLED AMPLIFIERS.. This type of A.F. amplifier has a theoretical operation somewhat different from that of the transformer -coupled type. The coupling device consists of two resistors and a condenser. The resistance -capacity arrangement serves to transfer the A.F. voltage from the output of one stage 
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into the grid circuit of the succeeding stage and, at the same tile, 
isolate the respective plate and grid circuits. The necessary cir- 
cuit connections fora two -stage resistance -capacity -coupled ampli- 
fier are shown in Fig. 7. In a resistance -capacity coupled ampli- 
fier, there is no step-up in voltage from the plate circuit of V1 to 
the grid circuit of V, as was secured when a transformer was used. 
For this reason, all of the voltage gain secured in a. resistance - 
capacity coupled amplifier must be produced by the tubes themselves. 

V, C1 V, c, 

Fig.7 Two-stage resistance-coupled A.F. amplifier. 

The theoretical operation of a resistance - capacity coupled 
amplifier may be explained as'follows. When an A.F. voltage is 
applied across the input terminals (refer to Fig. 7), this voltage. 
will cause a corresponding A.F. current to flow through resistance R thus developing A.F. voltages across it. These audio voltages 
are in series between the negative terminal of the grid biasing 
battery E, and the.grid of V1; hence, the instantaneous grid po- 
tential will.bemade alternately more and less negative by the A.F. 
voltages. This application of an A.F. voltage to the grid of the 
tube will result in the development of A.F. voltages across the 
tube's plate circuit from plate to cathode: The path for the A.F. 
currents generated in the plate circuit will be through R, and Ca. 
The value of the A.F. voltages developed across the plate resistance 
R, relative to the input A.F. voltage developed across grid resis- 
tance R1 is the amount of voltage amplification produced by V. 

The amplitude of the voltage variations produced across the 
plate resistance.R, will be equal to the product of the changing 
signal current through the plate circuit and the size of R, in 
ohms. Therefore, to secure high voltage variations across R,, it 
is desirable to have the current changes high in amplitude and to 
use a value for R, as high as possible. From preceding discus- 
sions, it is apparent that it will be impossible to secure an ex- 
ceedingly high amplitude of plate current changes when R, has a 
high value, because an increase in R, tends to reduce the ampli- 
tude of the plate.current changes by inserting additional opposi- 
tion in their path.. (Refer to' formula [2].) Another factor en- 
tering into the selection of. the size of R, is the amount of B 
supply voltage available. When no signal voltage is being applied 
to the grid. of the tube, it is necessary for the normal DC plate 
current to pass through R, to. complete its circuit. The DC volt- 
age drop across R, subtracts from the plate voltage of the tube as 
measureu from plate to oathode. Increasing the size of R, with 
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the plate supply voltage remaining the same tends to decrease the 

plate voltage. If the static plate voltage applied to the tube is 

.not of the proper value, it will be impossible to secure satisfac- 

tory dynamic operation from it. Ordinarily, the size of R, depends 

upon the type of tube being employed. For a three -element tube, 

R, will generally have a valúe from gO,000 to 50,060 ohms. When 

tubes employing more elements are used for A.F. amplification, such 

as screen -grid and pentode tubes, the value for R, may be as -high 

'as 500,000 ohms. 
The A.F. voltage variations produced across the plate resis- 

' tance R; are available for grid excitation to the following tube. 

The by-pass condenser C, is always made sufficiently high in capac- 

ity so that its reactance to the A.F. currents will be negligible. 

The alternating signal voltage developed' across R, is imparted to 

the grid of V, through the coupling condenser C1. Since the A.F. 

signal is being transferred through C1f its value in microfarads 

must be sufficiently high so that its reactance to the low audio 

frequencies will be as low as practical. If the size of this con- 

denser is not selected carefully when designing the amplifier, the 

low audio frequencies will not be amplified to the same extent as 

the higher audio frequencies. 
The A.F. current effectively passing through coupling conden- 

ser C1 develops A.F. voltages across the grid resistance Re. Since 

these A.F. voltages are in series between the negative side of the 

grid battery E, and the grid of the tube, the instantaneous grid 

potential of V, will be made alternately more and less negative. 

This alternating signal potential .on the grid will create corres- 

ponding changes through the plate circuit of V,. The plate cur- 

rent changes through Y, produce varying voltage drops across the 

plate resistance R, in direct accordance with the current changes. 

These varying voltage drops are, in turn, transferred through the 

coupling condenser C, to the output terminals of the resistance - 

capacity coupled amplifier. 
From the foregoing description, it is evident that the selec- 

tion of proper values for the components of the coupling circuit, 

R,, C1 and Re is of great importance. R, must be selected from 

the standpoint of both voltage amplification and the available 

plate supply voltage. (The same statement pertains .to R,.) The 

capacity of the coupling condenser C1 must be large so as not to. 

canse a. loss of the low audio frequencies when its reactance be- 

comes high. Its reactance should be low at the lowest audio fre- 

gaency to be amplified. There are limitations, however, on in- 

creasing the size of condenser C1. The most important is that due 

to the amount of leakage current which would result from the use 

of a high capacity condenser. 
A. slight amount of leakage current througk'C1 will upset the 

operation of the amplifier entirely. This leakage current. would 

pass through the grid resistor R, and develop a voltage across R, 

opposite to the, voltage of the biasing battery E,. This decreases 

the negative bias applied to the grid, causes improper operation, 

possibly s flow of grid current, abnormally high plate current and 

probable damage to numerous components throughout the circuit.' 
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If the size of -gridresistance,R,.is made high in comparison 
to the size of R,, the capacity of C1 need not be made so great in 
order to secure.good low -frequency amplification. Rs is commonly 
known. as the "grid leak" because it performs a function similar -to 
the grid leak in a grid -leak detector circuit. Electrons which 
may be accumulated on the grid of the tube when the signal voltage 
drives the grid to near zero potential must be allowed to leak out 
of the grid'circuit through resistance R,. For this reason, Rs 
cannot be made excessively high because the grid will become blocked, 
'resulting in a general instability of the entire amplifier. Gener- 
ally, R, is between 100,000 and 1,000,000 ohms. If this value of 
grid -leak resistance is used, the capacity of the coupling conden- 
ser is from .01 to .25 mfd. 

Cl 

Cgc 

cog 

Fig.9 (left) Equivalent electrical circuit for the plate circuit of a resistance-coupled A.F. amplifier. 
(Right) Symbolic diagramtoillustrate interelectrode cap- acities in a three-element tube. 

The diagram shown at A, Fig. 8, illustrates the equivalent 
electrical circuit for a resistance -capacity coupled amplifier. 
The A. F. voltage generated by. the vacuum tube is represented by 
the symbol marked µEs, the plate resistance of the tube by RP, the 
plate -coupling resistance by R,, the coupling condenser by Cí and 
the grid -leek resistance by Rs. When representing the equivalent 
circuit for this type of amplifier, it is also necessary.to con- 
sider that capacity which is effectively across the grid leak re- 
sistance from grid to cathode inside of the -tube. At A, Fig. 8, 
this interelectrode' capacity of the tube is represented by the con- 
denser Cg'c. This is called the input capacity of the tube because 
it is directly across the input or grid circuit. There is, like- 
wise, a similar capacity effect between each of the -three elements 
within the tube, such as shown at B, Fig. 8. A more detailed dis- 
cussion concerning the effects of these interelectrode capacities 
on the operation of a vacuum tube as an amplifier will be contained 
in Lesson 24. This interelectrode capacity between grid and cath- 
ode will not affect the low audio -frequency amplification; however, 
the high audio frequencies are apt to suffer considerable attenua^ 
tionl due to its presence. 

From the equivalent electrical circuit shown at A, Fig. 8, it 
is quite apparent that the grid -leak resistance R, is in parallel 
with the plate resistance R neglecting the small capacitive reac- 
tance of the coupling condenser C. Since two resistors in'paral- 

1 Attenuation means a reduction, or toss. 
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lel. will have an effective resistance less than the value, of the smallest, Re nust'be comparatively high in value to prevent a ser- ious reduction of. the load into which the tube is working. The actual load on the tube consists of -not only Re, but also Re, so both of these_resistors must .be considered when determining the number of ohms into which the vacuum tube is working. .If Ce is sufficiently high in capacity, it can be seen that the same A.F. voltages will be developed across Re as are developed across Re, because they fora a parallel.circuit. The audio voltages developed' across Re in turn. serve as grid excitation for the following amp- lifier tube. 
The selection of the values for the oomponsnts of the'coupling circuit in a resistance -capacity coupled 'amplifier has 'quite an ef- fect on the stability, voltage amplification and the possible ere- 'quency range of audio amplification. These will be discussed in a subsequent paragraph where a comparison is nade between all types of audio -frequency amplifiers. 

5. IMP®AI((Z-CAPACITI COUPLED AUDIO -MOM AI PLIFIRRS. The theoretical operation of an impedance -coupled A.F. amplifier is practically the same as that of the resistance -capacity coupled type, the only major difference being the wanner in which the A.F. voltage drops are' secured in the plate circuit. 
The circuit diagram of a typical impedance -capacity coupled amplifier is shown in Pig. 9. It will be noticed that this cir- cuit is the same as that in Fig. 7 with the exception that the plate resistances Re and R, have been replaced by the inductances Ls and Le respectively. The use of en inductance as the plate.'loed impedance prevents a high DC voltage drop due to the normal no -sig- nal DC plate current. This eliminates the necessity for using a high'B supply voltage to obtain plate voltage for the tube. In Fig. 9, the input A.F. voltage will develop a correspond- ing potential difference between grid and cathode of Ye by the voltages it produces across the, input resistance R1. The audio frequency voltages applied to the grid of'V1 generate correspond- ing A.F. currents in. the plate circuit which pass through Le and Ce. As these A.F. currents flow through the inductance L1, vary- ing voltage drops are developed across it due to its inductive reactance. The A.F. voltage variations across L1 divided by the input voltage across R1 is the voltage amplification secured through the first stage of the impedance -coupled amplifier. 
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When a pure DC current passes through the inductance L1, the 

voltage drop across it will be due only to its DC or ohmic resis- 

tance. The changing A.F. current in the plate circuit, however, 

generated by the action of the tube, will encounter not only ohmic 

resistance, but also inductive reactance. Ohmic resistance and 

reactance combined is called impedance; hence, the plate coil is 

often called an "impedance coil". From this, the name of the amp- 

lifier has been derived. 
The varying voltage drops produced across L1 are due entirely 

to the A.F. component of the plate current. These voltage drops 

will be equal in magnitude to the changing currents in the plate 

circuit times the impedance of L1. This is exp:essed in the fol- 

lowing formula: 

AEL = AIP x Z 

AEL is the varying voltages across the impedance coil L1 

AIP is the changing current flowing through the plate cir- 

Where: cuit (refer to formula [2]) 

Z is the impedance of the coil L1 (neglecting the par- 

allel effect of R,) 

The equivalent electrical plate circuit for an impedance 

coupled amplifier is shown in Fie. 10. Comparison with Fig. 8 re- 
veals that the only difference between the impedance and the resis- 

tance -coupled amplifier is the use of an inductance instead of a 

resistance as the plate load. The function of the coupling con- 

denser C1, the grid -leak resistance R, and the effect of the inter - 

electrode capacity from grid to cathode is the same in the imped- 

ance -coupled circuit as in resistance coupling. Again, it must be 

remembered that the grid -leak resistance R, is in parallel with 

the impedance of L1; hence, the actual load into which the tube is 

working depends upon the effective impedance of this parallel cir- 

cuit. As long as the resistance of the grid -leak R, is made suf- 

ficiently high, its shunting (parallel) effect toward decreasing 

the actual plate load can be neglected. 

Fig.10 Equivalent electrical 
circuit for the plate circuit 
of an impedance-coupled ampli- 
fier. 

The capacity of C1 must be sufficiently high to prevent the 

loss of low audio frequencies the same as in the resistance -coupled 

amplifier. C1 cannot be made excessively high because leakage cur- 

rent through R, will upset the operation of the following stage. 

The capacity of Cqc should be quite low in order to prevent the 

higher audio frequencies from taking this path, rather than through 

the grid -leak resistance R,. The audio voltages developed between 

the grid and cathode of V, depend entirely upon those voltages pro- 

duced across R,; so if the high audio frequencies find an easier 

path (lower reactance) through the interelectrode capacity from 

grid to cathode, they will not pass through and develop voltages 
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across R!; hence, will be lost and will not be present in the out- 
put of the amplifier. This is an example of "frequency distortion". 

Actual tests have shown that an average impedance -coupled amp- lifier will give a voltage gain slightly higher than a -resistance 
coupled amplifier. This is due to the higher load impedance (Rt.) 
offered by the inductance Coil L1, because of its high inductive 
reactance to the A.F. signal current. The inductance of Li is gen- erally around 200 or ¶00 henries. Inductance values this high can 
be obtained by winding thousands of turns of fine wire on a well - 
designed iron core. It is not necessary for the wire on the coil 
to carry much DC plate current (plate current in a voltage ampli- 
fier is generally quite low); hence, small wire may be used. By 
calculating the inductive reactance of a 200 -henry coil to an aver- 
age audio frequency, say 1,000 cycles, it is found that the lo a d 
impedance- is much greater than could be economically inserted in a 
resistance -coupled A.F. amplifier. 

Additional information on the stability, voltage amplification 
and frequency response of an impedance -coupled amplifier will be 
given later. 

6. DIRECT -COUPLED AMPLIFIERS. The direct -coupled A.F. ampli- 
fier is often called the Loftin -White amplifier, in honor.of E. H. 
Loftin and S. Y. White, who adapted this system for practical AC 
operation. A fundamental circuit diagram illustrating this method 
of coupling A.F. amplifiers is shown in Fig. 11. In the diagram, 
batteries are being used for plate and grid bias supply; however, if a 'vacuum tube rectifier circuit with a sufficiently high voltage. 
output is available, both plate and bias voltages may be secured 
from it. 

In the direct -coupled system, the plate of the first stage is 
oonnected directly to the grid of the next, with the coupling resin-: 
tance R! coon to both circuits. At first glance, this may appear 
somewhat unconventional, but, by tracing the path of the DC plate 
current through the entire circuit, it can be seen that the plate 
voltage for V1 and the grid bias voltage for V* are applied in the 
proper manner. Starting from the negative terminal of the 500 -volt 
plate supply battery, the DC plate current -flows from the cathode 
to the plate of V. Upon passing through the plate resistance of 

.V11 a voltage drop is produced, this voltage drop being measured 
by M,. Assuming that this drop is 200 volts, the plate voltage on 
V1 from plate to cathode will be 200 volts. From the plate of V1, 
the DC plate current passes through the coupling resistance R* from 
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to 4. Passing through this resistance, a voltage drop is pro- 
duced with 3 negative and 4 positive. Let us assume that this volt- 
age drop is 50 volts as read on meter M2. The grid of V, is con- 
nected to point 3 and the cathode of V, is connected to point 4. 
Since point 1 is negative with respect to point 4, this means that 
V, will have 50 volts negative bias applied to its grid. From 
point 4, the DC plate current flows to the cathode of Vº, then 
through the plate resistance of the tube to point 6. Upon passing 
from cathode to plate through Vº, let us assume that the voltage 
drop produced is 250 volts; hence, the plate voltage as measured 
by M, will be 250 volts. From point 6, the DC plate current flows 
through the primary of the output transformer, then back to the 
positive terminal of the battery. 

Careful consideration of this DC circuit will reveal that the 
supply battery is furnishing plate voltage to.V, and V, and is al- 
so furnishing the negative grid bias on V,. Adding the voltage 
drops produced across the three main parts of the circuit, they 
will be found to equal the plate supply voltage. The three main 
resistances consist of the plate resistance of V,, the coupling 
resistance R, and the plate resistance of V,. As indicated in Fig. 
11, there is a 200 -volt drop across V1, 50 volts across R, and 250 
volts across V2. .The sum of these three voltages equals the sup- 
ply voltage. 

The theoretical operation of the direct -coupled amplifier is 
as follows: The input A.F. voltage developed across R, will cause 
the instantaneous grid potential of V, to be varied accordingly. 
As the potential of the grid is made alternately more and less neg- 
ative, corresponding plate current changes will be created. These 
plate current changes, as generated by the action of the tube, will 
pass through the resistance R, and the by-pass condenser C1 in re- 
turning back to the cathode. As the A.F. current changes pass 
through R,, corresponding voltage variations will be developed 
across it. These voltage variations are directly in series between 
the grid and cathode of V,; hence, the instantaneous grid potential 
of V, will change in exact accordance with the voltage variations 
across R,. As the grid of V, is changed in potential with respect 
to its cathode, the plate current will be varied. The A.F. plate 
current changes through the plate circuit of V, will pass through 
the primary of the output transformer and through the capacity C, 
back to the cathode. As the A.F. currents pass through the primary, 
a corresponding magnetic field will be established around the pri- 
mary which induces the output A.F. voltage in the secondary. The 
purpose of. C, is to offer a path of low opposition to the genera- 
ted current changes for their return to the cathode of the tube. 

From the foregoing explanation, it is apparent that the volt- 
age variations developed across R, are common to both the plate cir- 
cuit of V1 and the grid circuit of V,. This single resistance is 
therefore serving as the coupling circuit. The simplicity of a 
single resistance serving as the coupling device is largely respon- 
sible for the advantages possessed by this type of amplifier. Com- 
pared to the resistance -coupled amplifier, there will be no loss of 
low audio frequencies due to the presence of a coupling condenser; 
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the grid -leak resistance necessary in the coupling circuit of a re- 
. sistance-coupled amplifier is also eliminated, so the shunting ef- 
fect of the grid leak on the'plate load resistance is absent. In 
Fig. 11, R, constitutes the entire load resistance into which the 
vacuum tube V1 is working. 

One defect present in -the direct -coupled amplifier which is' 

also true of the resistance -coupled type is that the grid -to -oath - 
ode capacity is in parallel with the A.F. voltage output of the. 

preceding tube. This is shown in Fig. 12 by the equivalent elec- 
trical circuit representing the plate circuit of a direct -coupled 
audio amplifier. In Fig. 12, it can be seen that R, is the only 
load on the vacuum tube generator V1 except the grid -to -cathode 
capacity of V,. The shunting effect of this small capacity is neg- 
ligible except at the higher -audio frequencies. 

Fig.i2 Equivalent electrical 
circuit for the plate circuit 
of a direct-coupled amplifier. 

Considering the simplicity of construction and the exception- 
ally good low -frequency response possible from a direct -coupled cir- 
cuit, it is rather surprising that this type of amplifier has not 
come into more common usage. The main objection, however, is the 
necessity for such a high plate supply voltage. In a two -stage 
amplifier, the voltage source must produce 'sufficient DC potential 
to supply plate voltage to the two tubes and grid bias for the sec- 
ond stage, This requires a supply of at least 400 to 500 volts; 
Often higher. These voltages cannot ordinarily be secured from the 
smaller power supplies as used in radio receivers. 

It is possible to secure a higher voltage gain from a two -stage 
direct coupled A.F. amplifier than from a two -stage resistance -coop - 
led A.F. amplifier. The absence of a complicated coupling circuit 
is largely responsible for the higher efficiency of the direct -coup- 
led amplifier in this respect. In most commercial circuits, a 
screen grid (four -element) vacuum tube is used as the first stage 
in a direct -coupled amplifier. 

As well as the necessity for employing a high plate supply 
voltage, it is also necessary to use a separate filament transformer 
for the second tube unless it is of the indirectly heated cathode 
type. The addition' of this extra winding means additional expense 
in commercial production. Another point against the direct coupled 
amplifier is the difficulty in adjustment. To secure the correct 
distribution of voltage in the plate circuits of the two tubes and 
in the grid circuit of the second tube, it is necessary that care 
be exercised in the selection of tubes as well as the size of the 
coupling resistance. The size of the coupling resistance is very 
critical and under no circumstances should -it be changed when ser- 
vicing an amplifier circuit which was known to give satisfactory 
operation. 

A direct -coupled amplifier is sometimes called a "direct cur- 
rent amplifier" because it is capable of amplifying a DC as well as 

17 

1 



an AC input signal voltage. While these amplifiers are not extreme- 
ly important for use in radio receivers, they are very popular for 
public address systems and in amplifiers for television work. We 
shall not discuss the use of this amplifier in television circeits 
at the present time; however, the student should bear in mind that 
it will be of great importance in future study. 

7. FREQUENCY RESPONSE OF AUDIO AMPLIFIERS. A perfect audio 
frequency amplifier is one which gives the same amplification to 
all audio frequencies applied to its input and does not produce any 
distortion of the original waveform. This means that when a fre- 
quency of 16 cycles, 100 cycles, 1,000 cycles, 10,000 cycles, 16,000 
cycles, or any intermediate frequency is fed to the input of the 
amplifier, it will amplify each of these frequencies the same amount 
and the output waveform will be exactly the same as the input wave- 
form except that it is higher in'amplitude. 

So far it has been practically impossible to construct a per- 
fect A.F. amplifier such as the one just mentioned. All methods 
of A.F. amplification will produce some waveform distortion and 
will amplify some frequencies to a greater extent than others. 

A graph which shows the relative degree of amplification at 
different frequencies is known as the "frequency response curve" 
of an amplifier. For example, let us refer to the frequency re- 
sponse curve shown in Fig. 11. This graph shows four curves, il- 
lustrating the frequency response of typical transformer, impedance 
resistance and direct -coupled A.F. amplifiers. Inspecting the curve 
for a transformer -coupled amplifier, it can be seen that the amp- 
lification is approximately 4 when a frequency of 10 cycles per 
second is fed to the input. Without changing any part of the amp- 
lifier circuit, if a frequency of 100 cycles is fed to the input, 
the amplification obtained is nearly six times greeter. The max- 
imum amplification obtained from a transformer -coupled amplifier 
is in the vicinity of 2,000 cycles, after which the response at 
higher frequencies falls off rapidly. At 15,000 cycles, the volt- 
age amplification through the transformer -coupled amplifier is zero. 
This means that an A.F. signal of this frequency will not appear 
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Fig.13 Curves illustrating the variation in amplification with frequency of typical transformer, impedance, resistance and direct- coupled amplifiers. 

18 



i 

in the output even though it is applied to the input with the same 
strength as the other frequencies. 

There are various reasons why a transformer -coupled amplifier 
will not amplify all audio frequencies to the same degree. At the 

lower frequencies, the decreased amplification is due mainly to the 

decreased load on the tube. The load (RL).into which a tube em- 

ployed in a transformer -coupled amplifier is working consists of 
the impedance of the transformer primary winding. Since the imped- 
ance increases as the frequency increases and decreases as the fre- 
quency decreases, it is apparent that at the lower audio frequen- 
cies, the value of the load impedance (RL) will be quite low. Ref- 
erence to formula (1) shows that the voltage amplification is de- 
creased considerably when the tube is working into a small load 
impedance. 

In Fig. 15, it is also noticed that the voltage amplification 
in a transformer -coupled amplifier decreases considerably at the 
higher audio frequencies. This can be accounted for by reference 
to Fig. 14. The individual turns on the primary and secondary 
windings are conductors and are separated from each other by an 
insulating material; hence, they form a multitude of very small 
condensers. Each turn possesses a small condenser effect with all 
those turns surrounding it. This capacity effect formed by each 
turn adds to that formed by all the other turns on the winding, re- 
sulting in a relatively high capacity which is, in effect, across 
the entire winding. This is true of both the primary and secondary. 
Likewise, each of these windings has an effective capacity to the 
iron core and since the iron core of the transformer is generally 
grounded, this means that there is a capacity between the transfer - 
.mer windings and ground. There is a]soasmall capacity effect'di- 
rectly between the primary and secondary windings which serves to 

influence the operation of the amplifier. Obviously, the more turns 
on the primary and the more turns on the secondary, the greater this 
overall "distributed capacity" will be. 

Fip.is Illustrating the dis- 
tributed capacity in a two-wind- 
ing Iron-core transformer. 

r 
At the lower audio frequencies, the reactance of the trans- 

former's distributed capacity is sufficiently high that the voltage 
amplification of the amplifier is not altered to an.appreciable ex- 
tent. However, in the region of higher audio frequencies, the re- 
actance of this distributed capacity becomes sufficiently low that 
a large portion of the signal voltage will be by-passed through the 
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capacity effect rather than passing through the primary winding of 
the transformer. In effect, the distributed capacity of the pri- 
mary is "short, circuiting" the inductive reactance load on the tube 
because the reactance of the distributed capacity is low in com- 
parison to the primary's high inductive reactance. Thus, the load 
impedance into which the tube is working (RL) becomes decreased to 
a very low value and the A. I. vol tage developed across the secondary 
terminals decreases as the input frequency is raised. 

The frequency response curve for typical resistance -coupled 
amplifier, as shown in Fig. 1l, is a great improvement over the 
transformer -coupled method. The low audio frequencies are ampli- 
fied'practically the same as all other frequencies up to approxi- 
mately 4,000 cycles. To obtain this good low -frequency amplifi- 
cation, it is necessary to use the proper size coupling condenser 
and the correct value for the grid -leak resistance as explained in 
a previous portion of this lesson. The high-frequencyy response of 
a resistance -coupled amplifier is affected mostly by the grid to 
cathode interelectrode capacity of the tube. The by-passing effect 
of the tube's interelectrode capacity is similar to that caused by 
the distributed transformer capacity. Since internal tube capaci- 
ties are generally quite low, the frequency response is not affec- 
ted to any great extent except at the extremely high end of the 
audio -frequency spectrum. The tube's capacity between plate and 
cathode will also be responsible for decreased high -frequency amp- 
lification to a certain extent. This plate -to -cathode capacity is 
of no outstanding importance unless it is desired to obtain an ex- 
ceptionally good high -frequency response from the amplifier. All 
of the interelectrode capacities for the various tubes are given 
in the manufacturer's tube manual. 

The impedance -coupled runpl i fier possesses a frequency response 
curve somewhat intermediate between the resistance and transformer- 
cop]ed type. Its response is better than the transformer -coupled 
type near the low -frequency end of the audio range. This is due to 
the higher inductance of the impedance coil used for the plate load 
in comparison with the permissible primary inductance of an average 
A. F. transformer. The higher load et the lower frequencies naturally 
results in a greater wad i float ion of these frequencies. Throughout 
the intermediate audio range the impedance -coupled amplifier pro- 
duces greater amplification than the resistance -coupled type, be- 
cause the high inductive reactance of the impedance coil supplies 
a greater load on the tube than the highest value of plate coupling 
resistance permissible to use in a resistance -coupled runpl ifier. 
The high -frequency response of an impedance -coupled ,unpl ifier de- 
creases rather rapidly, although not, quite so much as the trans- 
former -coupled type. The decrease in high -frequency response is 
again due mostly to distributed capacity in the inductive winding. 
The grid -to -cathode capacity of the following tube will also he ef- 
fective in reducing the high -frequency response. Even though there 
are many more turns on an impedance roll than on the primary of an 
average A.F. transformer, the distributed capacity will generally 
be less, because smaller wire is used on the impedance winding. 
Then, too, there is only one winding on the impedance coil, whereas 
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.a transformer has two windings, each of which has -distributed capacity. 
From Fig. 11, it can be seen that the low -frequency response 

of a direct -coupled amplifier is practically perfect, at least be- 
ing much better than any of -the other three types. The gradual 
decrease in voltage amplification toward the higher frequencies is 
due to: 

(1) The distributed capacity throughout the amplifier 
circuit. 

(2) The plate -to -cathode capacity of the first -tube. 
(1) The intertlectrode capacity between the grid and 

cathode of the second tube. 
(4) The capacity between the cáthode of the second tube 

' and ground. 
(5) The small capacities due to the wiring. 

Comparison of the typical curves reveals that for best overall 
(low añd high) -frequency response, the resistance -coupled amplifier 
surpasses all others. If an exceptionally good low -frequency re- 
sponse is desired, the direct -coupled amplifier is best; and for 
maximum response throughout the intermediate range of audio fre- 
quencies, -the transformer -coupled amplifier surpasses all others. 

Fig... 11 can also be used to illustrate the relative amplifi- 
cation secured from each'type of amplifier,'considering an equiv- 
alent number of stages. Due to the step-up in voltage secured 
through the coupling transformers, the voltage amplification prú- 
dúced by a transformer -coupled amplifier is much greater than that 
of any other type. The impedance -coupled amplifier gives higher 
amplification throughout the intermediate audio - frequency range 
than a direct or resistance -coupled type. The resistance -coupled 
amplifier is the least efficient insofar as voltage amplification 
per stage is -concerned, this being due mostly to the limited size 
pérmitted for the plate -coupling resistance and the shunting effect 
on the plate load by the grid -leak- resistance in the grid circuit 
of the next stage. The exceptionally. good overall frequency re- 
sponse and the relatively low cost of construction are the outstand- 
ing characteristics of a resistance -coupled amplifier and are re- 
sponsible for its popular use in modern audio amplifiers-. - 

8. WAVEFORM OR HARMONIC DISTORTION IN A.F. AMPLIFIERS: In 
Lesson 12, it was stated that an A.F. amplifier tube must -be oper- 
ated on the straight portion of its grid voltage -plate. current 
characteristic curve. The importance of this.fact_necessitates ad- 
ditional discussion at this time. 

If the waveform of the plate current changes(or the voltages 
across the plate load impedance) does not coincide with the wave- 
form of the input voltage applied to the grid circuit, it is said 
that distortton has been introduced. This distortion may result 
from a number of sources, the most important of which are those 
pertaining to improper operation of the tube. Improper conditions 
under which the tube may be operated to canse a distortion of'the 
plate current waveform are: 
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1. Insufficient grid bias 
2. Excessive grid bias 
1. Input signal too strong 
4. Dynamic Eg-Ip characteristic not linear 

due to insufficient load impedance 

Waveform distortion is often called "amplitude" or "harmonic" 
distortion. The justification for the expression "harmonic distor- 
tion" may be easily shown by considering the combination of a fun- 
damental frequency and one of its harmonics as shown in Fig. 15. 

At A, a pure sine wave represents one cycle of an alternating cur- 
rent having a certain frequency; and at B, two cycles of an alter- 
nating current having a frequency twice as great are illustrated. 
For example, assume that the frequency at A is 1 cycle per second 
and at B the frequency is 2 cycles per second. A harmonic frequen- 
cy is defined as one having a frequency which is an exact muittpie 
of a given frequency. Since the frequency of B is exactly twice 
that of A, B is called the "second harmonic" of A. The third har- 
monic of A would be an alternating current having a frequency of 
3 c.p.s., the fourth harmonic would be a frequency of 4 c.p.s., etc. 

If the second harmonic as shown at B is combined with the fun- 
damental frequency, A, the waveform of the resultant voltage will 
not be a pure sine wave. This is illustrated graphically at C in 
Fig. 15. At C, the fundamental frequency A and the second harmonic 
e are combined by adding the instantaneous values. The resultant 
wave c is obtained. This resultant waveform is shown separately 
at D in Fig. 15. By this graphical method of wave combination,.it 
can be seen that when the second harmonic is combined with the fun- 
damental frequency (both frequencies pure sine waves), the waveform 
of the resultant will not be apure sine wave. In other words, the 
waveform will be distorted. 

I,a E W 1 rrtTT11 I m IT] w i i ( AA IL" I11 mI\ m m 11 '/am VI t l W . mU m. m Wl0ram I m m mm.a L II C W W \..A I I1 m W mm nn1 mmml I maml ImIllll Im m 111..0 ms :u I 

DIEZ I m 1 1 I ELL m II 11 ZnoltsuCLEEELEE 
1 I I o ff mmrnm 

I 
1 LN mmm W W mlTfl I DE Y mma/d..A I( 1m m 0m m L1JI,.am....9 mL1Lmm11 mffL1JI117 L1J I 1 '/=Nmm.\'Jmmr_ m+ mmmm m m W EllI 

1 II /\mma\Ia\m1:1 /O 51 m 'n II m.1`L] vLa[ I IZ m 1.:T Q, m.2. mmm101111\\mr1 SILLJI...nI 1,E01177o ITl III .. 
(U I Y m U [ II I E mr./lmvn`mu-/ m I I m\INImmirJ EEE ] w I ! JI \N'ima I I I I 1 1 1 11] 

"` mó 1 óóó óó :m-::: 0LLlóóóf 1 ILJ óóm:º ó m _ nrn mo- 10_ i3 ImIT li 0 Iml1 eU MIME® m tY.m m ú l 7 

Fig.i5 Curves to illustrate that a distorted waveform consists 
of a combined fundamental and harmonic frequency. In this case. 
the second harmonic (8) is combined with the fundamental (A) to 
obtain the distorted waveform (D). 
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The preceding example illustrates the combination of the second 
harmonic with the fundamental. If the third harmonic were combined 
with the fundamental, the fourth harmonic, or any higher harmonic, 
the waveform of the resultant curve would he considerably different 
from that shown at D in Fig. 15, but in all cases it would be far 
removed from a pure sine wave. 

The resultant waveform becomes quite complicated when the fun- 
damental is combined with its second, third, fourth, etc., harmonic 
frequencies. It is virtually impossible to graphically illustrate 
the combination of several harmonios with the fundamental to any 
degree of satisfaction. In all ee.aes, however, whenever one or more 
harmonic frequencies are combined with the fundamental frequency, a 
distorted waveform will result. 

It is also true that any distorted waveform consists of a fun- 
damental frequency combined with one or more harmonic frequencies, 
all of which are pure sine waves. Thus, if a pure sine wave, such 
as shown at A in Fig. 15 were applied to the grid circuit of a va- 
cuum tube and the waveform of the plate current changes appeared 
as shown at D in Fig. 15, it would be apparent that second harmonic 
frequencies were generated during the process of signal amplifica- 
tion. 

If third harmonics were generated (due to improper operation), 
the waveform of the plate current change would be considerably dif- 
ferent from that shown at D. If fourth harmonics were generated, 
the plate current would appear entirely different, etc. Regardless 
of what waveform the plate current changes may have and assuming 
that the input voltage applied to the grid circuit is a pure sine 
wave, the distorted waveform of the plate current changes can be 
considered to consist of the pure sine wave fundamental frequency 
and one or more sine wave harmonic frequencies, all combined to- 
gether. An attempt will not be made to illustrate by diagram the 
exact appearance of a resultant waveform when more than one har- 
monic frequency is involved; however, it should be understood that 
any distorted waveform can be resolved into its component frequen- 
cies by this method. 

Various tube operating conditions which tend to cause waveforlu 
distortion are illustrated in Fig. 16. The diagram at A illustrates 
the tube's operation when the grid bias voltage and the plate 'Volt- 
age are too low. The operating point is high up on the static char- 
acteristic curve and when the grid signal voltage is applied, it is 
impassible for the plate current to properly increase above its nor- 
mal value due to the curve at the upper end of the Eg-Ip character- 
istic on the negative alternation of the grid signal; however, the 
plate current decrease will be normal because the tube is operating 
over a fairly straight portion of the characteristic. 

The effect of increasing the negative bias to an abnormally high 
value is shown at B in Fig. 16. In this case, the plate current 
will increase properly above its normal value when the grid is made 
leas negative, but on the negative alternation of the grid signal, 
the plate current will not decrease in the proper manner due to the 

additional Information on termonlcs Is contained In Lesson 26, unit 1. 
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C Excessive Input signal.D 
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' curvature of the characteristic in this region. The resultant plate 
' current changes indicate that the positive alternation of the out- - 

put voltage from the amplifier will be of,a higher amplitude then 
the negative alternation. This is the oondition under which's grid =-' 

' bias detector is operated in order to secure rectification.- 
.If the input signal voltage applied to the grid circuit is ea- -' 

tirely too strong, the waveform of the resultant plate current 
changes will appear as shown at C, Fig.15. On the positive sitar- ' . 1. 

F nation of the signal voltage, the plate current is driven into the 
upper curved region of its Eg-Ip characteristic sad on the negative 

`' alternation, the plate current is driven down into the lower bead. 
During the time that the signal voltage is driving the grid poten- 
tial positive, there will also be a flow of grid current through 
the grid circuit. As this grid current flows through the reds- 

' _' tame or inductance-obntgined in the grid circuit, it will produce 
s voltage drop in a direction opposite to the signal voltage, thus 

u 
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causing the actual. voltage on the grid of the tube to be consider- 
ably different from the original applied voltage. For this reason, 
grid current should never be allowed to flow in any voltage aaplt- 
fier circuit.. The flow of grid current is prevented by applying 
the proper grid bias, then controlling the input signal voltage 
to make certain that it does not become excessive. If the input 
signal is too strong, it is called 'overloading" the grid circuit. 

The effect on the plate' current waveform when insufficient 
load impedance is contained in the plate circuit is shown at D in 
Fig.. 16. 

Increasing the size of the load impedance in the plate cir- 
cuit straightens out the dynamic Eft-Ip characteristic. Illustra- 
tions are shown in Fig. 17. These curves are typical of an ampli- 
fier tube when a pure resistance is contained in its plate. circuit. 
The characteristic shown at A illustrates the appearance of the 
Eg--Ip curve when the.load resistance in the plate circuit is zero. 
Notice that it. is very curved.. When the load impedance RL is made 
'equal to the plate resistance RP of the tube, the characteristic 
approaches a straight line as shown by the curve. o. Even a charac- 
teristic of this shape is not sufficient to entirely prevent the 
introduction of waveform distortion. To definitely assure that the 
plate current waveform will be similar to the gridsignal waveform, 
it is necessary that the load impedance R1. be equal to at least 
twice the plate resistance RP of the tube. The Eg-Ip characteris- 
tic becomes practically a straight line when RI. is equal to twice 
RP. This is shown by curve c, Fig. 17. This means that if the 
plate resistance of the voltage amplifier tube is 10,000 ohms, the 
value of R1. should be at least 20,000 ohms to prevent waveform 
distortion. 
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Fly 17 (ArDynamic characteristics of athree-element tube,show - 
ing the effect of the load in the plate circuit upon the curvature 
of the characteristic. 

(8) Typical triode vacuum tube circuit. 

The load resistance is generally made higher, sometimes as 
much as five times the plate impedance of the tube. The use of -a 
high plate load resistance assures, -that undistorted amplification 
will be obtained and -that the voltage.amplification of the stage 
will be high.. The disadvantage. of using such a large plate load 

25 



(A) Input Voltage 
to Grid Circuit 

Ip 

(8) Insufficient 
Grid Bias 

(D) Grid Circuit (E) Insufficient 
Overloaded Plate Load 

Fig.18 Diagrams to illustrate the appearance of the plate cur- 
rent variations when various forms of distortion exist. 

(C) Excessive 
Grid 81as 

(F) No Distortion 

resistance is the high B supply necessary to maintain the proper 

plate voltage. 
The waveforms shown in Fig. 18 serve to summarize the fore- 

going information. At A; the pure sine wave voltage as applied to 

the grid circuit isshown. If insufficient bias is applied to the 

grid, the resultant waveform of the plate current changes will ap- 

pear as shown át B. If the negative bias is made excessively high, 

causing the tube to operate on the lower bend of its Eg-Ip char- 

acteristic, the waveform of the plate current changes appear as 

shown at C. Too strong an input signal voltage applied to the grid 

circuit causes both the positive and negative alternations to be 

distorted as shown at D. When the plate load impedance is not at 

least twice the plate resistance of the tube, the waveform of the 

plate current changes will be distorted as shown at E. The plate 

current waveform at F illustrates the appearance of the plate cur- 
rent changes when the -tube is operated under the proper conditions. 

Notice that the wave F has exactly the same shape as the input wave 

A; that is, no harmonic frequencies are generated. 

9. CHARACTERISTICS OF A TRANSFORMER -COUPLED A.F. AMPLIFIER 
The circuit diagram shown in Fig. 19 illustrates a typical grid 

bias detector circuit followed by two stages of A.F. amplification. 

Demodulation of the incoming signal occurs in the grid bias detec- 

tor circuit and A.F. currents pass through the primary P1 of the 

A.F. transformer 11. The secondary voltage induced in S1 excites 

the grid of Y,, which is the first A.F. amplifier. The A.F. out- 

put of V, is transformer -coupled into the grid circuit of Y5which 
operates the loudspeaker. The last stage in -an A.F. amplifier is 

commonly called the "power stage" and the tube employed in this 

stage is known as a power tube. -Power tubes possess different 

characteristics than voltage amplifier tubes and Lesson 28 will be 

devoted to a detailed study of power amplifier circuits. 
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FIp.19 Grld-Dias detector followed by a two -stage 'traasformer- 
coupled A.F. amplifier. 

The resistance RI in series with the B plus output of jthe 
vacuum tube rectifier circuit serves to decrease the plate voltage 
on the detector so as to -operate it under the proper conditions 
for grid bias detection. The voltage amplifier ,tube Y% and the 
power amplifier tube Y, both require a higher plate voltage than 
the detector stage, so no resistance is included in their plate 
circuits. The heater of each tube in this circuit may be connected 
across a secondary winding on the power transformer which supplies 
the proper voltage. The grid bias for eacb'tube is being secured 
from a C battery. In the following lesson, it will be shown how 
grid bias may be,secured by. the use of a resistance in the cathode 
circuit of the tube instead of with .a C battery. 

The characteristics of the transformer used for inter -stage 
coupling in a transformer -coupled amplifier governs, to a large 
extent, the total voltage amplification secured and the frequency 
response of the amplifier circuit. 

Curves 1, 2, 1, and 4 in Fig. 20 show the variation of ampli- 
fication with frequency for several different types of transformers. 
Curve 1 is a graph showing the characteristics of a small audio 
transformer commonly used in radio receiving sets around 1926. 
Since the primary inductance of these transformers was only about 
15 henries, the response of the amplifier decreased considerably 
at the low frequencies. The frequency response for larger tram - 
formers typical of the design a few years later is shown. by curves 
2 and.;. In these transformers, the primary inductance has been 
increased; thus giving a better low -frequency response. On each of 
the characteristic curves, it will be noticed that the voltage ampli- 
fication rises.to a high value in the neighborhood of 6,000 to 9,000 
cycles. This high amplification is caused by resonance being estab- 
lished in the transformer windings, due 'to their inductance and 
distributed'capacity. At the resonant frequency of the transformer, 
primary, the platecir nit of the tube is working into a parallel 
tubed circuit.'.Sincea tuned circuit of this type possesses a very. 
high impedance at the resonant frequency, the result is an abnormal 
amplification of this frequency. These peaks are undesirable be- 
cause when these frequencies are passed through the amplifier 'they 
will be reproduced from the loud speaker with exceptionally loud 
volume. The height of the resonant -peak may be materially reduced' 
by increasing the secondary resistance. In modern transformers, 
this is'done by winding the secondary coil with very small wire, 
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generally No. 40. Also, by connecting a high resistance of .5 
to 1 megohm directly across the secondary winding, this resonant 
peak is effectively removed from the characteristic. A resistance 
across the secondary c;tuses the overall voltage. amplification to 
be less; however, the frequency response will be more constant over 
the entire audible range. 

Curve 4 on Fig. 20 is representative of the modern design of 
good quality audio -frequency transformers. The primary inductance 
of modern transformers is made high by the use of an alloy core. 
When no DC current is passed through the primary winding, the, 

average audio transformer has a primary inductance in the neighbor- 
hood of 150 henries. As the DC plate current passes through the 
primary, the inductance in henries is reduced. The curves shown 
in Fig. 21 illustrate the extent of this reduction fora transformer 
possessing a nickel -iron core and for a silicon -steel core. From 
Fig. 21, it is apparent that the DC plate current through the pri- 
mary winding should be kept as low as possible in order to_ secure 
good low -frequency response from the amplifier. The use of a size- 
able air gap in the iron core of the transformer is also effective 
in preventing the inductance reduction caused -by the DC current. 

The undesirable effect of DC current through the primary may 
be avoided by the use of a circuit such as shown in Fig. 22. .The 
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DC current is supplied to' the plate through the high inductance 
coil L; however, the A.F. current in- the plate circuit takes the 
path through capacity Cl and the primary of thetransformer: This 
is commonly known as a "shunt feed plate circuit" because the AC 
signal current path is in parallel with the DCplate current path. 

- c. g 
F1R.22 Transformer -coupled t a 

A.F. amplifier with shunt feed plate circuit. 
- 

In A.F. transformers, thesize ,of the wire on the secondary 
is made as.aall as practical. considerations will permit. Assum- 
ing the winding space and Dore size to be fixed, if it im desired 
to increase the turns ratio of+the transformer,. the only way in 
which this can be.aoocplished is, -to reduce the number of turns on 

+ the primary: This will reduce the primary inductance and impair, 
the performance of the amplifier at low frequencies. A turns ratio 
from primary to secondary of greater than 1:4 is rather difficult 
to secure without some sacrifice in performance. ,For this reason, 
nearly all- A.F.. transformers have -a turns ratio of about 1:3._ 

' 10. ,...11401 IN AUDIO AMFLIFIVIS. If a portion' of the mai- 
1 . 

fled output energy of a -vacuum -tube is fed back tothe-input cir- 
cuit 10 as to reinforce the input ,voltage, the gain of the ampli- 
fier will be greatly increased. This is commonly known as "regen- 
eration":' If the amount of feedback energy is sufficient, the - 

amplifier will be _capable of supplying its.own -input signal voltage. ; 1 

When in this condition, -the original input signal voltage to the 
amplifier will no longer. be, amplified, but; rather, the effect of 

r 

K 

N e. I 

'Klis,' 
a. \clr 

--Seffl. NL 1 

771{I^'IN_ 
1 

[ I 

' Regeneration lit thoroughly discussed In 'lesson 23. Unit 1. 

. - - - - - - - ' - _ - _ . . 



the feedback voltage from the output of the amplifier will predom- 
inate to the extent that it will.receive the -amplification. The 
result is a continuous "sing" or "howl" from the loudspeaker and 
the original input signal voltage will not be heard. This can be 
readily demonstrated by the diagram shown in Fig. 23. The input 
signal voltage is fed to the audio -frequency amplifier from the 
microphone and the Output energy from the amplifier is delivered 
into a loudspeaker. Since the microphone is responsive to all 
sound waves, if the loudspeaker is placed in such a position that 
the sound waves from it override the original sound waves at the 
microphone,. the amplifier is then capable of supplying its own 
input voltage. The "singing"or "howling", commonly known as "feed- 
back", results. 

Microphone Loud Speaker 

Fig .2s Block diagram 
to illustrate how the 
feedback of energy may 
occur from output to 
input in an A.F. ampli- 
flor. 

Public address installations are often troubled with feedback 
of this nature. As the Volume control of the amplifier is advanoed, 
more of the amplified output energy from the loudspeaker entera the 
microphone and a point is finally reached where a continuous howl 
is produced. Tp prevent this feeding back, the gain control must 
be reducedor the microphone and loudspeaker relocated. 

Feedback in an audio -frequency amplifier can also result from 
defects in the electrical design of the circuit. If the circuit 
design is not watched carefully, it is possible that some of the 
signal energy from the output stage of the amplifier will find its' 
way to the input circuit in sufficient amounts so as to cause feed- 
back. A resistance or impedance of any kind may be common to the 
input and output stages and cause this to occur. In A.F.-ampli- 
.fiers. the chief source of such common coupling is the plate supply 
-voltage. Both sources of plate supply (batteries and vacuum tube 
rectifier circuits), possess a certain number of ohms of internal 
impedance'. The signal current bleach stage must pass through this 
internal impedance, and the resulting Voltage drops produced at 
the output of the voltage supply source will be common to each plate, 
circuit in the entire amplifier. Hence, it'is possible for the 
plate voltage on the first stage of the amplifier to be varied in 
accordance to the current -changes taking place in the final stage. 
This is the same as though a portion of the output energy were fed 
bade to the input of the amplifier. If the feedback is sufficient 
in strength, the characteristic "howl" will result. If the feed- 
back is too weak to produce a howl, serious frequency distortion 
will be produced and the loudspeaker reproduction is very unnatural. 

In -all audio amplifiers, it is necessary to take the essential 
precautions so as to prevent an instability of the circuit that 
would cause feedback. Fortunately, the transferof energy from the 
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plate,circuit of the last tube to that, of the first tube is usually 
all that need be considered' since the differences in. energy levels 
between any other pair of tubes is small compared with that between 
the first and last. Fig. 24 illustrates a method of,stabilizing a 
transformer -coupled A.F. amplifier so as to, minimize the unstable 
effects produced by common coupling'through the plate supply volt- 
age. Stabilization of the amplifier, is accomplished by the use of 
the by-pass condenser C and the series resistance R in the plate 
circuit of each, stage. The use of condenser C fromthe bottom of 
the primary -winding to the cathode confines the varying -signal cur-- 

111111111111 

Fig.211 three-stage transformer-coupled A.F. amplifier with plate 
circuit filters to prevent excessive feedback and instability. 

rent in each stage to its Own plate circuit; hence, it is not'neo- 
esaary for this changing signal current to pass through'the common 
impedance of the plate voltage'supply in order to return back to 
the cathode. These stabilizing condensers were shown in some of 
the previous diagrams in this lesson. The series resistors are 
generally not used unless the amplifier has an abnormal tendency 
toward instability. Their purpose is to prevent the signal cur- 
rent in the plate circuit, from reaching the voltage supply and -to 
Compel the variations to return through the by-pass condenser C to 
the cathode. The size of resistance R is determined more -or less 
by the size of the by-pass condenser. If the by-pass condenser C i.s 
very large (3 to 6 mfd.), the series. resistance R can be made from 
10,000, to 20,000 ohms. If, however, the size of the bypass con- 
denser is around .25 mfd., it is necessary to use a series resistor 
in the neighborhood of. 1150,000 to 250,000 ohms. The reason for 
this relationship between capacity and resistance is.evident when 
we consider that the current changes will take the path of least 
opposition. 

Impedance -coupled and resistance -coupled A.F. amplifiers have 
a similar tendency to become unstable, due to an excessive feedback. 
of energy; the same as the transformer -coupled type. -,An unstable 
impedance -coupled amplifier will produce the same "sing" or "howl" 
as a transformer -coupled amplifier when the feedback is excessive;, 
a resistance -coupled amplifier, however, does not. Ina resistance - 
coupled amplifier, feedback sufficient to cane instability manifests 
itself by "motorboeting", a name given to it because of the similar- 
ity of sound produced in the loudspeaker to the exhaust of a motor - 
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boat. An unstable resistance -coupled amplifier supplies its own 

input voltage at the rate of about 1 c.p.s., the actual frequency 

being governed chiefly by the size of the grid -leak resistances 

and coupling condensers: The signal applied to the grid of one 

tube is amplified and fed back in the proper relationship so as 

to increase the strength of the original signal. This continues 

to increase in an abrupt fashion until one of the tubes in the 

amplifier accumulates sufficient negative charge on its grid to 

cut off the plate current. The amplifying action of the tube then 

stops and as the negative charge (electrons) accumulated on -the 

grid leaks through the grid -leak resistance, the potential of the 

grid returns to normal and the same action is repeated. This 

"motorboating" action is very detrimental to the operation of any 

resistance -coupled amplifier because, while it is taking place, it 

will be impossible for any signal voltage applied to the input of 
the amplifier to appear in the output. Resistance -coupled ampli- 

fiers are more susceptive to this type of distortion than other 

types of audio amplifiers; hence, it is generally necessary to take 

precautions against this instability in the original design of the 

amplifier. 

Fig.25 Three-stage resistance-coupled A.F. amplifier with plate 
circuit filters to prevent motorboating. 

A resistance -coupled amplifier in which the necessary filter- 
ing has been provided in the plate circuit to prevent motorboating 
is shown in Fig. 25. The stabilizing or filtering condensers ánd 
resistors are marked C and R in this figure.l 

In the stabilized resistance -coupled A.F. amplifier shown'in 

Fig. 25,. grid bias is being secured for each tube with a C battery. 

If a single'C battery were used to supply grid bias for all three 

stages of the amplifier circuit, such as shown in Fig. 26, it is 

likely that there would be sufficient common coupling between -the 
input and output stage through the common impedance of the biasing 
battery to cause motorboating to occur, In such a case, it is nec 

essary to' insert stabilizing resistors and condensers in each of 
the grid circuits. A single stage of a resistance-cóupled A.F. 

These are sometimes called decoupling resistors and condensers. 
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Fig.26. Circuit to Illustrate hów liming bát,térj'aay be Used for 
1 amplifier stages. Common coupling exists' between the three 

grid circuits which may cause excessive feedback. -. 

amplifier with the proper filtering in both grid and plate circuits 
lo prevent motorboating is shown in Fig. 27. C1 end R1 constitute - 
the grid filter and C, and R, constitute the plate filter. .In -the 

event of extreme instability. in a resistance -coupled amplifier, it 

Fig.27 Single stage of a re- 
.sistance-coupled A.F..amplifier 
with grid and plate circuit fil- 
tering t,o prevent moterboating. 

may be necessary to stabilize, both the grid and. plate circuits of 
each stage to prevent motorboating. 

A plate -circuit stabilized impedance -coupled A.F, amplifier, 
preceded by a grid -bias detector, is shown in Fig. 28. 

' 

}, -;;_I 
I 

Indicates 11- 

I' Fig.2s arid -bias detector circuit followed by'etwo-stage taped-, 
ante -coupled A.F. amplifier. 

11. COMPARISON OF AMPLIFIERS. Transformer -coupled amplifi- 
erg are the most widely used type and can be designed to give fair- 
ly uniform amplification over the ordinary range of audio frequen- 
cies. They are capable of producing higher amplification per stage 
than the other types of amplifiers due -to the voltage step-up through 
the coupling transformers. - 

A resistance -coupled amplifier -is capable of constant voltage 
amplification over a wider frequency range than the other ampli- 
fiers. The resistance -coupled amplifier is cheaper to construct, 
lighter and more connect than the other types., With the advent of 

' 
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modern tubes having high sunplification factors, the limited gain 
per stage no longer prevents the popular use of resistance -coupled 
amplifiers. High -gain tubes, however, are apt to be more micro - 
phonic than those having a lower u; hence mechanical vibration 
must be avoided if the output is tot be free from noise. Micro - 
phonic noise is due to vibration of the tube's elements which 
causes small variations in the distances between them. This af- 
fects the amplification factor and is equivalent to impressing 
small erratic voltages on the grid of the tube, which, when ampli- 
fied, appear as noise. 

The direct -coupled amplifier has been retarded from gaining 
extreme popularity primarily because of the expensive, high -voltage 
plate supply necessary for its operation. For television and oscil- 
loscope circuits, their distortionless performance is far superior 
to their cost of construction, so they are used quite frequently in 
these critical circuits. 
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YOU WILL REAP 
ONLY AS YOU SOW 

When a farmer plants a field of wheat, he will, if 
he is a good farmer, carefully prepare the soil, select 
firm seed and labor continually to insure proper growth. 
He does this because he knows that the wheat will not 
'head out' full and rich unless it is properly cared for 
during the growing season. He also knows that his cash 
rewards will depend entirely upon the size of the head 
at the top of each stalk, for the larger it is, the 
greater will be his yield and the more wheat he will 
have to sell. 

You can, in several ways, be compared to this farm- 
er. He looks forward to the reaping of a big crop and 
the enjoyment of seeing his hopes and ambitions become 
reality. You, too, have hopes and ambitions. You want 
to be a success. You want to enjoy life's pleasures and 
provide for your loved ones in a substantial manner. 
But you must remember this. Your hopes won't 'head out' 
unless you, like the farmer, carefully prepare the ground 
from which your hopes must grow. 

Just as the foresighted farmer carefully selects 
his seed, you must be equally careful to select hours 
for study and experimentation that will insure your re- 
taining the most knowledge. Just as the farmer toils 
patiently to prepare the soil for the seed, you must im- 
prove the most important thing upon which your future 
success will depend your brain. If you will do these 
things, as time progresses your efforts will be rewarded 

your hopes will 'head out', and instead of having 
wheat for sale, you will have an abundance of valuable 
knowledge and experience. And remember, you will sell 
that knowledge and experience for cash, just as the 
farmer sells his wheat for cash. 

Midland Training, Engineer -Instructors, Equipment 
and Folicies have all been designed to help you bring 
your hopes and ambitions to a full realization. Take 
full advantage of the facilities that have been placed 
at your disposal look to your future stick to 
your studies and experiments TODAY, so that TOMORROW you 
may reap a golden harvest! 

Copyright 19112 

By 

Midland Radio & Television 
Schools, Inc. PRINTED IN U S A. 

KANSAS CITY. MO. 



Lesson Twenty 

GRID BIAS 
by 

RESISTANCE 
"In Lesson 16, (de- 

scribed to you Power Rec- 
tifier Supply Circuits. : " 
All of the circuits described ` 
in that lesson were designed 
for the sole purpose of elim- / 
inating the need for the 'A' and 

'B' batteries, which had been used 
in the receivers previously discussed. 
Thus, there remains only the 'C' battery to be eliminated in order 
to produce an all -electric receiver. 

"In this lesson, I am going to describe various circuits which 
will accomplish this result. Every one of the circuits discussed 
in this lesson is either being used in present-day receivers or has 
been used in the past. Since the large majority of receivers being 
manufactured at present are entirely AC operated, I suggest that you 
study this lesson very carefully. Hith this information, you will 
have a comprehensive knowledge of how radio receivers are completely 
operated from the alternating current line supplying your home." 

1. INTRODUCTION. Grid bias has been defined as t:ie voltage 
difference between the grid and the negative side of the filament, 
when no signal is being received. It was learned that the grid 
must be kept negative with respect to the negative side of the fila- 
ment to prevent the flow of grid current. Grid current always pro- 
duces distortion in an amplifier or detector stage. Up to this 
time, the grid bias has been supplied by a C battery connected in 

the grid circuit with the negative terminal of the battery toward 
the grid, and the positive terminal toward the negative side of 
the filament. 

Whenever possible, it is desirable to eliminate batteries. 
In Lesson 16, methods were discussed for using the AC line voltage, 
after proper conversion and filtering, for plate voltage on the 
tubes, thereby eliminating the use of the 1i batteries. It was also 
seen that the introduction of the AC tube, which could use an alter- 
nating filament voltage, made the A battery obsolete in all cases 
where an AC lighting voltage was available. There now remains only 
the C battery to be eliminated in order to produce a completely 
AC operated receiver. In this lesson, methods for securing grid 
bias without the use of the C battery will he discussed. 
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2. CATHODE RESISTOR BIASING. We shall first consider the 

indirectly heated cathode type tube, then apply the same principles 
to the filament type tube. Fig. 1 illustrates a circuit somewhat 
different in appearance from any presented heretofore. The plate 
voltage is furnished by a power supply drawn as a block diagram, 
and the heater circuit has been omitted to simplify the figure. 

Notice that a resistor, marked R, is connected in the cathode cir- 
cuit. Let us trace the path of the plate current. The heater in- 
creases the temperature of the cathode to a point sufficient to 

cause it to emit electrons. Since the plate is positive with re- 
spect to the cathode, plate current flows through the coil connect- 
ed in the plate circuit to B plus, through the power supply to B 
minus, through the resistor R, from B to A, and then back to the 

cathode. The total plate current must flow through the resistor 

Input 

Fig.1 Fundamental circuit 
used for obtaining grid bias. 

R, and in so doing, it produces a voltage drop across that resistor. 
Current, as we know, flows from negative to positive, and since the 
current flows through the resistor from B to A, point B must be 
negative with respect to point A. Point A is connected directly 
to the cathode, and point B directly to the grid. It is assumed 
that the resistance of the coil connected in the grid circuit is 

negligible. Since point A is positive with respect to point B, the 
cathode is positive with respect to the grid; or, conversely, the 
grid is negative with respect to the cathode. The voltage between 
the grid and the cathode is equal to the voltage drop across resis- 
tor R. This, then, would seem to be a good means of providing grid 
bias. 

The size of the resistor to be used for a given value of grid 
bias can be found by applying Ohm's Law. For instance, in the case 
of the type 56 tube, we find upon reference to the tube manual that 
when- the plate voltage is 100 volts, the correct grid bias for use 
as an amplifier is 5 volts; that is, the grid should be 5 volts 
negative with respect to the cathode when no signal is received. 
Therefore, the drop across resistor R must be 5 volts. With this 
particular tube, a plate voltage of 100 volts and a grid bias of 
-5 volts will produce a plate current of 2.5 ma. The resistor R 

must produce a voltage drop of 5 volts when 2.5 ma. flow through 
it. Therefore, its resistance is: 

R 
- .002 

= 2,000 ohms. 
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Let us work another example. This time we will use -a type 45 
tube. From the tube manual, it is found that when the plate volt- 
age is 250 volts, the grid bias should be 50 volts and the plate 
current will be 14 ma. The voltage drop across the biasing resis- 
tor must. be -50 volts; the amount of current which flows through it 
is 34 ma. ,To find the value of this resistor, we have: 

R =+- 

= 1,470 ohms. 

Now let us investigate the difficulties encountered when -using 
this type of grid bias. As long as no signal is beiüg_received, 
the plate, current remains at a steady value. This constant or pure 
direct current flowing through the biasing resistor produces a con- 
stant bias voltage. When a station is tuned in, the signal volt- 
age applied to the grid causes the instantaneous voltage of the 
grid. to vary. The plate current varies in direct accordance with 
the variation of the grid voltage. The plate current becomes a 
pulsating direct current. This pulsating direct current in flow- 
ing through the biasing resistor produces a pulsating direct volt- 
age; therefore, the bias voltage varies when a signal'is applied 
to the grid. This is very Undesirable. It produces a shift of 
the operating point of the vacuum tube and we know that for any 
given plate voltage, there is just one value of grid bias for. the 
best operation. 

Let us examine this action more thoroughly and determine just 
what occurs. During the alternation when the signal voltage is 
in such a direction as to buck against the grid bias, it drives 
the grid of the tube less negative. This results in a'increase. 
in plate current. Increased plate current flowing through the. 
biasing resistor causes an increased voltage drop across it or an 
increased bias which tends to drive the grid more negative:- Thus, 
the signal voltage, in driving the grid less negative, has pro- 
duced another voltage which -tends to prevent this action. On the 
other hand, at the instant when the signal voltage is in such a 
direction as to drive the grid more negative, the plate current 
correspóndingly decreases. The decreased plate current. in flow- 
ing through the biasing resistor produces a lower voltage or a low- 
er grid bias. Obviously, a lower grid bias will tend to drive the 
grid less negative: Using this system of biasing, we do not obtain 
a constant bias voltage (a condition verynecessary for proper opera- 
tion). and also the variations in bias are such as to prevent the 
signal voltage from producing its -maximum effect upon the plate 
current. This "opposing action" which the.varying grid bias offers 
to the signal voltage is called "degeneration". 

In order to produce a constant bias voltage, a pare direct 
--current must flow through the biasing resistor. The varyiñg plate. 
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current is a pulsating direct current. It was learned in Lesson 
14 that a pulsating direct current is composed of a DC component 
and an AC component. If, therefore, we devise a simple low-pass 
filter circuit which will allow the DC component of the plate cur- 
rent to flow through the biasing resistor and, at the same time, 
prevent the passage of the AC component, we will have a constant 
voltage drop across the resistor and a constant grid bias. 

In Fig. 2, the same circuit used in Fig. 1 is shown except 
that a condenser C is connected across the biasing resistor R. 

When no signal is received, the plate current is steady; this pro- 
duces a steady voltage drop across the resistor and the condenser 
charges to this voltage. When the plate current increases, due to 
the application of a signal voltage, the current flowing through 
the resistor tends to increase. If, however, condenser C has suf- 
ficient capacity to make its capacitive reactance to the frequency 
of the signal voltage considerably less than the resistance of the 
biasing resistor, most of these extra electrons, which are flowing 

./7 

Supply 

Fig.2 Illustrating how grid 
bias may be obtained by means 
of a resistor and a condenser. 

around the circuit, will flow on to the bottom plate of condenser 
C. This will drive an equal number from the top plate, which then 
flow to the cathode to be emitted again. Thus, the current through 
the biasing resistor remains constant at the no -signal value. When 
the plate current decreases, there is a tendency for the current 
through the biasing resistor to decrease. However, those electrons 
which have collected upon the bottom plate of the condenser now 
flow through the resistor from bottom to top and onto the top plate 
of the condenser. In other words, the condenser discharges slight- 
ly. The total current through the resistor is the plate current 
plus this discharging current of the condenser. This again results 
in practically the same current flowing through resistor R. 

Considering this action from a different viewpoint, we can say 
that, since the capacitive reactance of the condenser is much low- 
er than the resistance of the resistor, the AC component of the 
plate current will prefer to flow effectively through the lower op- 
position path provided by the condenser and very little of this AC 
component will flow through the resistor. To the DC component, the 
condenser offers infinite capacitive reactance. Therefore, all the 
DC component of the plate current is forced to flow through the 
biasing resistor. This simple low-pass filter circuit is ordinarily 
sufficient to maintain the biasing voltage at a value which is, 

for all practical purposes, constant. By this method, degeneration 
is minimized. 
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The condenser is known as the cathode by-pass condenser. .It 
effectively by-passes. the AC component of the current and prevents 
it from flowing through the resistor. The value of capacity to be 
>ised.depends upon the frequency being amplified. The capacitive 
reactance .of the condenser should not'be greater than .1 of the 
resistance of the biasing resistor at the lowest frequencyito be 
amplified. Let us consider a stage of A.I. amplification which 
uses a type' 56 tube. The correct biasing resistor was previously 
found to be 2,000 ohms. If the lowest frequency to be amplified 
is 100 cycles, the. capacity of the by-pass condenser may be cal- 
culated in the following manner. One -tenth of 2,000 is 200. This 
is the, maximum capacitive reactance permissible. The formula. for 
capacitive reactance as given in Lesson 11 is; 

Zc - - 1 

6.28xFxC 

If this equation is solved for C, there is obtained: 

C 1 

6.28 x F x Yc 

'This formula may be used to find the capacity needed to produce a 
known capacitive reactance at a known frequency. By substitution 
in this formula, we obtain: 

C - 1 
6.28 x 100 x 200 

. = .0000079 farad, -. 

= 7.9 mfd. 

From this calculation, it may be seen that a condenser whose capa= 
city is approximately 8 ufd..should be used. Condensers having 
this large é capacity and being of small enough physical dimensions 
to be practical are available only in -the 'electrolytic type. There- 
fore, many electrolytic condensers are used for cathode by-passing 
on A.F. amplifier stages. The voltage -across the condenser is ob-. 
viously equal to the grid bias Which, in receiving tubes, .is sel- 
dom greater than 60 -volts. Thus, an.electrolytic condenser to be 
used as a cathode by-pass for an audio stage need have a breakdown 
voltage of only 70 or 75 volts. Since the breakdown voltage is 
low, the dimensions of the condenser will be small -enough to be 
convenient. 

In R.F. amplifier stages, it has become common practice to 
,use a .25 mfd. condenser for cathode by-passing. If the R.P. ampli- 
fier stage uses a type 56 tube which requires a biasing resistor 
of 2,000 ohms, the capacitive reactance of the condenser will be 
small compared to the value, of the resistor at any frequency in 
-theibroadcast band. This may be checked.by reference to the capaci- . five reactance table given in Lesson 11, which gives the reactance 
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of a .25 mfd. condenser at 500 kilocycles as 1.28 ohms. Since 1.28 
ohms is such a small part of 2,000 ohms, the by-passing action of 
the condenser will be very effective. 

Another important problem arises when securing grid bias by 
resistance. Fig. '3 shows the essential parts of a typical amplify- 
ing circuit in a radio receiver. Let us assume the tube requires 
250 volts on the plate and 50 volts grid bias. To produce this grid 

Fiq.3 Illustrating the nec- 
essity of increasing the plate 
supply voltage when cathode 
bias is employed. 

bias requires that the voltage drop across the resistor be 50 volts 
The grid is 50 volts negative with respect to the cathode, or the 
cathode is 50 volts positive with respect to the grid. Notice that 
the bottom end of the biasing resistor is connected to fi minus. 
This makes the cathode 50 volts positive with respect to the nega- 
tive terminal of the power supply. The definition of the plate 
voltage of a vacuum tube is the voltage existing between the plate 
and the negative side of the filament; or, if the tube is of the 
cathode type, it is the voltage between the plate and the cathode. 
The plate voltage is to be 250 volts. This, in turn, means that 
B plus must be 250 volts positive with respect to the cathode. 
Notice that the voltage drop across resistor R bucks against the 
voltage of the power supply. For this reason, the difference in 
potential between B plus and the cathode is equal to the voltage 
of the power supply less the voltage drop across R. Since the drop 
across R is 50 volts, the voltage of the power supply must be 300 
volts to produce a voltage of 250 volts between the plate and the 
cathode. In Fig. 4, a simplified diagram is shown illustrating 
the relationship between these voltages. It is seen that the bias- 
ing resistor and the cathode -to -plate resistance of the tube are 
in series. The sum of the voltage drop across a series circuit 
equals the applied voltage; therefore, the voltage drop across the 
tube (250 volts) plus the voltage drop across the resistor (50 
volts) must equal the applied voltage (300 volts). From the fore- 
going, it is clear that the voltage output of the power supply must 
be equal to the plate voltage plus the grid bias when this type of 
biasing is used. In this case, where the plate voltage is 250 
volts, and the grid bias 50 volts, it must have a voltage of 100 
volts. 

Often when the grid bias is small, it need not be taken into 
account. For example, the plate voltage of a type 56 tube is 100 
volts and its grid bias 5 volts. Theoretically the output of the 
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- F1 .s Showing -how the, voltage of the .power -supply Olvides between 
the tube. and the cathode resistor. 

,.', power supply should be 105 volts; however, it is usual to:make the 
voltage of the ̀ power -supply equal -to -the the rated plate voltage in 

-° such a case, since the grid bias is so small compared to the plate 
voltage. If this is done, the actual plate voltage is 95 volts, 
which produces little,' if any, change in the operation or the tube. - 

Cathode -resistor biasing is often called "self bias or "auto- 
., ~tic bias" in contra -distinction to battery bias, which is known. 

as "fixed bias". For any value of plate voltage, there is an op- 
, times value of grid bias. The automatic feature of this iethod of 

. 
biasing is manifested in its tendency to maintain -the bias at the 

'_ 'optimum value if the plate voltage changes, due to poor regulation 
I-: Z. of the power supply, or to variations of the line voltage. An in- 

- =. crease in plate voltage produces an increase in plate current which, 
11- in turn, increases the voltage drop across the resistor and makes 

the grid bias enough greater to partially compensate for the change 
in plate voltage. In a like manner, a decrease in plate voltage 

- is accompanied by a -lowering of the, grid bias. The automatic action 
- of cathode -resistor biasing is by no means perfect.; but it will pre- 

vent the flow of ah excessive plate current which would damage the 
tube, if an excessive plate voltage is inadvertently applied. 

It is also possible to use the resistor method of biasing with 
directly heated cathode ór filament -type tubes.. Fig. 5 shows a 

,, . 

- 4t 1 ` +., i-. g c ,.- -, 
'1 t _ . 

F`Ig.5 Using' resistor 
bias with a filament type e 

tube and a center-tapped ";. 
transformer. - 

mu 
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circuit in which the grid bias is furnished by the voltage drop 

produced across such a resistor. As previously stated, the plate 
circuit and grid circuit cannot be returned to either side of a 

filament to which an alternating voltage is applied. In Fig. 5, 
they are returned to the center of the secondary winding of the 
filament transformer. Fig. 6 illustrates a similar circuit in which 
a center -tapped resistor is used. In either case, current flows 

3 Fig.6 Using resistor 
bias with a filament type 
tube and a center-tapped 
resistor. 

from the filament to the plate, through the plate circuit, through 
the power supply, up through the resistor to the center tap and 
then back both sides of the filament to the emission surface. The 
plate current in flowing through this resistor produces a voltage 
drop which causes the center tap of the filament to be positive 
with respect to the grid by the amount of voltage dropped across 
this resistor. 

We are now ready to consider another problem which presents 
itself in the operation of directly heated cathode or filament type 
tubes. We know that all differences in potential in a vacuum tube 
are stated with respect to the negative side of the filament. As 
discussed in detail in Lesson 16, the grid and plate circuits must 
be returned to a point which does not change ins potential as the 
filament voltage alternates. Either the center point of the fila- 
ment secondary or the mid point of a center -tapped resistor satis- 
fies this condition. Let us consider Fig. 7, which uses a center - 
tapped resistor across the filament circuit of a tube requiring 
5 volts filament voltage. During one alternation, point C is 5 

volts positive with respect to point A. This makes B (the center 
tap) 2.5 volts positive with respect to A, the negative side of 
the filament. If it is assumed that the voltage drop across the 
biasing resistor is 25 volts, point B is 25 volts positive with 
respect to the grid. hith the grid bias defined as the voltage 
between the grid and the negative side of the filament (point A), 
let us proceed to calculate its value. The grid is 25 volts nega- 
tive with respect to point B, which, in turn, is 2.5 volts positive 
with respect to point A. It can be seen that the voltage drop from A 
to B bucks against the voltage across the biasing resistor; there- 
fore, the grid bias is equal to 25 - 2.5 = 22.5 volts. 

During the succeeding alternation, point C. becomes the nega- 
tive side of the filament, and again the center tap (point B) is 
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Fig.7 Showing why the 
actual grid bias measured 
from the rid to the neg- 
ative side of the fila- 
ment is equal to the volt- 
age drop across the bias- 
ing resistor less one- 
half of the filament volt- 
age. 

.8. 

Supply 

2.5 volts positive with respect to the' negative filament. The grid 
bias is, therefore, 22.5 volts as before. Perhaps the diagram shown 
in Fig. 8 will make this clear:' The bottom line represents the 
potential of the grid or of B minus, to which the grid is connected. 
The upper line represents the potential of point B, which is'25 
volts positive with respect to B minus and the grid. Poirot B, how- 
ever, is 2.5 volts positive with respect to the negative side of 
the filament; therefore, the line which represents the ,potential 
of the negative side 'of the filament is drawn below -the top line. 

1 'Point 8, 

eh, 
(Center Tap) 

Fig.B A potential dla- 
Figment 

gram illustrating the volt- 1 

1 
I 

* Filament 

ages of the circuit of Fig. na tzsw. 
7. 

1- 
-Grid (8 Minus) 

The Enid bias is the voltage difference between the grid and the 
negative side of the filament and, is, therefore, seen to 'be 22.5 
volts. 

From the foregoing, it is evident that the actual voltage drop 
across the biasing resistor, when used with AC filament type tubes, 
must be slightly greater than the grid bias required. The actual 
grid bias is equal to the voltage drop across the biasing resistor 
minus one-half of the filament voltage. 

When two or more tubes require the 'same grid bias, it is pos- 
sible to use one resistor'to supply the bias for all. Fig. 9 il- 
lustrates a two -stage R.F. amplifier using cathode type tubes. Let 
us trace the path of the current. The plate current of VT -1 flows 
from the plate to the power supply, thróugh the power supply, through 
the biasing resistor from right to left, and then beck to the cathode 
of -this tube. The plate current of VT -2 flows from its plater, through 
the power supply, through the biasing resistor from right 'to left, 

-and back to the cathode of the second tube. Thus, the combined 
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Fig:9 A two-stage R.F.. ampllifier using one biisiny resistor. 

current of -both tubes flows through the biasing resistor. In cal- 
culating the value of this resistor, this fact must be taken into 
account. If both tubes draw the same plate.current, the biasing 
resistor must have a value just half as much as if it were used 
with one tube. a three -stage amplifier using fila - Z l 

( 

rig.to_ -A.three-stage R.F. amplifier with filament type tubes, 
using one biasing resistor for ail. the Cubes. - - 

went type tubes. The bias for each of the three stages is, provided 
'by the voltage drop produced across one biasing resistor. This - 

method may be used only when all of the tubes so connected require 
the same grid bias. In this case, the value of the biasing resis- 
tor is bne-third of that used for one tube, since three times as 
much current flows through it. 

Fig. 11 illustrates a three -stage amplifier in which the first 
two tubes are of the cathode type and the last is of the filament 
type. Notice, in this circuit, that the grid return is connected 
neither to B minus nor to the bottom end of the biasing resistor; 
it is grounded instead. The ground symbol signifies that the cir- 
cuit is connected to the metal chassis on which the amplifier is 
built: Since this is common practice and since many illustrations 
are drawn in this manner, it is advisable for you to become familiar 
with this type of diagram. It is noticed that each of the filter - 

condensers is grounded; this saves considerable wire. Let us ",' 

trace the path of the plate current through the first or left hand 
tube. From the plate, It flows down. through the primary of an audio 
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Fig.11 A three-Stage A.F. amplifier using resistor bias. The. 
grid returns, the cathodes, the center tap of the high-voltage 
secondary, end the filter condensers are grounded to the chassis 
in order to save ai.ri:rig. 

transformer to a point on the voltage divider marked B plus 180 
volts. From there it. flows through the upper section of the volt- 
age divider to B plus, 100 volts. It now passes through the two 
chokes of the filter.systea to the filament of the rectifier; thence - 
alternately to the plates of the rectifier tube, through the high-. 
voltage secondary to its center tap which is grounded. From ground 
the plate current flows through the metal chassis to point A, which 
is also grounded. Point A is seen to,be the lower end of the bias- 
ing resistor of the first tube. To complete its path, this cur- 
rent flows upward through, the biasing resistor to the cathode. The 
plate current of the second tube may be traced s similar manner. 

Let us now,pass to the third tube. Its plate current flows 
from its plate to the top end of the voltage divider, through the 
filter and rectifier to the center of the high-voltage winding, 
which is ,grounded.. From ground it 'flows through 'the- chassis "to 
point B which is one end of the biasing resistor for the third tube. 
It then completes its circuit by flowing through this resistor to 
the_ center tap of the filament secondary, through -both sides of 
the filament leads to the emission surface of the third tube's file 
gent. 

. With the directions of the plate currents well fined in mind, 
let 'us.now determine how the tubes secure their -bias. The plate 
current of 'the first tube flows through R1 in the direction shown 
by the arrow, producing- a voltage drop of, perhaps; 5 volts. The 
cathode of this tube is 5 volts positive with respect to ground; 
the grid is at ground potential; therefore, the grid of this tube 

11 

~-"Ts 
_ 

- 



is 5 volts negative, with respect to its cathode. Similarly, the 

grid of the second tube is 5 volts negative with respect to its 

cathode. 
The plate current of the third tube flows through the resis- 

tor R, in the direction shown. If it produces a voltage drop 

across this resistor of 30 volts (not an unusual value), the center - 

tap of the filament secondary and the filament of this tube are 

30 volts positive with respect to ground. Since the grid of this 

tube is at ground potential, it is 10 volts.negative with respect 
to its filament. For the sake of simplicity, we are disregarding 
the fact that the actual grid bias is equal to this value less one- 
half of the filament voltage, as previously explained. 

Observe that all three tubes derive their heater (or filament) 
voltages from one filament secondary. As mentioned in the preced- 
ing paragraph, this winding is g0 volts positive with respect to 
the ground; therefore, the heaters of'the first and second tubes 
are positive with respect to ground by a like amount. Since the 
cathodes of these tubes are 5 volts positive with respect to ground, 
the difference in potential between the cathodes and their respec- 
tive heaters is 10 - 5 = 25 volts. A difference in potential be- 
tween the heaters and their cathodes is permissible if it is not 
in excess of approximately 40 volts. 

As it is often more desirable to operate the heaters at ground 
potential, a separate heater winding is usually provided on the 
power transformer. When this is the case, the center tap of the 
winding is grounded, as shown in Fig. 12. This is done to prevent 

F8 
Supply 

.l 

Fig.12 Showing how the cen- 
ter tap of the heater winding 
is grounded in cathode type 
tubes to prevent the accummu- 
lat ion of'static charges. 

the accumulation of static charges on the heater circuit which 
might cause the difference in potential between the cathode and the 
heater to rise to such a value as to break down the insulation re- 
sistance between them. Also, the grounding of the center tap bal- 
ances the heater circuit; any stray voltages which might be induced 
in this circuit, either electromagnetically or electrostatically, 
will be balanced with respect to ground and, therefore, cancelled. 

The problem of degeneration at radio frequencies is not ser- 
ious. It is simple enough to use a condenser for cathode by-pass- 
ing whose capacitive reactance is so small compared to the resis- 
tance of the biasing resistor as to form an almost perfect low- 
pass filter. It is possible to select acondenser whose capacitive 
reactance at any radio frequency is less than .001 of the resis- 
tance of the biasing resistor. When such is the case, the alter- 
nating voltage between the grid and the cathode (due to the'pas- 
sage of the varying plate current through the biasing resister) 
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is only ..001 as such as it would, be if no condenser were used. 
This reduction is more than enough to,'produce efficient results. 

In A.F. amplifiers, this problem is such more serious. It has 
been demonstrated that, if a type 56 tube is to amplify a frequency 

of 100 cycles without appreciable degeneration, the condenser must 
have.a capacity of 8 mfd.; in which case, its,capacitive reactance 
at this frequency is .1 of the value of the. biasing resistor. If 
the A.F..asplifier is to be used in conjunction with other high- 
fidelity equipment, it should be capable of amplifying all frequen- 

cies ranging from 10 to 10,000 cycles. Assuming that the biasing 

resistor is 2,000 ohms, let us calculate the capacity of the by- 

pass condenser needed at 10 cyycles:. 

.1 x 2,000 = 200'ohms 

C ,.28xFxXc 

- 6.28 x 10 x 200 

= .0000265 fd. 

= 26.5 fd. 

It is at once seen that a verylarge capacity is required to effect 
a reduction of the AC voltage across the biasing resistor to .1 of 
its.'fofiner value. While it is possible to procure electrolytic 

condensers of this capacity which are of convenient size, there is 
another method often used in A.F. amplifiers by which the reduction 
in the AC voltage. can be made .001 or less of its original value 

and which does not require such a large capacity. 
A circuit of this type is illustrated in Fig. 11. The conden- 

ser Co is connected between the grid return and the cathode. Re- 
membering that. it, is the AC voltage, setup between the grid and the 

fig.13 -A method for securing a steady grid DTs which doss -mot 
require the use of a very large capacity. 

cathode due tothe varying plate current which causes degeneration, 
it is clear that the only voltage which can cause degeneration is 

that produced across Cg, Cr is called the plate filtering condenser, 

and it has a capacity of 1 fd..or more. It is connected between ' 
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the'cathode ánd the lower end. of .the plate coil. Its purpose is 
to by-pass the AC.component of the plate current around the power 
supply and' the resistor Rc. Rq is the grid filtering resistor 
which helps to prevent degeneration. 

To simplify. the explanation of this circuit, it has beén re- 
drawn in fig. 14:- By close inspection we can see that this circuit 
is equivalent to- that of Fig. 11. The power supply and Rc-are 
connected in series, and across this combination is connected Cry. 
The condenser Cr reduces the. AC voltage across the biasing,resis- 
tor to perhaps .1 ofthe value it would have if. no by-passing, were 

Fig.14 The circuit of Flg. 
13 redrawn to illustrate how 
this arrangement is able to 
minimize degeneration. 

used.. It is seen that Rg and Cg are in.series and that their com- 
bination is in parallel with Rc; therefore, any AC voltage across 
Rc is also applied across the combination Rg and Cg. Rg has a re- 
sistance of 100,000 ohms and Cg a capacitive reactance of 1,000 
,ohms at. 10 cycles. Together they form, a voltage dividing. circuit 
and, of,the total voltage appearing'across them, only one -one hun- 
dredth is across Cg, .since its capacitive reactance, is one -one 
hundredth of the resistance of Rg.' As previously stated, .it is 
this voltage across Cg which can cause. degeneration. This :volt- 
age is only .001 of its former value, since 'Cc' reduced it to .1 
and Rg and Cg reduced it, to .01 of .1, which is .001.: 'A capacity 
of .5 to 2 mfds. is. suitable for Cg, depending on the site of Rg. 
If' Rg is á to i megohm, Cg may be made around .5 mfd.; however, 
if Rg is, 100,000 ohms, C9 must be made larger to secure the same 
degree of filtering. The voltage breakdown rating of Cg is low 
and the wattage of Rg can be less than 1 watt. 

By using..this arrangement, it is seen that the actual alter- 
nating voltage between the grid and the cathode has been reduced 
far more -than is possible by using only i condenser across the 
biasing resistor.. Since no, direct current flows through the grid 
resistor Rg, it cán have no effect upon the bias of the -tube. The 
actual bias applied to this tube is the direct voltage produced by 

- the DC component_ of the plate current flowing through the cathode 
resistor, Rc. 

2. VOLTAGE DIVIDER BIASING. Since the plate voltages are 
,obtained by a drop across the voltage divider, it would seem pos- 
sible to use a part of this voltage as. grid bias. Fig. 15 shows 
how this may be, accomplished., The resistor in the diagram repre- 
sents the voltage divider of a power supply;.the filter and recti- 
fier have been omitted to simplify the illustration. Thé negative 
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Fig.16 A -fundamental circuit 
Illustrating voltage divider bi- 
asing. 

w A g 

Tó Filter - 

I end of`the voltage divider is -not connected to. ground as is usual; 

the positive end is connected tcvthe plate. A point, (B), is then 

chosen, somewhere along the voltage divider so that the voltage be- 

tween the positive end and this point is equal to the desired plate 
voltage. A second point, (A), is'selected so that the voltage be- 

tween it and point B is equal to the desired grid bias, and this, 

point is then connected to the grid circuit. Since point A is 

f 
negative with respect to point B, the, grid bias is obtained -by -the 

voltage drop across this part of the voltage divider. If this tube 

1- requires `11j0 volts plate voltage and 50 volts grid bias, the total 

output voltage across the voltage divider would have to be nt least 

} 

100_volts. 

, 

Fig.16 PO,ne tube 
Dias frp'the -vol 

receiving'Lts 
tage divider. 

muzii 
- - 

: 

- In commercial practice, this type.of grid biasing appears as 

shown in Fig. 16. Let us trace the plate current through this cir- 

cuit. The plate current flows from the plate' of the tube to the 

-positive end of the voltage divider, through the filter and recti- 

fier to the center tap of the high -voltage secondary to the nega- 

tive end of the voltage divider, point C. It -then flows through- 

: the lower section of the voltage divider from point C to point B, 
which is grounded.. From ground, it flows to the cathode of the. 

tube, which is also grounded, and, thereby completes its circuit. 
In addition tothe plate current which flows through the lower 

section of the voltage divider; there .is also a bleeder current 
which flows through the entire voltage divider.' SThoe all of this 
current flows from the bottom toward the top of the voltage divider, 
the bottom end is negative with respeot to the top. Also,' the bot- 

tom, ooint C. is negative with respect to ground bythe,amount of 

[ 
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Fig:17 A three-tube'receiver,securing.its bias from the voltage divider. 

voltage dropped. across the lower section of the voltage divider. 
As can be seen, the grid circuit is connected to point C; this 
sakes the grid negative with respect to ground. Since the cathode 
is grounded, the grid is negative with respect to the cathode. 

This method say be used to provide grid bias for several stages. 
Fig. 17 shows a three-tube receiver in which the first tube is the 
detector and the two remaining tubes are A.F.amplifiers.' The bias 
for the detector tube is produced by the voltage drop across the 
cathode resistor. The two A.F. amplifier stages obtain their bias 
from the voltage divider. The top end of ,the voltage divider is 
250 volts positive with respect to ground: A lead is taken off at 
this point to furnish plate voltage for the second A.F. amplifier. 
The first tap below this is at a voltage of 180 volts positive with 
respect to ground,. This tap furnishes plate voltage for the first 
A.F. amplifier. The, tap below this is 90 volts positive with re- 
spect to ground and it furnishes plate voltage for the detector 
stage.- The next tap below this is grounded. It, therefore, 
is B minus, or, likewise, C plus. The,. first tap ,below this is 5 
volts negative with respect to ground and is used to furnish. grid 
bias for the first A.1. amplifier. Finally, the bottom end of the 
voltage divider is 50 volts negative with respect to ground and is 
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used to supply 'bias to the second ,A.F. amplifier stage.- Let . us 
trace the paths of the plate currents:' Current flows from nega- 
tive to positive; therefore, we shall start' at the most negative 
'point in the circuit. This, obviously, is the negative end of the 
voltage divider. The -plate currents of all of the .`tubes start . from 
this point. The plate current of the detector flaws from C -minus, 
up through the voltage divider to the point which is grounded. 
Then, from ground it flogs ,up through the biasing resistor in the 
.cathode circuit of the detector to the cathode, through the tube 
to the 90 -volt tap on the,voltage divider, to the top end of the 
voltage divider, through the'filter and rectifier, and back to C 

minus. The plate current of the first A.F. amplifier flows from 
C minus to C plus (which is 'grounded), to the cathode of the first 
A.F. amplifier, through the tube, to the 180 -volt tap, to the top 
of the voltage divider, and through the remainder of the, power 
supply to C minus. The plate current of the second A.F. tube flows 
from.0 minus -to C plus, to ground, to the center tap of the fila- 
ment winding narked YY and then up through the filament leads (not 

shown in the diagram) to the filament of the second A.F. amplifier, 
through the tube to the most positive end of the voltage divider, 
and through the rest of the power supply to C minus. It should 
be noticed that the, plate current of all of the tubes. flows through 

that part of the voltage divider connected between C mines and C 
plus orground. 

It is now necessary to learn the method'of osloulating'the 
sises of the resistors used in the construction of a voltage di- 
vider. The voltage desired at each of the taps and the current 
to be drawn from each.must be known. Fig. 18 is en enlarged draw - 

a+ 250V - 30 is. 

i 
3OOV 

E 

i)F 
' it .ig An enlarged drawing of the voltage divider used In the - 
receiver of ig 1T. Th s figure Is used to explain the calcula- 
tion of the `voltage divider. 

ing of the voltage divider used in the receiver of Fig. 17. Only 
'the parts essential to the explanation have been included iin the 

diagram. ,We will assume that the second stage A.F. 'amplifier tube 

is a type 45, which requires 250 volts plate voltage, 50 volts grid 
bias,and draws 10 ma. of plate current; that the first A.F. ampli- 
fier stage uses a type 56 tube, which requires 180 volts platevolt- 
.age, 5 volts grid bias, and draws 4 ma. plate current; and that 'the 
detector tube is a type 56, which has 90 volts on its plate, 9,volts 
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on its grid, and draws .2 ma. of plate current. The size of the 
detector biasing resistor is found by determining the resistance 
necessary to produce a voltage drop of 9 volts when the current is .2 
ma. This is: 

R = 9 
.0002 

- 45.001) oluos. 

before the voltage divider resistors can be calculated, the value 
of the bleeder current must he selected. This value is not criti- 
cal, but should he enough to give the power supply good voltage 
regulation. If it is too low, the no-load voltage across the fil- 
ter condensers may be great enough to cause them to break down. 
Let us assume that it is Ill ma. in this case. The total current 
flowing between points F and E in the voltage divider is, as pre- 
viously explained, the sum of all of the plate currents plus the 
bleeder current. Current through: 

Rs = i0 + 4+.:.,' + 10 - 44.2 ma. 

between points F and E of the voltage divider, a voltage drop of 
from -50 to -5 volts, or 45 volts, is desired. Therefore, k is: 

F: 

_ 45 
.0442 

= 1,018 ohms. 

between points E and I), a voltage of 5 volts is needed; there- 
fore, R. is: 

k` .0442 

119 ohms. 

The voltage drop between points I) and C is 90 volts, hut be- 
fore this resistor can be calculated, the amount of current flowing 
through it must he found. Since the bleeder current flows through 
the whole divider, it must flow through this section. The plate 
current of the second A.R. stage is returned te point A; that of 
the first A.F. stage to point P; and that of the detector to point 
C. From the points where these currents are returned, they flow 
upward to point A and then to the filament of the rectifier tube. 
it is then clear that none of these plate currents flows through 
N, and the only current in k, is the bleeder current; therefore, 
R, is: 

9,000 ohms. 
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From B to C, the "voltage drop is from 110 to 90 volts or a 
drop of 90 volts. The currents flowing through this section are: 
the .10 ma. of bleeder current plus the .2 ma. of detector plate 
current, or a total of 10.2 má. Therefore, R, is: 

f r 
R, 

.ól02 

= 8,821 ohms. 

From A to B, the volute falls from 250 to 180 volts,. a. drop 
of 70 volts. Through this section there flows. the 10 ma. of bleed- 
er.current,, the .2 ma, of detector plate. current, and -the 4 ma. 
plate current of the first A.F.stage,-s total: of 14.2 ma.. There- 
fore, R1 is: 

R 1 
. 

_. 

4,929 ohms. 

The power dissipated in R1 may be found by using the Inlay,. 
It is: 

I=R = .0142' x 4;929 

:= .99watts 

In á similar manner, the- power dissipated in R, is found to 
'be .92 watt; in Rs, .9 watt; in R., 22 -watt; and in R., 1.99 watts. 
If separate resistors are to be'used for the various sections of 
the voltage divider, they should have wattage ratings of at least 
twice the actual power dissipated. Thus, all of the resistors ex- 
cept R should be .rated at. 2 watts',.;white 45 -watt resistor should 
be used for Rs. 

It is much safer to use'Ñsistolt with a higher wattage rating 
than the actual power dissipated, since they will probablyibe placed 
where a free circulation of air is not available to carry off the 
heat produced. ' 

.The total power.dissipated in the voltage divider is, the sum 
of the powers used in the separate Sections. It -is found to be 

5.02 watts. If one resistor with four, taps is to be used for the 
- voltage'divider, it should have a wattage rating. of at least 10 

watts, and preferably somewhat higher., BY the preceding method, 
any voltage.divider may be calculated. ' 

.- 3.- SPEAKER FIELD BIASING. There are 'many different methods 
. of securing grid bias and we shall not, in this lesson, attempt to 
study the characteristics of every. type. There is, however, another 
method which has been used extensively, especially as a means of 
providinggrid bias for the power tube or tubes of the receiver. 

After you have studied the lesson on loudspeakers, you will 
learn that dynamic speakers have what is known as a - field winding.. 
The field must be excited from a direct voltage source, and this 
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isausually accomplished by using the speaker field in place of 
one of the filter chokes in the filter system of the power supply. 
By proper arrangement, it is possible to use the voltage drop across 
the speaker field as the grid bias for the power tube'of the receive 
.er. The average speaker field has a resistance of 2500 ohms; 

therefore,, the voltage drop produced across it is sufficient to 
provide, bias for the power tube. 

Fig. 19 shows a method which may be -used to supply bias for 
one - or more tubes of the.. receiver. The center tap of the high - 
voltage winding is not grounded, but is connected to one terminal 
of the field of the dynamic speaker. The.other connection to the 
field is then grounded. Naturally, whatever current flows through 
the rectifier system must also flow through the field windings.. 
This serves to magnetize the speaker field and, at the same time, 
the voltage drop produced across the field by this current flowing 
through it can be.used for grid bias. From the diagram, it can be 
-seen that the center tap of the high -voltage secondary is not at 
ground potential, but is negative with. respect to ground by an 
amount equal to the voltage drop across the speaker field. There- 
fore, a lead may be taken from the center tap of the high -voltage 
winding and the voltage between that point and ground used as grid 
bias. _A filter system must be. provided across the speaker field 
to insure that the bias voltage applied to the grid of the tube 

B+ Max. 

Speaker :To Grid 
Field 

Winding 

FIg.19 Illustrating how the voltage across the speaker field 
;may be used for grid bias. 

.as pure a DC voltage as it is possible to obtain. This filter sys- 
tem consists of resistor R and the two condensers -C1 and Ca shown 
in the figure; it is a low-pass filter. Notice, however; thata 
resistor is used instead of a, choke. This. is possible because no 
direct current flows through, the resistor, since the grid is kept 
negative with respect to its cathode. Therefore, R can be very 
high in value., An ordinary value would be 500,000 ohms. C1 should 
be about S mfd. with a fairly low breakdown voltage, and C, may be 
around .25 mfd. 

. Remember that the actual DC voltage between the 
right end of resistor.R and ground' is equal to the DC voltage be- 
tween the center tap of the high -voltage winding and ground. Since 
there is no direct current. flowing through resistor R, there -is no 
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steady voltage drop across it. When the voltage input to this 
filter varies, the condensers C1 and C, charge and discharge, and 
a small AC current flows through resistor R. The condensers serve 
to short the AC component of the varying voltage to ground, while 

the high resistance greatly reduces the AC component, due to the 

AC charging current which flows through it. This arrangement can 
produce a practically pure DC voltage at its output, thus assur- 
ing a pure DC bias supply. 
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RESISTOR ,: : ; RBSIS'!bR COLQR. CODE_ , : ,L>F, , o 

'.- 

BODY Cozzi' ' END COLOR , Dor Cows 
. . -. , 'i . . - 

Black - ' 

0 
. Black 0 

Brown : ., _ t"- °Y Brown -. . 1 ,Brown ' "-:','*4- 0 
a7 y, . . '- i _ 

Red . 

u' 
1 r1 f Red 14 . 2 ' Red r' ' ^T 00 

L I ' , .t _ y - 

A pa z, 
Orange . y .$ Orge. 'Orange, ,; 000 

^1 

Yellow : ' a . 4 Yellow . 4 . Yellow 0000 

' Green - t. ,. ' 5 -Green : -'#- }; 5 " 'Green , _ 00000 
ty .1 w xr 

Blue ` - i ', ' r,'6 Blue ; : . 
: 6 Blue , - _ .000000 

1 Purple _' , '7 _ Purple : ..,,,,I. J - Purple - 0000000 

Gray t ; 8 ' Gray fi- 7:::_ 8 . Gray = 00100000 
, 

1 , , I .l .:t .-.8 

9 White White ' '` . r '9 _White . 
c t,.. . t: hf??t 

o tt 

The body color of a re istor: denotes the first + o l+ifcaiit figure, 
n 

` ' the end color the,secobd significañt figure and the dot indicates -, r 

the number of ciphers after the first two significant figures. . , 

¡wow: A 850 ohm resistor has an Orange Body, Green End, 
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NOW TO TELL WHAT RESISTOR TO USE 

RESISTANCE 
0+045 

A I 
10.000 1,000.000 

9000 900,000 

8000 800.000 

7000 -7: 700.000 

6000 - 600,000 

SOÓO SOO.000 

4000 -- 400,000 

3000 

2000 

1500 

300,000 

- 200,000 

150000 

1 

100.000 

900 
T 

90.000 

800 
-f{.- 

700 -j- 70.000 

60.000 

500 - 50,000 

400 - 

300 - 30,000 

200 - 20.000 

150 - 0,000 

100 - 10,000 

POTENTIAL DROP 
VOLTS 

A B 
1000 -E 10.000 

B00 8000 

HOW TO USE THIS CHART 

- TO FIND 

WATTS, OHMS,- - - 
VOLTS, MILLIAMPERES 

WA...L....r.444rLy...av 
.r ..w ..n .. J.a. 1441.. 

..r... 44 14.44e..4......1. .... i. . ... 

e.4.1 r r..... 44. 1414 ., ..w.... 
0...4 A . )aO V.1..100 

O. .1.11' E)00000 
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41.tT[ 1[ MT[ 
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400 4000 

300 f_ 3000 

POWER DISSIPATED 
WATTS 

A B 

00 =100 
80 X80 
60 -- 60 

00 40 

30 t 30 

20 t 20 

200 10 ` lo 
_ mug) 

e 

6--6 
4 4 

00-t 1000 3 ? 3 

80 L Boo- - - 
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7 
60 600 

I 

00 000 8 8 

! 
30 300 

6 6 

20 t 200 

6 -Y-60 

0 40 

3 

2 I. 20 

-I 10 

.8 -- 

.6 r 6 

.4 4 .0008 - 0008 

0006 - 0006 

0004 - 0004 

0003 0003 

0002 * 0002 

! 3 

.0001 .0001 J 

4 « 0 

.3 1.3 

.2 - .2 

.1 - 
.08 -- 08 
.06 - 06 

.04 .- 04 

03 - 03 % WAT 

02 - 02 

a -a 
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T 003 .003 

.002 t 002 

CURRENT 
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LISRD BLOW A B 

100 WATT 
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80 8 
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60 } 6 
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WIRE -WOUND 
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10 WAT 40 o- 
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LET'S LOOK AHEAD 
YOUR BASIC FOUNDATION IS ALMOST COMPLETED. 

As you begin the study of this, the twenty-first 
lesson, you have the deep satisfaction of knowing that 
the basic foundation of your future training is two- 
thirds completed. 

Pape by page, lesson by lesson, you have been build- 
ing a foundation that is firm and strong. As you pro- 
gress to the advanced portions of your training, you 
will naturally encounter problems that are more complex. 
But they need cause you no concern, for the knowledge 
you will secure from the first thirty lessons comprising 
Unit One will enable you to master them handily. 

A building of only three or four stories does not 
require a foundation of exceptional strength. A man, 
whose ambitions are limited, may also 'get by' with lim- 
ited knowledge, or a weak foundation. But the higher 
the building and the ambitions of man soar, the stronger 
must be the foundation upon which that building and those 
ambitions must rest. You want to go as high in the radio 
industry as possible. That is why you are building a 

basic foundation of impregnable strength. 

When you have completed Lesson Thirty, you will be 
ready to embark upon an interesting journey that will 
take you through Receiver Servicing, Transmitters, and 
other advanced subjects. But your journey should be 
both pleasant and rapid, for you will be in possession 
of a wealth of valuable information which will clear 
your path of technical obstacles. 

You may look ahead to your future studies with the 
assurance that can only come through a thorough under- 
standing of the fundamentals of electricity and radio. 
And when you have completed those advanced studies, 
you will be able to face the future, secure in the thought 
that your training is built upon a foundation whose 
strength is fully capable of supporting the loftiest am- 
bitions. 

Midland training is complete it goes all the 
way through radio. Stick to it with determination so 
that you can climb to the top, safely beyond the reach 
of 'failure' and blasted hopes. 

Copyright 1942 
By 

Midland Radio & Television 
Schools, Inc. 

PRINTED IN U.S.A. 

QflESPRIflT$ 

KANSAS CITY. MO. 



Lesson Twenty -One 

EXPLANATIO t 
r 

of RATIO an 
PROPORTIO 

"In keeping with the plan 
of waking your course of study as 
complete as possible, I have included 
another lesson on mathematics. It. may be that you did not study 
the subjects covered in this lesson while attending public school. 
Therefore, I suggest that you spend sufficient time on this mater- 
ial to master it completely and thoroughly. 

"A complete comprehension of this lesson will, I am sure, as- 
sist you in learning many of the interesting things to come." 

1. PERCENTAGE. The word "per cent" means "by the hundred". 
The symbol for per cent is %. 5% means 5 per cent or t$a or .051 
Percentage. is merely a convenient means of representing a part of 
,the whole when it is assumed that the whole is divided into 100 
equal parts. 

Since per cent does mean "by the hundred", you should notice 
carefully that the per cent sign stands for two decimal places. 
Thus, 10% is .10; .05% is .0005; 85% is .85; 200% is 2.00; etc. 
To reduce a fraction to the percentage notation, first change the 
fraction into a decimal and then multiply by 100. 

Example: Change -I into an equivalent per cent. 

$= les =.6=60% 

We know that 50% means 50 one -hundredths, or .50, or é. 'There- 
fore, 50% of 300 - i x 300 = 150. The 300 is called the base, the 
50% is called the rate, and the 150 is known as the percentage. 
Listed in tabular form, these definitions are: 

(1) The base is the number of which the per cent is taken. 
(2) The rate is the number of per cent taken. 
(3) The percentage is that part of the base determined by 

the rate. 

1 



There are three types of examples to be considered in the solution 
of percentage problems. They are as follows: 

Type 1. To find the percentage when the rate and base are 
known. 

Type 2. To find the rate when the percentage and base are 
known. 

Type 3. To find the base when the percentage and rate are 
known. 

Let us first consider an example of Type 1. 

Example 1: We know the base and rate and wish to find the 
percentage. Let us say that the base is 60 and the rate 5%. 
Or, in other words, we wish to find 5% of 60. First, the rate is 
changed into a decimal; 5% _ .05! Next, the base is multiplied by 
the rate; .05 x 60 = i. 1, therefore, is the percentage. From 
this example, we can formulate an equation which expresses the 
relation between these three terms. It is: Percentage equals 
base times rate (P = B x R). By using this form of the equation, 
any percentage problem of the first type may be solved. Or, to 
find the percentage, the base is multiplied by the rate. Remember 
to change the rate into a decimal fraction. 

Example 2: What is 72% of 40? 72% _ .72! 40 x .72 = 28.81 
28.8 is the percentage. 

This general equation may, by transformation, be solved for 
the rate. After this has been done, it reads as follows: Rate 
equals percentage divided by base (R = P - B). This form of the 
equation may be used to solve all percentage problems of the second 
type. 

Example 3: Let us assume that the base is 150, and that the 
percentage is 10. To find the rate, 10 is divided by 150. la& = 

=.2=20%. 

Example 4: 20 is what per cent of 120? 20 is the percentage, 
and 120 is the base; we wish to find the rate. Als = 4-= .16tf = 
16 %. 

If the general equation is solved for the base, it then reads: 
Base equals percentage divided by the rate (B = P _ R). This may 
be used to solve all percentage problems of the third type. 

Example 5: Suppose that the percentage is 25, the rate is 5%, 
and it is desired to find the base. Changing the 5% into .05, we 
have: 312W = 500. 

Example 6: 21 is 70% of what number? 21 is the percentage, 
70% is the rate. The base equals W = 10. 

Exercises 

1. What is 32% of 76? Answer: 24.32 
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2. What is 97% of 18? - Ansrier: .17.46 

5. 27 is what per cent of 29? Answer: 93.1 
4. 5 is what percent of 270? . - Answer: 1.1% 
5. 17 is 4% of What number? Answer: 425 
6: 60%. of what .number is 12? Answer: .20 

- 

,- 

The problems heretofore -considered have been of the very 
simplest type. In your future study, there may arise problems to 
which, at first sight, it may appear that the foregoing formulas 

° - do not apply. However, upon analyzing the problem, you will find 
that it is. 'solvable by. the 'application, of .:one or more of these 
formulas., ,..,, . 

Example 7: It is stated that a vacuum tube amplifies s volt- 
. age 18 times. The DC power applied to -the tube is 8 watts; and of 
this power, 62% is lost ie the dissipation of heat. A second vacuum 
tube of a different type will give 25% more amplification with 15% 
less loss. What are the amplification and the loss of the second 
tube, if the DC power applied to it is the same as that of the 
first tube? 

First, to'determine the amplification of the second tube, We 
have given 18 (the amplification of the first tube) and 25% (the 
increase in amplification of the second tube over the first). The 
18 is the base and ,the 25% is the rate. The percentage is: 

- i F,' , _ . 
. 

r,18 x .25 = 4.5 

The totalamplification of the second tube is: 

j: . *,i. 

- .,. 18+4.5= 22.5 
- + I -c , . 

I 

The.last part of the problem states -that 62fí of the 8 watts 
of ̀ DC power is lost..' The actual loss is: 

- 8 x .62 = 4.96 watts 

The loss of the second -tube is_15% less thap.this: 

4.96 x .15 = .744 watts 
r 

The .744 is the difference in power loss between first and second 
'tubes. The total loss of the second tube is, therefore: . 

4.96 - '.744 = 4.216 watts 
" " 

Per cents greater than'100%'are sometimes used 'in percent 
notation. Thus, 6, which is 2 times , is 'said' to be 200% of Y. 
Likewise, 9 is if times 6 or 150% of 6. - 

, 

'h 

2. EFFICIENCY. Suppose that á certain -machine delivers- - 

.of the energy supplied to it as useful work. The remaining } is 
' consumed within the machine itself; that is, it is converted into 
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heat energy due to the friction of the moving parts. We do not 
actually know how much energy is being supplied to the machine nor 
how much can be taken from it, but we do know that for each 5 parts 
of energy supplied to it, 4 of them are useful and one is wasted. 
It is for problems such as these that the idea of percentage is 
particularly useful. It can be said that this machine wastes 20% 
of the energy supplied to it. We are now ready to define a new 
term; it is "efficiency". Efficiency is the amount of useful work 
which can be taken from a machine, divided by the total energy or 
work, which is put tr.to the machine. It is ordinarily expressed 
as a per cent. Thus, we would say that the machine in the preced- 
ing example was 80% efficient, or had an efficiency of 80%. The 
power applied to a machine is known as the input and the power 
which may be taken from the machine is the output. The efficiency 
may be found by the formula: 

Efficiency (in %) = 100 x Output 
Input 

The 100 is used in the above equation in order that the efficiency 
will be given directly in per cent instead of as a decimal. 

Example 1: The DC power input to a vacuum tube is 54 watts. 
The available AC power output is 12 watts. What is the efficiency? 
Substituting in the formula, we have: 

Efficiency = 100 x = 100 x .22 = 22% 

The difference between the output and the input is the power loss. 

Example 2: The efficiency of a tube is `IO%. The output is 
20 watts. What is the power loss? 

The efficiency and output are known. Before the power loss 
may be found, the input must be calculated. This is accomplished 
by changing the formula to read: 

Input = 100 x Output 
Efficiency (in %) 

Substituting in this formula, we have: 

Input = 100 x 4$ = 66.6 watts 

The power loss is: 

66.6 - 20 = 46.6 watts 

The power loss may also be calculated in another manner. The ef- 
ficiency is 30%; this means that 30% of the input is available as 
the output. Therefore, the remaining 70% of the input is the power 
lost in the tube. Thus, the power loss may be determined by first 
subtracting the efficiency from 100%; then the number obtained is 
the per cent of the input which is lost. 
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Power loss.= 70% of 66.6 = .70 x 66.6 = 46.6 watts 

bumph 5: The maximum power which.,may be -dissipated in the 
fora of heat in ",a particular tube is 15 watts. If the tube is 
operating at an efficiency of 40%, what is the permissible power 
input and what output' can be obtained? 

, Of the power input, 40% is available for output power. The 
remaining 60% is lost in the tube. There are two known quantities, 
the power loss (15 watts) and the per cent (60%). The 15 is the 
percentage and the 60% is the rate., The input power is the base 
which must be found. This is a,type,1 percentage problem. The 
base (input power,) is: - 

M= 25 watts 
The,output is 40% of the ,input; therefore: 

Output =-.40 x 25 ='10 watts 

Notice that the sum of the output and the power loss is equal to 
the input (10 15 = 25). 

We shall have occasion to use the idea of efficiency many 
times in the study of radii) transmitting, circuits. 

S. RATIO. In many mathematical problems, it is necessary 
to compare one number with another. Considering -the two numbers 
20 and 10, we may say that,10 is 11V times as large as 20, or that 
20 is +as large as 50. We have then expressed the relation be- 
'tween the two numbers by means of fractions. This relation may 
also be expressed by means of the percentage, notation. We may 
say that 10 is 150% of 20;,or, as it would'sore likely be expressed, 
20 is 6615 of 10. 

There is another method which is -often used to express this 
relation between two numbers. It is known as "ratio". Ratio may 
be defined as the relation between,two numbers expressed by diuidinj 
the first by the second. Thus, the ratio between the two tubers 
20 and 10 is 20 divided by 10, or 2 divided by 1. This is often 
written 2:3, and read as the ratio of 2 to 1. 

A ratio is nothing more than.an indicated division. This is 
also the definition for ,a.fraction,-. so all rules which apply to 
fractions, apply equally well to ratios. It is obvious that. two 
things cannot be,compared unless they are of like kind. Thus, a 
ratio between hours and inches would have no meaning, as the two 
units are in no way similar. Let us try another example. Express 
the relation between the two numbers 12 and 60. Written as a frac- 
tion, this would be 12 divided by 60, which. when reduced to lowest 
terms, becomes }, or it may be stated that these two numbers are 
in the ratio of 1:5. 

The two numbers used in a ratio are called'the terñs of the 
ratio. The first number of the ratio is called, the antecedent, 
the second number the consequent. The antecedent is the dividend 
and the consequent is the divisor. Let us solve a problem involving 
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ratio. 

Example 1: Suppose that $60.00 is to be divided into two 

parts. The amount of money in the two parts is to have the ratio of 

2:9. This means that of each $5.00 of the $60.00, $2.00 will be 

placed in one pile and $1.00 in a second pile. From this, it is 

easy to see that 4- of the $60.00 is to be placed in the first 

pile, and 4- of the $60.00 is to be placed in the second pile. Or, 

the relation may be expressed as a percentage: 40% of the $60.00 
is placed in the first pile, and 60% of the $60.00 is placed in 

the second pile. To solve such a problem by ratio, the two terms 
of the ratio are added together: 2 + 1 = 5. The quantity involved 
is then divided by this sum: 60 _ 5 = 12. To find the amount of 
money to he placed in the first pile, the first term of the ratio 

is multiplied by this quotient (12): 12 x 2 = $24.00. To find 
the amount of money to he placed in the second pile, the second 
term of the ratio is multiplied by this same quotient: 1 x 12 = 
$16.00. Notice that the two numbers, $24.00 and $16.00, are in the 

ratio of 2:1, since 41 _ $. 

Example 2: Suppose that 10 people are to be divided into two 

groups in the ratio of 1:7. How many people will there be in each 
group? The sum of the terms of the ratio is: 

3 + 7 = 10 

When the number of people is divided by the sum, there is obtained: 

is = 1. 

The number of people in the first group is: 

x1 = 9 

The number in the second group is: 

1x7=21 

The ratio 1:2 is said to be the inverse of the ratio 2:13. 

The ratio of the two currents flowing through the two branches of 
a parallel circuit is equal to the inverse ratio of the two resis- 
tances. Fig. 1 shows a parallel circuit consisting of a 4 and a 

u Ohms 

S Ohms 
18 Amp. 

Total Current! 
III 

E Is unknown 

Fig.I Illustrating the application 
of ratio to electrical circuits. 
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5 -ohm resistor: 'The voltage of the battery'is not.knówn,.but the 
total current drawn from it is 18 amperes. 

The ratio of the resistances is 4:5, and the ratio,of the two 
currents flowing through them is the inverse.of this, or 5:4. 

The sum of the terms of this ratio is: 

' 5+4=9. N t 

The lumber of .anpéres (18) when1divided.by this sum gives: 

' s . 

ti 

Therefore, the current through the 4 -ohm resistor is this 
quotient multiplied by 5, since the ratio' must now be used in the 
inverse order. 

_.,2,1í 5= 10 smp. ' (through 4 -ohm' resistor) '. ' T' 

The current, through the 5 -ohm resistor is the quotient multiplied 
by 4: 

- .2 It 4 =. 8 amp. (through 5 -ohm resistor) 

Thus, while the resistors are in the ratio, of 4:5, the correspond- 
ing currents are in the ratio of 'I, or +, or 5:4. 

While many problems may be solved by meaná of -ratio, it is 
sometimes simpler to employ the asthod, of proportion, which we 
shall now discuss. - ° 

' 
- - 

4. PROPORTION. A proportion is 'a statement which eiipresses 
the equality of two ratios. For example: The ratio 1:5 and the - 

ratio 3:9 are equal, -since when written in fractiomal form, both 
can be reduced to }. When the relation is expressed as 1:3 = 3:9, 
it is called a proportion. This is read: 1 is to 3 as 9 is to 9, 
and it is sometimes written 1:3::3:9. It may also be written in 
fractional form as: 3-- 4 As ,previously stated, both taras of 
a ratio must refer to like things. In a proportion, however, the 
two terms which constitute the first ratio do not have to refer to 
the same two things to which the terms of the second ratio refer. 
For example: 2 hours:3 hours = $6.00:39.00. Both terms of the 
first ratio are hours, while both terms of the second ratio are: .; ; 

dollars. This is also a proportion and is correctly stated. s 
The first and last terms of a proportion are called the "mil. 

trews", the second sad third terms are known as the "mamma. In 
the preceding proportion, the 2 and 9 are the extremes,.:asd the.5 

;- and are the'means. This n ,' proportion may also be writte_ 

- hours -36.00 . 

1-14 hours 00 ' 

w '3 9 - 

In which case the extremes and means are the same as before. When . . 

written in this form, it may or may notle considered as a propor 
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tion. If it is, it should be read: 2 hours is to 1 hours as $6.00 

is to $9.00. 
There are three fundamental principles which must be learned 

in order to solve proportional problems. They are: 

1. In any proportion, the product of the means is equal to 

the product of the extremes. 

2. The product of the means divided by either extreme gives 
the other extreme. 

1. The product of the extremes divided by either mean gives 
the other mean. 

To prove these principles, let us use the proportion 1:5 = 

6:10. The extremes are 1 and 10; the means are 5 and 6. The pro- 

duct of the extremes is 1 x 10 = 10; the product of the means is 

5 x 6 = 10. This proves the first principle. The product of the 

means divided by one extreme gives the other extreme: 

or, 

5 6.= 
43 

= 10 (the second extreme) 

5 6 = 10 = 1 (the first extreme) 7W- TIT 

This proves the second principle. The product of the extremes di- 
vided by either mean gives the other mean: 

or, 

9 5 10 = = 6 (the second mean) 

`j 

6 

10 = 

-6- 

= 5 (the first mean) 

Thus, the third principle is proved. If upon applying any of these 
principles, results are obtained which are known to be untrue, the 
original expression was not a true proportion. Several examples 
involving the use of proportion will now be discussed. 

Example 1: If 18 condensers cost $2.16, how much will 5 con- 
densers cost? 

The ratio of the number of condensers in the first instance 
to that in the second is 18:5. If we are to have a proportion, 
another ratio must be found. The cost of the first lot of conden- 
sers is in the same ratio to the cost of the second lot as the pre- 
ceding ratio, 18:5. Therefore; the proportion is: 

18:5 = $2.16:X 
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Where X'is the cost. of 5 condensers, the unknown, X is an ex- 
treme and, by the second principle, it is equal to the. product of. 
the means divided by the other extreme:. 

X = 5 x 2.16 10.80 = $.'60' (Ana. ) 

Notice that the first two terms of -the proportion refer'to number' 
of condensers: while the last two terms.refer to money. 

Example 2: If 4 vacuum tubes cost $1.80, how many vacuum 
tubes can be bought for $3.15? 

The ratio of the costs is 1.80:3.151 The ratio of the number 
óf tubes is 4:X, 'where X is the number of tubes that can be bought 
for $1.15. These two ratios'must be equal and the proportion is: 

4:X = 1.80:3.15 

By,the third principle: 

X= 4 x 1.15 = 12.60 _ 7(Ans.) 
1.80 -117.7ff 

The relation between two variable quantities is often expressed 
by stating that one is proportional to the other. For example, 
the current flowing through a circuit is proportional to the applied 
-voltage. The actual voltage and current are not known, but, what- 
ever the voltage may be, the current will'be such that. the ratio 
of the voltage to the current.is'always the same constant value as 
long as the circuit is not changed. 'When one -quantity is directly 
proportional to another, doubling the value of the first quantity 
doubles the value of the -second; and likewise, halving the value 
of the first halves the value of :the second. Thus, the ratio of 
the first quantity to the second is a constant value. 

The word "directly" must be included in, the preceding -defini- 
tion, since there'are other relationships, between variable quanti- 
ties for which the above conditions do not hold. For example,'we 
know that there is some relation between the amount of resistance 
in a circuit and the amount of current that flows, assuming that 
the applied voltage remains constant. However; as the resistance 
is increased, the current is decreased;'therefore, the two quanti- 
ties are not directly proportional to each' other. Instead, it is 
stated that the current is inversely proportional to the resis- 
tance.; This means that if the resistance is doubled, the current 
is halved; and if the resistance is halved, the current is doubled. 
When two quantities are so related that as'one'of them increases, 
the other decreases at the same rate, the first is said to be in- 
versely proportional to the second. 

Example 3: Fig. 2 illustrates a circuit containing a 20 -ohm 
and a_40 -ohm resistor in parallel. The applied voltage is 120 
volts. By using Ohm's'Law, it is found that the current flowing 
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. 120V 

Fip,2 Circuit used in Example 3. 

through the 20 -ohm resistor is 6 amperes and that through the 40 - 
ohm resistor, 3 amperes. There is evidently some relation between 
the currents flowing through these resistors and the values of 
the resistors. Let us see what it is. The ratio of the two re- 
sistors is 20:40. The ratio of the currents is 6:3. These two 
ratios are evidently not -equal, since 20 divided by 40 is k and 6 
divided by 3 is 2. However, we have said that the current which. 
flows is inversely proportional to the resistance, and so before a 
proportion can be formed, the current ratio must be inverted. The 
proportion then reads 20 ohms : 40 ohms = 3 amperes:1 amperes. This 
is. an example 6f an inverse proportion. 

Example 4: A voltage of 120 volts is.applied across a,paral- 
lel circuit containing a 3,000 and a 4,000 -ohm resistor. If 40 
ma. flow through the 3,000 -ohm resistor, how much will flow through 
the 4,000 -ohm resistor? 

The resistance ratio is 3,000:4,000. The current ratio is 
40 ma.:X ma. The inverse of the current ratio is X ma.:40 ma. 
The proportion should state that the resistance ratio is equal to 
the inverse of the current ratio, or 3,000:4,000 = 1:40. 

X ..42_13.1.999 3.000 -_30 ma. (By principle 3) 
4,000 

In addition to direct and inverse proportion, there are other 
types in which one quantity varies as the square of the other. A 
familiar example is the relation between the current flowing in a 
circuit and the power dissipated as heat (I=R). 

If the resistance is kelt constant and the' current is doubled, 
the power will increase four -fold. Thus, the power.is not directly 
proportional to the current, since they do not increase at the 
same rate. _The power is directly proportional to the square of 
the current. In a like manner, the area of a circle is proportional 
to the square of the diameter. 

Still another type of proportion is the one which relates the 
diameter of a wire to the resistance of a given length of the wire. 
If the diameter of a wire is increased and the length is held con- 
stant, the resistance is. decreased, due to the larger cross section 
of the wire. There is obviously an inverse relation between these 
two quantities, since, one. increases as the other decreases. When 
the diameter ,is doubled, is the resistance halved? By reference 
to any copper wire table, we will find that doubling the diameter 
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rednoes the resistance to ohs -fourthof its original value. There- 
fore, the resistance is not inversely proportional to the diameter, 
but is inversely proportional to the square of the diameter. 

These are the simpler types of proportions and they by no 
means include all of -the ways in which one variable quantity may 
be related to another; in fact, the number of kinds of proportions 
is unlimited.. 

5. POSITIVE AND NEGATIVE NUMBERS. Most of us are familiar with 
at least one application of negative numbers; this is their use to 
indicate temperatures below zero. We know, for instance, that a 
temperature of 15 degrees F.below zero is written -15° F. This is 
just one use, and throughout your study of Radio and Television, 
you will encounter negative numbers several times. For this reason 
it is thought advisable to discuss the fundamental mathematical 
operations involving negative numbers at this time. -Positive num- 
bers are preceded by a plus (+) sign and negative cumbers by a minus 
(-) sign. In ordinary mathematical work, however, when negative 
numbers are not used, the plus sign is omitted from the positive 
numbers since there is no chance of confusion. 

Both positive and negative numbers may be represented by points 
on'a line, -as shown in Fig. 3. Any point on this line is selected 

1 1 1 1 1 I 1 1 1 1 I i I r I I l I 1 1 I 

-10 -9 -8 -7 -6 -5 -i -3 -2 -1 0 +1- '+2 +! +e +5 +5 +7 +8 49 +10 

fig.,. Chart showing the significance of negative numbers. 

and designated as zero; then, all positive numbers will lie to the 
right of this point and all negative numbers to the left, as shown 
in the diagram. 

All the positive numbers ; and all the negative numbers, to- 
gether with zero, form a system known as algebraic numbers. The 
absolute or numerical value of a number is the value of that number 
without regard to its sign. Thus, 1 and +3 have thessame absolute 
value. 'We are now ready to consider the operation of adding both 
positive and negative numbers. Referring to Fig. 3, suppose that 
we wish to add 2 to.6. Starting from 6, we count two places to the 
,right -and arrive at 8: So we say 6 * 2 = 8. To add +3 to -2, start 
at -2 and count three places to the right, arriving at *1. We, 
therefore, say that -2 + (+3) _ +1. To -.add +I to -7, start at -7 
and count 3 places to the right, arriving at -4. We, therefore, 
say that -7 + (+3) =,-4. To add a.positive number, we count to the 
right; to adds negative number, we must count to the left. For 
example, add -5 to -+3. Starting at +3, count 5 laces to the left, 
arriving at -2. We, therefore, say that 3 + (-5) =.-2. to add a 
-3 to a -2, start at. -2 and count 3 places to the left, arriving 
at -5. .Therefore, 5 + (-2) =-55. The general rules for the addi- 
tion of algebraic numbers is as follows: 

1. The algebraic sum of two numbers having like signs is 
equal to the sum of their absolute values with the com- 
mon sign prefixed. 
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. 2. The'algebraic sum of two numbers having unlike signsis0 
equal to the difference between their absolute values 
with the sign of -the greater in absolute value prefixed.l 

Let us try a few examples using the above rules. To add a +51 
talk +3, add their absolute values, which is 8, and prefix a (+) sign 
(+8). To add a -4 to a -7, add their absolute values, obtsinin4 
11, and prefix a (-) sign (-11). To add a -7 to a +3, take their 
difference (4), and prefix a (-) sign (-4), since the -7, which 
has -the greater absolute value, is a negative number. 

' -w E, Exercises'. ' _ . 

Add the following: T 

4 1. -9234 and +3461 ' 

2. +8261 and -7432, . _ . 

3. -561 and -221 1. Vari 
A. +387 and +422 ; 

Tt /never: -5773 1 
'- :. Answer: .*851 - _ 

,`;a.t Answer: -782 
.Answer: +809 - 

The subtraction of algebraic numbers will be very easy if Toll 
have learned the rules for adding algebraic numbers. Sabtractiola 
is a process just opposite to that of addition, and the only rune 
one needs to remember in the subtraction of algebraic numbers is: 
Change the sign of the,subtrehends and then -add according to the 
rules for the addition of algebraic numbers. Let us see how this 
works out. Subtract +1 from +8. Changing the sign of the subtr- 
head, we have a -5. To add a 3 and a +8, we find their differease 
(5) and prefix the sign of the +8, since it has the.greater absolute 
value (+5). Therefore: 

r: ,(+8) ---(+13)- +5 
To subtract -4 frol -11 change -4 to +4; find the'difference 
prefix the (-) sign (7). - 

(-11) (-4)-- -7 :` µ, 

To _subtract -5 from +8, change -5 to +5; and add algebraically: 

(7) ; 

r. 
- 

- ' (+5) + .(+8): --+13 W 

To subtract +3 from -11, change +3 to -5; since -11 and -3 now h$ve 
like signs, find their sum (14) and prefix the common sign (-14)'. 

' ' ' (-11) - . (+3) - -14 ' , . 

'In all the subtractions so far given, the absolute valueof' 
the subtrahend has been less than the absolute value of the minuetd. 

1 The'subtrahend is deftnid In. lesson4.'Un1t I.' _ 
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This, however, is not always the case. For example, +8 may be sub- 
tracted from +5. Changing the sign of the +8, we obtain -8, which, 
when added algebraically to +5, gives -3. To subtract -9 from +2, 
change the -9 to +9 and then add to obtain +11. These examples 
should serve to illustrate the applications of the foregoing rule. 

Exercises 

1. Take -21 from +36 Answer: +57 
2. Take +34 from +12 Answer: -22 
3. Take +13 from -20 Answer: -33 
4. Take -18 from -5 Answer: +13 

hultiplication of algebraic numbers involves no great difficulty. 
There are just two simple rules to remember. They are: The product 
of two numbers having like signs is a positive number. The product 
of two numbers having unlike signs is a negative number. Fcr example, 
+3 x +4 = +12; -7 x -1 = +21; +8 x -4 = -32. 

The rules which apply to the multiplication of algebraic num- 
bers also apply to their division. They are: The quotient of two 
numbers having like signs is a positive number. The quotient of 
two numbers having unlike signs is a negative number. 

Example: +12 = +1 = +4; -18 = -9 = +2; -36 _ +6 = -6. 

Exercises 

1. -21 x +17 Answer: -391 
2. -14 x -12 Answer: +168 
3. -128 = +32 Answer: -4 
4. -256 + -64 Answer: +1 
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Resistance of Insulating Materials 

Material 
tte,itivity, 
megohms xr 
square inch- 

mi . 

Asbestos 7 
Asbestos and muslin, oiled 850 
Cotton, single covering 10 

Cotton, single covering, soaked in paraffin 11,800,00.) 
Cotton, dodble covering 10 
Cotton, double covering, shellacked 2.5 

Fiber, red, vulcanized 470 
Mica 33,000 
Micanite cloth, flexible 440,000 

Micanite paper, flexible 500,000 
Micanite plate, flexible 320,000 
Oiled cloth 950 

Oiled paper, double coat 1,800 
Brown paper 2 
Paraffined pape^ 11,800,000 

Rubber sheet 3,000,000 
Shellacked cloth 30 
Silk, single covering 50 

Silk, single covering, shellacked 75 
Bilk, double covering 50 
Silk, double covering, shellacked 75 

'A megohm = 1.000,000 ohms. This column qives 
resistances in rre gohnts for a square inch of ma- 
terial A, in. in thickness. 
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AUGUST, 1877 
A REVOLVING PIECE OF TIN FOIL SPEAKS! 

One August day in 1877, John Kreusi, the man who 
made the first model of Edison's talking machine from a 

crude sketch, was so startled at hearing a human voice 

speak, 'Mary Had A Little Lamb', that he excitedly ex- 

claimed, 'Mein Gott in Himmel!' 

And little wonder that he was so startled, for 

this voice came, not from a human throat, but from a 

tiny horn. It had been recorded on a piece of tin foil, 

and represented the first successful recording and re- 

production of sound. 

John Kreusi and thousands of other people were a- 
mazed. To know that the human voice could be recorded 
on a piece of tin foil, and then be reproduced at will, 
seemed beyond belief. But today, people are not sur- 
prised at machines that talk and sing. They accept, 
without thought, the wonderful accomplishments which 
make it possible for them to turn a tiny switch and 
listen to marvelous electrical recordings of great or- 
chestras and prominent people. 

The very fact that most of us are inclined to calm- 
ly accept the wonders created through the inventive mind 
of man is largely responsible for our lack of foresight 

in taking advantage of the opportunities created by those 
wonders. We fail to appreciate the comforts and higher 
living standards they have made possible. And we also 

fail to appreciate the actual money -making opportunities 
placed within our reach. 

Perhaps we should say, 'SOME of us fail to appre- 
ciate the money -making opportunities'. YOU realize that 
such opportunities exist, for you are preparing yourself 
to take advantage of them. Other ambitious and fore- 

sighted men are doing the same. However, you should 
guard yourself carefully against the advice of well- 
meaning but poorly informed people, who, because they 

know very little about the vastness and future possi- 

bilities of the Radio -Television industry, may be in- 

clined to discourage you. Remember this always 

IT'S YOUR FUTURE THAT IS AT STAKEI INSURE IT BY 

STICKING AND STUDYING! 

Copyright 1942 
By 

Midland Radio 8 Television 
Schools, Inc. PRINTED IN U.S.A. 

KANSAS CITY. MO. 



Lesson Twenty -Two 

TUNING 

CIRCUITS 

"Of course, you have 
.. 

undoubtedly tuned a radio re- 
ceiver many times, but when tun- Í i 
ing that receiver, did you not won- , :r 

der why it was possible to turn a knob 
and thereby select the station that you desired to receive? 

"The subject of Tuning Circuits is both important and inter- 
esting. I am sure you will derive alot of pleasure in understand- 
ing how it is possible to tune from one station to another." 

1. A BRIEF REVIEW OF SERIES AND PARALLEL RESONANCE. A com- 
plete discussion of series and parallel resonance was given in Les- 
son 14 and it is not our purpose to repeat that material here. 
Rather, we shall briefly review the most important properties of 
each type of resonant circuit. 

A resonant circuit is one that contains inductive reactance 
and capacitive reactance. At the resonant frequency, the two re- 
actances are exactly equal and, having opposite effects upon the 
phase angle, they balance each other. In this case, the only op- 
position to the flow of the current is that offered by the total 
resistance of the circuit which, ordinarily, is quite low. These 
are the conditions necessary for series resonance. Since the op- 
position to the flow of current at the resonant frequency is lim- 
ited only by the resistance of the circuit, the flow of current 
will ordinarily be very great at resonance. At frequencies lower 
than or greater than resonance, a smaller value -of current (higher 
impedance) will flow. It may, therefore, be stated that one of the 
most important properties of a series resonant circuit is that it 
allows a maximum current to flow through it at the resonant fre- 
quency. 

The voltage developed across either the coil or the condenser 
is equal to the current flowing through that element times its 
reactance. Since the current at resonance is very large, the volt- 
age developed across the coil or condenser is high and may ex- 
ceed the applied voltage many times. This may be said to be the 
second important property of a series resonant circuit. 
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' In a parallel resonant circuit, the current flowing through 
the. coil is.180° out of phase with the current flowing through the 
condenser, provided that the resistance in the circuit is negligi- 
ble. The line current, or current flowing from the voltage source, 
is equal to the difference between the coil current and condenser 
current. Therefore, at resonance, it would be zero if the coil 
current and condenser current were exactly equal and exactly -180° 
out of phase. Since the presence of resistance in the circuit, due 
to the conducting wires, the turns of the coil, condenser plates, 
etc., precludes the possibility of attaining this phase difference, 
there will always be some line current flowing. However, at the 

resonant frequency, this line current will be minimon and the smal- 
ler the total resistance of the circuit, the lower this minimum 

will become. This is one of'the important properties of a parallel 
resonant circuit. 

At the resonant frequency, the current flowing through the 

coil and condenser is rather large, perhaps many times,as great as 
the actual, line current itself. This may be said to be the second 
important property of a parallel resonant circuit. 

2. CALCULATION OF THE REGNANT FREQUENCY.1. At resonance, the 
inductive reactance of a circuit .is equal to the capacitive reac- 
tance. The inductive reactance is 6.28 x F x L and the capacitive 
reactance is 1 + (6.28 x F x. C). 'In accordance with this necessary 

condition, these two expressions may, be equated as follows: 

6.28xFxL ._ (1) 

It is a well-known fact that if both sides of an equation are mul- 
tiplied by the same thing, the balance of the equation is not des- 
troyed. Get 'equation.(1) be multiplied by F; it will then reed: 

6..28xF' XFxL = .28XFxC (2)' 

-The two F's in the right member ofequation (2) will'cancel, leav- 
ing: 

6.28 x F= x L (3) 

' Let both members of equation -(3) be divided by 6.28 x L; Wilma ' 

reads:, 

Ibxe 
xs/ 

' while several formulas are given In the presentation of this subject, it is 

. not necessary to memorize all of these. However, you must be surethat you understand 
how to use them. 
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i 
Or: 

I -^ (6.28) Fx L. x .0 
(4) 

Taking the square root of'both sides of, the. equation, we obtain: 

F 
6.28 xl 4' -(5) 

By dividing l'by 6.28, 'we obtain .159, and equation (5) becomes: 

F 
x 

(6) 

This equation gives the frequency in cycles, at which the inductive 
reactance of the circuit is equal to the capacitive reactance, when 
L is expressed in henries and C in farads. Since it is much -.more 

' convenient to use a formula expressing the frequency in, kilocycles, 
the inductance in microhenries, and the capacitance in microfarads, 

- the preceding equation is usually transformed to make thispossible. 
It then becomes: F=S 

F is in kilocycles 
Where: L is in iicrohenries 

C is in microfarads 

(7) 

Before proceeding farther, let us demonstrate the use of this 
equation by a few examples. 

Example 1: At what frequency will a circuit be .resonant if it 
contains an inductance of 100 miprohenries and a capacitance of 100 
micromicrofarads? 

Solution: Before substitution can be made.in the formula, the 
100 mioroaicrofarads must be converted into miorofarads. This is 
accomplished by dividing -it by 1,000,000, thereby obtaining .0001 
aicrofarad. Substituting these values in equation (7), there is 
obtained: 

uJ.. VC r 

F - 159 

100 x .0001 

= -151- 

= 1590 Hc. (Answer) 



Example 2: At what frequency will a circuit containing a 1 - 

henry coil and a 1-microfarad condenser be resonant? 

Solution: Since the inductance is given in henries and the 

capacitance in microfarads, it would be easier to use formula (6). 

This may be done if the 1 microfarads are converted into farads. 

Dividing 1 microfarads by 1,000,000, there is obtained .000001 farad. 

Then, by substitution in this formula, we have: 

F= .]59 
1 x .000001 

.159 

.000009 

- .159 

.001 

= 51 cycles (Answer) 

It is often desirable to know what particular value of capaci- 

tance should be used with a given value of inductance to produce 

resonance at a given frequency. A formula for the easy determina- 

tion of this may he derived by the following method: 

If equation (4) is multiplied by C, it becomes: 

F= 
x (6.28)2 L 

= L 
(6.28)2 x L 

Hy dividing this last equation by F2, we arrive at this expression: 

Or: 

Or: 

C 

1 

(6.28)2 
x L x F2 

1 

(6.28)2 x F2 x L 

1 

19.44 x F2 x L 

C - .0251 

F2 x L 

C is in farads 
there: F is in cycles 

L is in henries 

4 

(8) 
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colt is often celled a tuned circuit: If its capacity is variable, 

it may be made resonant st different frequencies by changing the 

amount of capacity in the circuit. Since the term 'tuned circuit" 

is somewhatAmore 'cannon then "resonant circuit", it shall. be used in 

the future. = 

A tuned circuit is, shown in Fig. 1. It. consists of a conden- 

H^ . z177í - 

Fl g..1 Aalppl.e oscillatory 'circuit; r, 
ser -connected across a coil. Whether this circuit shown in -Fig.. 1 
is a series ors parallel tuned circuit will depend, of course, up- 
on how the voltage is applied to it. Ina following paragraph, the 
exact distinction between parallel and. series tuned circuits will 

be given. Before discussing the oscillatory action of a tuned cir- 

cuit, it is advisable to obtain a general ides of oscillation and 

oscillatory action as applied to mechanical systems. 
The word "oscillate" means to swing back and forth in a reg- 

ular periodic motion. -Undoubtedly the most familiar example of an 

oscillation is the swinging of a clock pendulum. Let us tiea piece 
of string to a pinr bob -and make our own pendular as shown in Fig. 
2. When undisturbed, the pendulum hangs vertioaily, as shown at A 

f19.í An oscillating pendulum. 
A PPenndlm 

d spsace d to one aide. In this position, Its energy is potential: 
C edalum passing through its rest position. Its energy la now kinetic. 
0 Pendulum at lts.extrems right position. Its energy is again all potential. 

-in the figure. Suppose that the pendulum is now displaced to the 

left and held in this position as shown at B. When so placed, the 

pendulum possesses potential energy for, -if allowed to fall, it, 

would do work. It possesses potential energy due to the fact that 

1,1 it has been raised above its normal level, as shown by the distance 

(o) -in the diagram. 
If the pendulum is now allowed to fart, it will start to re- 

-turn to its normal position and will increase its velocity as it 

travels. Since its level is being lowered, it _ is losing its po- 



,tential energy, but is acquiring kinetic energy as its: velocity is 
increased. 'At the instant the'pendulum reaches its normal'position, 
as. shown at C.in the figure, it possesses no potential energy; it 
is still traveling at a rapid rate, however, and therefore: possesses 
considerable kinetic.energy. In fact, the kinetic energy that it 
possesses at this point is very nearly equal to -the potential ener- 
gy it had at B. The kinetic energy will carry it on past its nor- 
mal position and canse it to rise on the opposite, side._ As it be- 
gins to rise, it gains potential energy; and, since its velocity is 
decreasing, it loses kinetic energy. Finally, it reaches the point 
shown at D in the figure. Here all of its energy is'potential and 
is very nearly equal to the original potential energy given to it. 
This is not strictly true, because a small amount of the energy must 
have been dissipated as heat in overcoming the friction of. the air, 
when the pendulum bob passed through it. . 

The pendulum continues to swing back and forth, or to'oacil- 
late, changing its energy from potential to kinetic and back to po- 
tential, etc. During each swing, a small amount of this energy is 
converted into heat as the pendulum bob overcomes the friction of, 
the air and so,. during env given swing, the total energy' possessed. 
by the pendulum is very slightly less than that of thepreceding. 
swing. Finally, all the energy originally imparted .to the penda- 
lum is dissipated in the form of heat. and the pendulum names to a 
rest. 'Electrical oscillations in a tuned circuit or oscillatory 
circuit are very similar to the mechanical oscillations of a pen- 
dulum. 

(A) 

N 

(D) ' (E) 

Fig., Illustrating the action of an oscillatory circuit. 
(A) Condenser charged and switch open. The energy,in-this 

circuit I'¢ lectrostatic. 
(B) Condenser discharged;' maximum current in coil. The 

energy la electromagnetic. - 

(C) Condenser charged in opposite. direction;, edergc Is 
electrostatic. 

opposAte' 
0) Condenser discharged;. maximum current through caul in 
irection; energy is electromagnetic. 

(E) Condenser again charged in same direction as. on in- al,ly. .The ,energy i.n the circuit has .again changed to electrostatic. 
Let us suppose that:by some means, a condenser is charged and 

is connected across a coil, as shown at A in Fig. 5. The switch 
in.the circuit is open; the condenser cannot discharge; the energy 
possessed by the tuned circuit is wholly electrostatic. 'This would 

(C) 
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correspond to holding a pendulum over to one side of its swing and 
not allowing it to fall. The charged state of the condenser is 

indicated by the electrostatic field around it; the lines drawn be- 
tween its plates are electric lines of force. 

The switch is now closed. Immediately the condenser begins 
to discharge; a current flows from one plate of the condenser, 

around through the coil to the opposite plate. This current cre- 
ates a magnetic field around the coil which is accompanied by a 

self-induced voltage within the coil tending to prevent the rise 
of the current. The current, therefore, rises slowly and reaches 
its maximum value just at the instant when the condenser is com- 
pletely discharged. This condition is illustrated at B in the 

figure. Since the condenser is completely discharged, its elec- 
trostatic field has disappeared. The current, however, is maxi- 
mum and the magnetic field surrodnding the coil has attained its 

greatest strength. This point of the oscillation is analogous to 
C, Fig. 2. wherein the pendulum was at the center of its swing and 
possessed no potential energy, but did possess considerable kinetic 
energy due to its motion. Likewise, the energy of the tuned cir- 
cuit is no longer electrostatic, because the condenser is not charged, 
but is wholly electromagnetic since a strong magnetic field is pres- 
ent about the coil. 

As the condenser is now completely discharged, this large val- 
ue of current will begin to fall. As it decreases in value, the 

magnetic field about the coil collapses; in so doing, it induces a 
voltage within the coil, which tends to keep the current flowing 
in the same direction. The current does continue to flow and there- 
by charges the condenser in the opposite direction to which it was 
originally charged. This condition corresponds to D in Fig. 2, 
wherein the pendulum after passing through its center point used 
its kinetic energy to carry it above its normal position, which re- 
sulted in changing its kinetic energy into potential energy. In a 
like manner, the magnetic energy about the coil caused the current 
to continue to flow and to charge the condenser, thereby reconvert- 
ing the magnetic energy of the coil into electrostatic energy. 

The electrostatic energy possessed by the condenser at C is 
probably not as great as at A; that is, the condenser is not charged 
to quite as high a voltage. Some of the energy which it possessed 
at A was used to overcome the resistance of the circuit and thus 
was converted into heat. 

The condenser, which is now charged in the opposite direction, 
will begin to discharge and will create a magnetic field about the 
coil. The current will begin to fall; the magnetic field will col- 
lapse; the induced voltage in the coil will cause the current to 
continue to flow, and the condenser will be charged in the same di- 
rection as originally. These conditions are illustrated in D and 
E, respectively, in Fig. 1. 

Therefore, it is seen that a tuned circuit is very similar to 
a pendulum. Current oscillates back and forth between the coil and 
the condenser and the energy is periodically changed from electro- 
static (in the charged condenser) to electromagnetic (in the magnet- 
ic field about the coil). The oscillations continue until all of 
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the energy originally bestowed upon the condenser has been converted, 
into heat by the ohmic resistance of the circuit. The oscillating 
current is, of course, an alternating current, since it reverses its 
direction. The frequency -of this alternating current depends upon 
two things: the inductance of the coil and the capacitance of the 
condenser. Its frequency will be the one to which this tuned cir- 
cuit is resonant and may be determined by formula (7). 

If either the inductance of the coil or the capacitance of the' 
condenser is increased, the frequency of this oscillating current 
becomes lower. With a larger inductance, the tendency of the in-. 
duced voltage to prevent the current from increasing will be even 
more effective and it will take it a longer time to rise to its max- 
imum value. Likewise, it will require a longer time to charge a 
larger capacitance, and, therefore, increasing the size of either 
element will lower the frequency of this oscillating current. 

r.., _ ......,, 

( 

J L - (A) 
Fig. (A Waveform of the oscillating current in a circuitcoh - 

taining but little. resistance. 
(B) Waveform of the oscillating current n a circuit.coe - 

talning considerable resistance. This wave is more .damped".-,' 

The waveform of the oscillating current is shown at A in 
Fig. 4. In this case, the resistance of the circuit, was 'Made .as 
low as possible and it is seen that the current oscillates through 
.any cycles before it finally dies down. At B in the same figure 
is shown the effect of adding a small amount of resistance to the 
tuned circuit. It is at once noticed that the presence of this 
resistance causes the oscillating current to decrease.very rapidly. 
When each peak is slightly smaller than the preceding one, the cur- 
rent is said to be a "damped oscillation". Thus, A is slightly 
damped, while B is highly damped. 

A tuned.circuit is often called a "tank" circuit, since it 
has the ability to store energy through one part of the cycle and 
release it during the following part. 

It should be noted that any disturbance which canses'the.con- 
denser of the tuned circuit to become charged will set up these 
oscillations in the tuned circuit at the frequency found by formu- 
la (7). This frequency is called the natural frequency of the.'oir- 
cuit and the oscillations produced are known as free oscillations.'.; 

Let us now investigate the use of a tuned circuit in -receiving - 
radió signals. Fig. 5 shows a circuit in which the antenna is coup- 
led to a tuned circuit, which in turn is connected between the, grid 
and cathode of a vacuum tube. This could be either 4 detector or. 
an R.F. amplifier circuit. 

The electromagnetic wave in the ether will strike the antenna' 
and induce therein R.F. voltages which are exact reproductions of 
the R.F. current produced by the station in its broadcasting antes- 
na. These R.F. voltages produce an R.F. current flow from the anten.- 
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fig.s A circuit used to receive , 

radio signals. 

ea, through the antenna`coil to ¢round, and then in the reverse or-; 
der as the current reverses direction. 

The antenna circuit is, itself, a tuned circuit. It contains 
inductance both in the antenna coil and in the antenna wire as all 
oonduotors possess'some inductance. The capacitance of the antenna 
circuit is that which exists between the antenna wire and the earth; 
that is; the antenna is one plate of a condenser and the earth, or 
ground, is the other plate. 

The oscillating current flowing through the antenna circuit 
creates a changing magnetic field around'the antenna coupling coil 
A. This induces R.F. voltages into B,, the' coil of the tuned cir- 
cuit. These R.F. voltages are, of course, of exactly the same wave- 
form as the R.F. currents flowing in the antenna circuit. 

Before continuing this discussion, we mast now deteruine wheth- 
er the tuned circuit in this figure is a series or a parallel tuned 
circuit. The following rules.should enable you to very,easily dis- 
tinguish the two types. 

, 71. In a series.tuned circuit, the voltage source' is 
. _, in series with the coil and with the condenser. 

Any current that flows from the voltage source 
rust flow through both -the coil and the condenser. - 

.t. - - In a parallel tuned circuit, the tuned circuit, as 
'a unit, is in series with the applied voltage. 
The current that flows through the coil and the 
current that flows through the condenser are not 
necessarily of the same value as that which is 
forced to flow by the voltage source. ' 

1?\ 1 

It,might be thought that the tuned circuit shown in Fig. 5 is 
a -parallel tuned circuit; this, however, is untrue. The voltage 
source in this case is the voltage induced directly into the turns» 
of Coil B. Whatever current flows through coil B must also flow 
through the tuning condenser C. The application of the voltage to 
this circuit may - be- represented by the -circuit shown in Fig. 6. 
The coil has been divided into two sections and an AC alternator 
connected between them; it is, thus, easy to see that this is a 
series tuned circuit. Actually, a voltage is induced in each turn 
of the'coil and a -true representation would show an alternator be- 
tween each two turns.. 

An example of 'a parallel tuned circuit' is shown in Fig. 7. 
The voltage source may be considered to be within the tube and it 
is evident that the value of the current flowing through the tube 
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Fig.6 A ci4cuit equivalent to, the 
tuned circuit of Fig. 5. The alter- 
nator represents the total voltage 
induced from A into 8 in Fig. 5. 

is not necessarily the same as that which flows through the coil 
or through the condenser. Also, the tuned circuit, as a unit, is 
in series with the voltage source.' This, therefore, is a parallel 
tuned circuit. As a general rule, those used in the grid circuits 
of vacuum tubes are series tuned, while those used in the plate cir- 
emits are parallel tuned circuits. 

t 

Fig.7 Showing .horia parallel tuned 
circuit may be used with avacuum tube.. 

I 
,Having satisfied ourselves that;the' circuit shown in Fig. 5 

is a series tuned circuit, we shall continue the discussion of how 
its oscillatory action may be applied to. receiving radio signals. 
The R.F. voltages induced in the coil Bcharge 'the 'condenser C, 
thus starting oscillations in the tuned circuit; the current surges 
back and forth between the coil and condenser. 'If the resonant 
frequency or -natural frequency of the tuned circuit is equal to the 

. frequency of the incoming radio signal, theR.F.'voltages induced 
in the coil B will be timed correctly to reinforce the oscillating 
current -of the tuned circuit. 

Again the pendulum analogy may be used to advantage. The osc- 
illating pendulum of a clock would soon dissipateall its energy 
and would come to rest. in a vertical position were it not for' the 
fact that in swinging back and forth, it is given a push during each 
of its swings by the escapement wheel of the clock's movement., These 
energy pulses are so spaced as to produce a maximum effect and are 
sufficient in amount,to compensate.for the -loss of energy due to 
friction. 

In a like manner, the R.F. voltages induced in coil B occur'at 
such intervals- as to add energy to 'the tuned circuit, and if this 
energy is enough to counterbalance that lost in the resistance of 
the circuit, the oscillations will not be damped -or die out, but 
each peak of the oscillating current will have an amplitude equal 

- to the preceding one (assuming that the R.F. signal is annodulated). 
When such is the case, the current in the tuned circuit is said to 
be producing sustained oscillations and the waveform of the current 
will be that shown in Fig. 8. ' - - 
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A 100% modulated R.F. voltage will vary in amplitude from zero 
to twice its unmodulated value and thus the energy applied to the 
tuned circuit will vary similarly. This causes -the amplitudes of 
the oscillating current to fluctuate in direct accordance with the 
variations of the modulated R.F. signal. 

.-r..-r- e 

theicircuitVeifsrproduf cingrsustaineed 
oscillations. All peaks are of the 
same amplitude. 

If the resonant frequency of the dined circuit is not equal to 
the frequency of the incoming signal, the voltages induced in the 
coil B will not be timed correctly to reinforce the oscillations 
occurring in the tuned circuit and may, in fact, even interfere with 
them. Therefore, the value of the oscillating current under these 
conditions will be very, -very lbw. 

When the tuned circuit is resonant to the frequency of the in- 
coming signal, the oscillating current in flowing through it produces 
fairly large voltages across both the coil and the condenser.- Since 
ene side of the condenser is connected to the grid and the -other to 
the cathode, -the voltage across the condenser maps be used to vary 
the grid voltage. This is a -modulated R.F. voltage and must be de- 
teoted before being applied to a loudspeaker or a pair of headphones. 

4. GAIN OF A TUNED CIRCUIT. As was explained in Lesson 14, 
the voltage across the coil or the condenser of a series, tuned cir- 
cuit'at resonance msy be much larger than the applied voltage. The 
_ratio of the voltage across the coil or the condenser to the applied 
voltage at resonance is called the "gain" of the tuned circuit. The 
calculation of this gain will now be considered. 

Fig.9 Diagram to illustrate the 
gain of a tuned circuit. Et is the 
voltage developed across the con- 
denser; E1 is the voltage induced 
into' Ls. 

In íg. 9; the applied voltage is Es; it is ^the voltage in- 
duced in Le from L,. At resonance, the inductive reactance of 
the coil is'equal to the capacitive reactance of the condenser 
and the only opposition to the current flow is that due to the 
resistance of the circuit which is designated by R in -the figure. 
The oscillating current is, therefore: - - 

This current floifs through the capacitive reactance of,the oondea 
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áer and produoes`the voltage drop.E, This is: ' - 
S J 

J. n ' II - 

'e 

- t. 

When the value for' I in -equation- (11) i's'-substiiñted -in 'equeitioa 
(12), the following results:'. ,. 

`E, ` _, Ste 'lc :- (11) i;v" 

The ratio of the. voltage across the condenser (Ea).tQ the ¡if/Out .. 
voltage (E1) is the gain of the tnned,circuit. This -is found by 

- 

dividing. equation (13) by El: - ' _e' : , 

if.. 1-- 

'Ig+1 15., 
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1 

Or: t 
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a gain I ' :.r.- ^ - . 5 ...t-) . , , . ^ i . 'I 

From the foregoing, it' is seen that the gain of the.cirouit is 
to the reactance of either the coil or the condenser -(since 

t are equal. at resonance), divided by the resistance. Thus, 
greater the reactance or the smaller the ohmic resistance of :! 

the'circuit, the greater will be the gain ,óf the tuned circuit. 

Example 5: Suppose'that the voltage induced -in the soil is 
1 millivolt (.001). It is assumed that the reactance of either'the- 
coil or the condenser at the frequency under consideration is.1,000 . ' 

ohms and that the total resistance of the tuned circuit is 10 bhms.' r "' 

What is the gain of the tuned circuit and how much voltage is de,' 
veloped across the condenser? 

. 
. 

Solution: 'The gain is found by using formula (14) . , It. is: . - r 

3, c1 . 

. Gain.: IM 
1, 

1'1 - 
100 ;.1 ti Y. ,á. 

n s. , , : . . ' 
Since the gain is 100, the voltage developed across the condenser 
mast be equal to the applied voltage multiplied by the gain, or: 

:001 x 100: ' _ .1 volt rt-, .r. ' i 

From the foregoing example, it is evident that the towed cir- 
cuit greatly increases the signal voltage before it is applied to 

1; 

..r:-,c7".,nR,,, 
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the grid of the tube. This, of course, is very desirable since the 
strength of the signal induced in the antenna is very low, sometimes 
not more than a few microvolts. 

5. SELECTIVITY Or A TUNED CIRCUIT. Aseries resonant circuit 
has a preference for current of the resonant frequency, and currents 
of frequencies either higher or lower than this will encounter a 

greater opposition in flowing through the tuned circuit. 

Constant 
Voltage 
Variable 
Frequency 

396 

.Q1 -21C ? I IC1 K 
.0001 IC) mfo 

Fi9.10 Circuit used to 
obtain the graph Shown in 
Fig.11. 

Fig. 10 shows a tuned circuit coupled to the output of a volt- 
age source which has a constant voltage and a variable frequency. 
Since the voltage induced in the tuned circuit is in series with 
the coil and with the condenser, it is a series tuned circuit. The 
coil has an inductance of 196 microhenries and the condenser a ca- 
pacity of .0001 microfarad; the total resistance is 10 ohms. By 
formula (7), the resonant frequency of the tuned circuit is found 
to be b00 kilocycles. At frequencies lower than resonance, the ca- 
pacitive reactance will be greater than the inductive reactance and 
the net reactance will not be zero. Likewise, at frequencies higher 
than resonance, the inductive reactance will be greater than the 
capacitive reactance and, again, the net reactance will not be zero. 

Fig. 11 shows how the inductive, the capacitive and the net 
reactance of this circuit vary as the frequency is changed from a 
value below to a value above resonance. The heavy vertical line 
through the center of the graph indicates the resonant frequency, 
800 kilocycles. It is noticed that the scale along the vertical 
or Y axis is in two parts and extends from zero to several thousand 
in either direction. Values below the zero line represent capaci- 
tive reactance, while those above represent inductive reactance. 
From the graph, it is evident that at S0 kilocycles (the resonant 
frequency), the two reactances are equal and the solid line, which 
represents the net reactance, is zero at this point, since it crosses 
the zero axis. The inductive reactance increases in a uniform man- 
ner as the frequency is raised; its graph is a straight line. The 
graph of the capacity reactance, however, is not a straight line. 
At very low frequencies, the capacitive reactance is quite high and 
as the frequency is raised, the reactance decreases rapidly at first 
and then at a slower rate. The net reactance is, of course, the 
difference between the inductive and capacitive reactance at any 
particular frequency. 

It would be instructive to plot a graph showing how the cur- 
rent in the tuned circuit varies in value as the frequency of the 
applied voltage is changed. Before constructing such a graph, let 
us compose a table listing the values of the several elements of 
the circuit shown in Fig. 10 at various frequencies. we shall as - 
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Fig.11 Illustrating how the inductive reactance, the capacitive 
reactance, and the net reactance of the circuit of Fig. 10 vary as 
the frequency of the applied voltage is changed from 200 to 1400 kc. 

some that a constant voltage of one millivolt (.001 volt) is in- 
duced into'the coil L at any frequency at which the voltage source 
might be set. The following table will furnish material for the 
construction of the graph. 

Frequency 
KC. 

inductive 
Reactance 
(XL) Ohms 

Capacitive 
Reactance 
(Xc) Ohms 

Net Reactance 
(Xn) Ohms 

Impedance 
(z) Ohms 

Current 
Microamps. 

Voltage 
Across 

Condenser 
(IxXc) 

750 1865 2123 258 258.2 3.9 

Volts 

.008 
760 1890 2095 205 205.2 4.9 .010 
770 1915 2068 153 153.3 6.5 .013 
780 1940 2041 101 101.5 9.9 .020 
785 1952 2029 77 77.6 12.9 .026 
790 1965 2016 51 52. 19.2 .039 
795 1977 2003 26 27.9 35.8 .072 
800 1990 1990 0 10.0 100.0 .199 
805 2002 1978 24 26. 38.5 .076 
810 2014 1966 48 49. 20.4 .040 
815 2027 1954 73 73.7 13.6 .027 
820 2039 1942 97 97.5 10.3 .020 
830 2064 1919 145 145.3 6.9 .013 
840 2089 1896 193 193.3 5.2 .010 
850 2114 1873 241 241.2 4.1 .008 

From the information contained in this table, the current 
flowing in the tuned circuit is plotted along the Y axis and the 
frequency along the X axis. The resulting curve is shown at A, 
Fig. 12. From this curve, it is plainly evident that the amount 
of oscillating current is low except at the resonant frequency. 
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850 kc. If it were not for the principles involved in this graph 
and table, it would be impossible to have more than one station on 
the air at a time in any one vicinity. Otherwise, the radio re- 
ceiver would receive the signals of all the local stations equally 
well, would amplify them equally well, and the output from the loud- 
speaker would be a conglomeration, unintelligible to any one. 

The use of tuned circuits, however, makes the simultaneous op- 
eration of many stations in the same locality possible. Although 
the stations may produce equivalent voltages in the receiving an- 
tenna, only that station whose frequency is equal to the resonant 
frequency of the tuned circuit will build up sufficient voltage 
across the condenser to produce appreciable amplification. This 
ability of a tuned circuit to allow the easy passage of one fre- 
quency and to tend to reject all others is known as its "selectiv- 
ity". 

The process of tuning consists of varying the capacity of the 
tuning condenser until its capacitive reactance at the frequency 
of the desired station is equal to the inductive reactance of the 
coil at that frequency. When the stage is correctly tuned to the 
desired frequency, a maximum signal voltage will be applied to the 
tube and maximum amplification will be obtained at that frequency. 
Likewise, frequencies greater than or less than the desired fre-. 
quency will suffer discrimination. 

6. EFFECT OF RESISTANCE UPON SELECTIVITY. The effect of re- 
sistance. in a series tuned circuit is to decrease the amount of 
current flowing at the resonant frequency in a greater proportion 
than it decreases the current flowing at other frequencies. At 
the resonant frequency, the only opposition to the current flow is 
the ohmic resistance of the circuit. Naturally, if this ohmic re- 
sistance is made larger, the amount of current flowing at the res- 
onant frequency will be reduced. At frequencies slightly off res- 
onance, the opposition to the flow of current consists of the ohmic 
resistance and the net reactance, which together makeup the imped- 
ance of the circuit at that frequency. An increase in the resistance 
of the tuned circuit does not affect the net reactance and changes 
the impedance only slightly; therefore, the percentage of reduction 
in the current at frequencies slightly off resonance is much less 
than the reduction at the resonant frequency. 

This fact is illustrated in the curve of Fig. 12. Notice that 
when the resistance is 10 ohms, the current that flows at 800 kilo- 
cycles, the resonant frequency, is 100 microamperes. Increasing 
the resistance to 20 ohms (curve B) produces a current flow at this 
frequency of 50 microamperes; thus doubling the resistance in the 
circuit has reduced the current flow at the resonant frequency by 
one-half. Now, consider a frequency of 805 kilocycles. When the 
resistance in the circuit is 10 ohms, the current is 18.5 microamp- 
eres. Increasing the resistance in the circuit to .20 obms'reduces 
the current flow at 805 kilocycles to 32.1 microamperes. This con- 
stitutes a reduction of about 16% compared to a 50% reduction in 
the current flow at the resonant' frequency. 

Thus, the effect of resistance in the tuned circuit is to flat 
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ten out the resonance curve, making it less sharp and, in conse- 

quence thereof, less selective. Its ability to discriminate be- 

tween the resonant frequency and all other frequencies is greatly 

reduced. 
The idea of selectivity may be viewed in two different lights. 

One may consider that a voltage slightly different from the reso- 

nant frequency will produce a lesser effect, since at this fre- 

quency the inductive reactance and the capacitive reactance do not 

balance and.the impedance of the tuned circuit is greater than at 

the resonant frequency; therefore, the amount of current which may 

flow in the tuned circuit is less and the voltage developed across 

the condenser smaller. On the other hand, one may consider that 

the application of a voltage to the tuned circuit of any frequency 

would tend to set up an oscillating current as previously explaineu, 

in the tuned circuit. Ihis oscillating current would, i:' no fur- 

ther energy were added to the tuned circuit, soon die out, sine^ 

the oscillating current would expend energy in overcoming the re- 

sistance of the circuit. If there were no resistance in the cir- 

cuit (a theoretical case), the oscillating current would continue 

to flow at its same amplitude for an indefinite period. This con- 

dition may be realized by supplying enough energy to the tuned 

circuit to offset that which it loses in overcoming the resistance. 
This energy which is to be added to produce sustained oscillations 

must be correctly timed; otherwise, it would hinder, rather than 

aid the maintenance of the oscillations at their maximum value. 

Only a signal of the resonant frequency would have its energy pulses 

so timed as to maintain continuous oscillations at a maximum value. 

Signals other than the resonant frequency might produce feeble os- 

cillations at their own frequency, but such oscillations are rela- 

tively small. When a circuit is caused to oscillate at a frequency 

not its resonant frequency, it is said to be producing ''forced os- 

cillations. Such oscillations are very small compared to those 

produced at the resonant frequency (free oscillations). 

7. SIDEBAND FREQUENCIES. Before it is possible to discuss 

selectivity further, it will be necessary to investigate another 
phenomenon with which selectivity is closely associated. As ex- 
plained in Lesson 18, a modulated radio -frequency wave varies in 

amplitude at an audio -frequency rate as shown at A, Fig. 11. In 

an earlier lesson, it was shown how a pulsating direct current 
waveform could be resolved into its AC and DC components. In a 

like manner, a modulated R.F. wave may be resolved into its several 

constituents. It does not have a DC component, but is composed of 
three separate AC components. 

The proof underlying this theory will not be given, since it 

involves mathematics beyond the scope of this course. 
Let us assume that the modulated R.F. wave of A, Fig. 13, has 

a frequency of 1,000 kilocycles, or 1,000,000 cycles and that its 

amplitude is varying at a rate of 2,000 cycles per second. Such 

a wave would be produced by a station operating upon an assigned 
frequency of 1,000 kilocycles, if a tuning fork of a 2,000 -cycle 
frequency were struck in front of one of the station's microphones. 

The first of the three AC components of such a waveform is an un - 
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FIg.iS (A A modulsted radio-Irequency wave. 
is Carrier-treqúency component of wave shown at A. 
C Lower sideband frequency component of same wave. 
D Upper sideband,frequency component of this wave. 

modulated R.F. wave, having a frequency of 1,000 kilocycles; the 
second Component is an unsodulated AC wave having a frequency of 

998,000 cycles; the third component is an AC wave with a frequency 
of 1,002,000 cycles. These three components are illnstrpted at B, 
C and D in Fig. 11. The first one, whose frequency is 1,000,000 
cycles, is known as the carrier frequency. The second, whose fre- 
gnency is 998,000 cycles, is known as the lower sideband frequency 
and the third, whose frequency is 1,002,000 cycles, is called the 
upper sideband frequency. The frequency of the lower sideband is 
equal to the carrier fréquency (1,000,000' cycles) minus the audio 
frequency contained in the modulated R.F. wave (2,000 cycles). 

i The frequency of the upper sideband is equal to the carrier fre- 
quency plus this audio frequency. .Notice that the amplitudes of 
thesideband frequencies are, only half as great as ,that of the 

. eie rrr frequency, assuming that the R.F. wave is 100% modulated 
:'., *own in Fig. 13. These sideband frequencies will exist whenever 
_ t0'. wave or waves sodniates an R.F. wave. The relative. position 
-ipd.amplitude of the, carrier and its sideband are shown in Fig. 14. 
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Lower Side 
Band Freq. 
998,000 
Cycles 

Carrier Frequency 
1,000,0.00 Cycles 

Upper Side 
Band Freq. 
1.002,000 
Cycles 

Fig.1u Relative positions 
and amplitudes of carrier wave 
and sideband frequencies when 
carrier is modulated by a sin- 
gle tone. 

Let us now assume that the R.F. wave of ahigh-fidelity broad- 
casting station is to be analyzed. For high fidelity, all audio 
frequencies between 'Wand 10,000 cycles must be transmitted. Again 
assuming that the assigned frequency of the station, or its carrier 
frequency, is 1,000 kilocycles (1,000,000 cyycles), when this 1,000,000 
cycles is modulated with a 30 -cycle audio note; the sideband fre- 
quencies produced are: 

1,000,000 + 30 = 1,000,030 cycles 

1,000,000 - 30 = 999,970 cycles 

Also, when the carrier fl.auency of the station is being modulated 
by a 10,000 -cycle audio note, the sideband frequencies produced are: 

1,000,000 + 10,000 = 1,010,000 cycles 

1,000,000 - 10,000 = 990,000 cycles 

When the station is broadcasting high-fidelity programs, the 
lower sideband of frequencies will extend from 999,970 cycles down 
to 990,000 cycles. The upper sideband of frequencies will range 
from 1,000,030 cycles to 1,010,000 cycles. The relation between 
the carrier and the upper and lower sidebands is illustrated in Fig. 
15. Notice that although the station is broadcasting on an as - 

Lower 
Side 
Band 

Carrier Frequency 
1,000,000 Cycles 

Upper 
Side 
Band 

990 1000 
KC KC 

20 KC 

1010 
KC 

Fig.15 Relative positions and am- 
plitudes of carrier wave and sideband 
frequencies when carrier is modulated 
by all audio tones between 30 and 
10,000 cycles. 

signed frequency of 1,000 kilocycles, it is actually broadcasting 
on all frequencies ranging from 990,000 to 1,010,000 cycles, a to- 
tal band width of 20 kilocycles. 

Ordinary broadcasting stations, not of the high-fidelity type, 
usually broadcast the audio frequencies ranging from 100 to 5,000 
cycles. Thus, a station whose assigned frequency is 800 kilocycles, 
or 800,000 cycles, would have an upper sideband of frequencies be- 
tween 800,100 and 805,000 cycles, and a lower sideband of frequen- 
cies between 799,900 and 795,000 cycles, a total band width of 
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10;000 -cycles, or 10 kilocycles, as shown in Fig. 16. This means 
that this station is '.actually broadcasting -on all the frequencies 
within this 10 -kilocycle band. It is for this reason that the pres- 
ent allocation,,of frequencies in the broadcast band is such that 

Carrier 
Frequency 

nd 
frequencies 

Carrier 
ve modunlationefrom 

100 to 5,000 cycles-. Sand 
Tar . 
land 

795 e0o 005. 
KC KC KC 

10 KC 

_the assigned frequencies of various stations differ from each'other 
by at least 10 kilocycles. If all the stations throughout.the 
oonntry were to broadcast high-fidelity programs, they would each 
need a band width of 20 kilocycles, and as- a result, there would 
be only half as many 20 -kilocycle channels in the present broad- 
cast band as there are now 10 -kilocycle channels. - 

,It should be evidentthat the radio receiver mast be capable 
'of amplifying all'the radio frequencies within this bend of 10 
ocycles lqually well, if there is to be no frequency discrimination; 
that is, if the balance between the.high and low audio notes is to 
be maintained in the same proportion that it had at its origination. 
Then, every sideband frequency, both of the upperand lower side - 
bands, must receive the same amount of amplification. - Unfortunately, 
a tuned circuit is resonant at just one frequency and -not to a band 
of frequencies. To receive this 800 -kilocycle station with abso- 
lute freedom from frequency distortion, the tuned circuit should 
respond equally well. to all frequencies between 795 and 805 kilo- 
cycles. Reference to curve A in Fig..12 will show that such is not 
the case. 

Carrier 

FIg.17' Ideal response curve. 

10 KC - 

The"ideal respopse'curve of a tuned circuit has a rectangular 
shape as shown in Fiji. 17. All frequencies within this 10 kilocy- 
cle bend width would receive the same amount of gain due -to the. 

tuned circuit. All frequencies not in this band_would receive ab- 
aolutely no gain. Such a theoretical ideal can never be achieved y; 

in practical construction. Notice curve B of Fig. 12; this isa 
resonant curve of the tuned circuit when it contains 20 ohms resin- - 

taaoe. While it is by no means the theoretical rectangular curve 
-:of Fig. 17, nevertheless the band'of frequencies between 795 and 
x;.805 kilocycles receive more -'nearly the same amount of gain than they 
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do in the same tuned circuit when the resistance is only 10 ohms. 
Now notice curve C; the amount of amplification received by the 10 - 
kilocycle band is, for all practical purposes, constant for every 
frequency within the band. However, also notice that other fre- 
quencies lying outside of the band receive almost as much gain as 
those within the band. While a response curve of this type would 
give excellent fidelity, that is, there would be no frequency dis- 
crimination, a curve of this type would produce very little selec- 
tivity. Other broadcast stations operating upon either 790 or 810 
kilocycles would be received almost as loudly as the 800-ki'.ocycle 
station to which the receiver was tuned. 

It would seem that to have high fidelity, selectivity must be 
sacrificed. While the amount of sacrifice need not be as great as 
that shown in curve 3, it is true that a compromise must be made 
between selectivity and high fidelity. Naturally, the sharper the 
resonant curve of the tuned circuit or circuits of the receiver, 
the greater will be the selectivity and the better able the receiv- 
er will be to pick up one station and reject all others. On the 
other hand, due to the phenomenon of sidebands, if perfect repro- 
duction (high fidelity) is to be obtained from the receiver, it 
must amplify not one frequency, but a band of frequencies at least 
10 kilocycles and preferably 20 kilocycles in width. This demands 
a fairly flat resonance curve which may be obtained by inserting 
resistance in the tuned circuit, or, as we shall later see in the 
study of superheterodyne receivers, it may also be secured by tun- 
ing the various tuned circuits of the receiver to slightly differ- 
ent frequencies, thus making the over-all response curve of the re- 
ceiver fairly flat throughout the desired band width. 

The curve shown at A in Fig. 12 is ordinarily not obtainable 
with tuned circuits, such as used in receivers; that is, most prac- 
tical tuned circuits contain more resistance than the one used for 
the derivation of this curve. Furthermore, one tuned circuit will 
not provide sufficient selectivity for the proper operation of a 
receiver and at least three and preferably more tuned circuits must 
be used in every receiver to provide the desired selectivity. Fig. 
18 illustrates the response curves of various tuned circuits. The 
one at A is very selective; notice that at a frequency just 5 kilo- 
cycles from resonance, the response is only 20% as great as it is 
at the resonant frequency. These frequencies of 795 and 805 kilo- 
cycles correspond to an audio frequency of 5,000 cycles. Therefore, 
a 5,000 -cycle audio frequency, if present at all in the output of 
the loudspeaker of this receiver, would be very, very weak. Other 
audio notes would be suppressed in a proportional amount, depending 
upon their frequency, the lower audio notes receiving the least sup- 
pression. Curve B is somewhat more desirable. At frequencies 
5 kilocycles off resonance, the response is 90%o. Curve C is, as far 
as fidelity is concerned, quite excellent. Its response at 5 kilo- 
cycles off resonance is about 97%. The conditicn represented by 
curve A produces "sideband cutting"; that is, all the frequencies 
in the sidebands do not receive the same amount of amplification. 
Such acondition always results in poor tone quality from the loud- 
speaker of the receiver. Curve B would give much better tone qual- 
ity and curve C would probably give excellent tone quality. Curves 
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typical tuned circuits. 
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B and C, however, indicate rather broad tuning; that is, they admit 
a very large band width of frequencies. We must remember that there 
are probably -other stations operating upon frequencies of 790 and 
810 kilocycles and by reference to this figure, it is seen thatthe 
response of curve.0 is 90% at these frequencies. Its selectivity, 
therefore, is very, very poor. Curve B,- on the other hand, has a 
response of about 40% at 10 kilocycles off resonance where the ad- 
jeoent channel stations would lie. One way out of this difficulty 
is to_design the tuned circuits to provide the necessary selectivi- 
ty and then to design the audio -amplifier stages to amplify the high 
frequency audio notes more than those of low frequency. Since the 
output of the detector is particularly deficient in high audio notas 
due, to the sideband cutting, the characteristic of the audio ampli- 
fier will tend to amplify these weak, high-pitched audio notes more 
theh the low ones and thus tend to produce the correct balance- be- 
tween the highs and lows in the output. 

8. PARALLEL TUNED CIRCUITS. In Lesson 14, it was learned that 
a parallel tuned circuit offers maximne opposition (impedance) to 
the flow of current from the voltage source at the resonant fre- 
quency and relatively;low impedances at frequencies to either side 
of resonance. This phenomenon is the result of the phase differ- 
ence between the coil current and the condenser current. It was 
shown that if the two currents were 180 degrees out of phase and 
were exactly equal, the line current- would be zero. However, since 
all circuits contain some resistance, it is impossible for thecoil 
current to be exactly 180 degrees out of phase with the condenser 
current and, as a result, they cannot perfectly cancel. Therefore, 
there is a minimum line'current flowing, even at the. resonant fre- 
:qudncy. In addition,, it was learned that the line current is in 
phase with the applied voltage and that a parallel tuned circuit 
_has the characteristics of a resistor; that is, it causes no phase, 
difference between the line current and the applied, voltage at the 
-resonant frequency. At frequencies below resonance, the coil cur- 
rent is greater than' the condenser current and the tuned circuit 
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acts lib an inductor; that is, it causes the line current to lag 
the applied voltage. On the other hand, at frequencies above.res- 
onalnce, the condenser current is greater than the coil current and, 
as a result, the line current leads the applied voltage and the 
tuned circuit sets like a capacitor. 

Fig.i9 Plot of line, current 
against frequency' for a peral-= 
lei tuned. circuit. 

FREQUENCY 

It is possible to draw a resonant curve for a parallel tuned 
circuit. The line current say be plotted against the frequency. 
liken this is done, a. curve similar to that shown in Fig. 19 is ob- 
tained. Notice that the line current is practically cónsteut ex- 
Dept for frequencies near resonance. The more usual curve repre- 
senting parallel resonance is that obtained when the shunt "hived - 
awe of the tuned circuit is plotted against the frequency. The 
shunt impedance is, as you will remember, the applied voltage'di- 
vided by the line current, or it any be thought of as the impedance 
into which the voltage source is forcing current. liken such a carve is oónstruoted, it has the appearance of the one shown'in Pig. 20. 
Notice. that this curve is very similar to the one plotted 'fur'a series tuned circuit, except that shunt impedance is-plQtted:.against 
frequency instead of .current. . 

Fig.20 Plot of shunt: 
Impedance of á parallel 
tuned circuit against 
'frequency. 

'FREQUENCY 

The fact that a parallel tuned circuit ants like a very high 
resistor,'. at the resonant frequency, makes it valuable for use as a 
plate load impedance for a vacune tube amplifier stage. Ii_,the 
1.egecin on audio -frequency amplifiers, it was, cede evident that'fór 
:appreciable gain :from. an amplifier stage, the plate load resistor 
Or iapedenoe should be very large compared to the plate .resiste oe 
of the tube. One of the disadvantages of a resístanoe-eoupled_aoi- 

. 
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dio amplifier is -that the use of a very large resistor in the plate 
circuit necessitates a high -voltage -power supply, since a good part 
of the voltage of the supply_is dropped across the -plate load re- 
sistor and is not available for plate voltage. 

A parallel tuned circuit could not be used with en audio amp- 
lifier for the following reasons. The ordinary audio amplifier must 
amplify all frequencies from about 50 to 5,000 cycles. The upper 
frequency limit (5,000 cycles) is one. hundred times as great as the 
lower frequency limit (50 cycles). It would not be possible to de- 
sign any tuned circuit, either series or parallel, that would offer 
the same impedance to a 50 -cycle current that it would to a current 
having a frequency one hundred times as large (5,000 cycles). On 
the other hand, it is easily possible to constrict a parallel tuned 
circuit that will offer practically the same impedance at radió 
frequencies to a band'of frequencies 10 kc. wide. Why this is pos- 
sible will now be shown. Snppose'that the frequency band extends 
from 1000 to 1010 kc. In this case, the upper frequency limit 
(1010 ko.) is only 1.01 times as great as the'lower frequency_ limit. 
It ins -thus evident that'the band width to which a parallel resonant 
-circuit will offer practically the sale impedance depends on the 
position 'of this band of frequencies in the frequency spectrum. 
This same tuned circuit would offer essentially the same impedance 
to a 100-kc. bend between 10,000 and 10,100 kc. Avery high imped- 
once can be obtained by the use of a parallel tuned circuit and; at 
the same time, there is practically no DC voltage drop across it, 
which eliminates the need of a high -voltage power supply. 

Additional selectivity is obtained by the use of a parallel 
tuned circuit as the plate load of á vacuum tube, since frequencies 
of undesired stations, if they are able to get into the grid cir- 
cuit of a vacuum tube would be amplified oaly slightly as the par- 
allel tuned circuit would offer 'practically 'no impedance to the 
frequencies of the undesired' stations; therefore, their emplifics- 
tion would be practically negligible. As we shall learn -in the 
lesson on radio -frequency amplifiers, certain precautions must be 
observed when using parallel tuned circuits as plate leads for 
vacuum tubes. Such amplifier stages,have a tendency to be' unstable 
and special care must betaken in their design. 

Increasing the resistance of a parallel tuned circuit changes 
.the resonance curve es shown in Fig. 21. Curve A is fora parallel 

FIg.21 -Illustrating w 
the effect of resist- _ Resonant 
anca in a parallel tuned Frequency 
circuit upon its shunt 
impedance. 
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tuned circuit that contains 10 ohms resistance and curve B is for 

one containing 20 ohms. Notice that the addition of resistance to 

the tuned circuit causes the shunt impedance to be lower at the 

resonant frequency. The value of the shunt impedance at the res- 

onant frequency may be found by this formula: 

Shunt impedance = x 

R 
C 

L is in henries 
Where: C is in farads 

R is in ohms 

(15) 

This formula is derived by the use of mathematics too complicated 
to be given at this time. It is, also, only approximate and be- 

comes more inaccurate as the resistance of the tuned circuit is 
increased. 

The resonant frequency of a parallel tuned circuit maybe found 
by formula (7), which was used to determine the resonant frequency 
of a series tuned circuit. This, however, is possible only if the 
resistance of the parallel tuned circuit is low. Since this is al- 
ways the case with parallel tuned circuits used in Radio and Tele- 
vision, this formula .rill be satisfactory for practical use. Ac- 
tually, however, the presence of resistance in a parallel tuned 
circuit will affect tie resonant frequency very slightly; it has no 

such effect upon the resonant frequency of a series tuned circuit. 
Notice that formula (15) which gives the shunt impedance of a 

parallel tuned circuit at the resonant frequency contains the re- 
sistance (R) of the tuned circuit in the denominator of the frac- 

tion; as R is made larger, the shunt impedance is decreased. The 

inductance (L) is in the numerator; therefore, as the inductance 
is increased, the shunt impedance is increased. The capacity (C) 

is in the denominator; therefore, an increase in capacity would re- 
sult in a reduction of the shunt impedance. It can thus be seen 

that the ratio of the inductance to the capacity has considerable 
effect upon the shunt impedance of the parallel tuned circuit at 
resonance. To produce resonance at a given frequency, many differ- 
ent values of inductance or capacity could be used. The only re- 

quirement is that their product (L x C) be of the correct value to 
satisfy formula (7), which gives the resonant frequency of a tuned 
circuit. 

For example, suppose that it is desired to construct a paral- 
lel tuned circuit to be resonant at 1,000 kilocycles. Substitut- 
ing this value of 1,000 kilocycles in formula (7), there is ob- 
tained: 

1,000 _ 159 

JLxC 

When both sides of this equation are multiplied by L x C, 

the following results: 

1,000 x L x C = 159 
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-Next, this equation'is'divided by 1,000, which gives: 

.19, ` -1--- 

:. . 1111 _ ¡ . 
1.I 

Finally, thii last egnation'is,sgaared and the'fóllowing expression 
is, obtained: 

C 

41 

This means that to be resonant at a frequency of 1,000 kilo- 
cycles, the product of the inductance in wicrohenries and the ea- 
peeity in aicrafareds mast be equal to .025281. It does not state 
that the inductance of the capacity aust be any definite value,'but 
that their product must be equal to this number if the circuit is 
to be resonant at 1,000 kilocycles. The following table shows what 
values of inductance and capacity could be used to produce a cir- 
enit-resonant at this frequency. 

t 

Other values, of course, could be used, but these will serve to il- 
lustrate our purpose. As an exercise, it would be well for you to 

r 

.L x C = .025Z81' 
.. 

CAPACITY INDUCTANCE 

:0001 alcrotarad'a al aferohen-ries 

-4 

prove that these values of capacity and inductance will produce 
resonance at 1,000 kilocycles, by snbstituting them is formula (7) 
and solving for the frequency. j 

Let us now assume that the resistance of the parallel tuned 
circuit is to be 10 ohms. We shall ealeúlate the shunt impedances 
of the parallel tuned circuit, using the three different sets of 
values given bathe preoeding table. To substitute in foamla (15), 
L should be in henries and C in farads; however, if they are in 
aiorohenries and aiorofarads respectively, the same answer will be 
obtained, since their ratio will be unchanged.' Substituting the 
first set of values in formula (15), we obtain: 

Shunt impedance = x 1904a1_ 252,810 ohms - 

For the second set of values, we obtain: 

Shunt .impedance 
10 x .0002 

For the third set of values, we obtain: 

; Shunt impedance = 1 Y 84 
10 111 

= 61,200 ohms 

_. 28,090 ohms 

- s If the Inductance Is given in ai11Ihenriss. however. It 

, henries and the capacity to farads In order to prevent confusion. 
should be converted to . 
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All three of these parallel tuned circuits are resonant at 
1,000 kilocycles; yet the shunt impedance offered by each of them 
at the resonant frequency is different. From the above results, 
there may be seen the desirability of using a large value of in- 
ductance and a low value of capacity in constructing a parallel 
circuit to have as large a shunt impedance as possible. 

We must, of course, realize that using a larger value of in- 
ductance means that more turns of wire will be wound upon the 
coil; this will increase its resistance. It is practically impos- 
sible to increase the inductance of a circuit without increasing 
its resistance somewhat. The resistance, however, will not in- 
crease as fast as the inductance. For example, in the first set 
of values, the coil has `i times as much inductance as it has in the 
third set. It is very probable that its total resistance would be 

at least 14 times as much as it is in the third case. Thus, while 
there would be an increase in the shunt impedance when the induc- 
tance of the coil is increased, such action would increase the to- 
tal resistance and the increase in the shunt impedance would not 
be as large as might be expected. 
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THE L x C PRODUCT FOR COMMON FREQUENCIES 

The L x C product means the product of the inductance and ca- 
pacity required to produce resonance at a certain frequency. In 

the following table, the inductance must be in microhenries and the 
capacity in microfarads. 

FREQUENCY 
IN 

KILOCYCLES 
L x C 

FREQUENCY 
IN 

KILOCYCLES 
L x C 

10 253. 1050 .02297 

20 63.3 1100 .02093 

30 28.14 1150 .01915 
40 15.83 1200 .01759 

50 10.13 1250 .01622 
60 7.04 1300 .01498 

100 2.53 1350 .01389 
150 1.126 1400 .01292 

200 .633 1450 .0120u 

250 .405 1500 .01126 

300 .2814 2000 .006332 

350 .2067 3000 .002814 
400 .1583 4000 .001583 
450 .1250 5000 .001013 
500 .1013 6000 .000704 
550 .0837 7000 .000515 
600 .0704 7500 .000450 
650 .0599 10000 .000253 
700 .0515 15000 .0001126 
750 .0450 20000 .0000633 
800 .0396 30000 .0000282 
850 .0350 50000 .0000101 
900 .0313 60000 .0000070 
950 .0281 100000 .00000253 

1000 .02533 300000 .000000281 



Notes 
(These extra pages are provided for your use in taking special notes) 
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TROUBLE SHOOTERS 
WILL POWER, DETERMINATION, AMBITION 

A howling blizzard drives out of the north. The 
temperature drops close to zero. Snow piles in huge 
drifts along the highways. Then, without warning, com- 
munication is interrupted and the daily routine of the 
affected communities is seriously affected. 

At the very first indication of interrupted ser- 
vice, the trouble department swings into action. They 
do not wait until the storm subsides. Neither do they 
sit idly by, hoping that everything will come out all 
right. They don heavy clothing, leave warmth and com- 
fort for zero temperatures and frosted ears, and face 
the gusty, snow -laden wind in aheroic attempt to locate 
a 'dead wire'. 

You will agree that locating the seat of trouble 
amid amaze of far-flung communication lines is not easy. 
Particularly, under unfavorable weather conditions. But 

regardless of inconvenience, the trouble must be 
located and remedied so that the normal routine of the 
business world can roll along without interruption. And 
this also applies to life YOUR LIFE. 

You want to progress toward your objective --SUCCESS 
--without interruption. But should trouble occur 

something which would threaten your progress 
you could not afford to sit idly by and say, 'Oh, well, 
I'll wait until the storm blows over and then start over 
again.' If you did this, you might wait for years and 
years and never arrive at your objective. You want to 
call your 'trouble shooters' into action without delay 

'Will Power', 'Determination', and 'Ambition' 
overcome whatever it may be that is threatening your 
future success AND THEN CONTINUE RIGHT ON TO SUCCESSI 

Practically évery successful man has, at one time 
or another, had his plans for success interrupted. If 

they had permitted such interruptions to discourage them 
and had 'quit', they would not be successful today and 
enjoying the rich rewards of prosperity.' When the going 
gets the toughest, grit your teeth, tighten up your 
belt, and WORK AND FIGHT HARDER THAN EVERI Remember, 
that when your efforts are rewarded by the golden smile 
of success YOU WILL BE ABLE TO TAKE IT EASY AND ENJOY 
LIFE WHILE THE FELLOWS WHO 'QUIT' ARE WONDERING WHERE 
THEIR NEXT MEAL IS COMING FROM. 
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Lesson Twenty -Three 

REGENERATION 
and 

VACUUM TUBE 

OSCILLATORS 

!, 

_ :,,p_ _- 
i 

"Modern day superheterodyne 
radio receivers, as well as all trans- 
mitters, could not function if it were not for vacuum tube oscil- lators. An oscillator does not receive a radio signal, but rather 
converts DC power into R.F. power. Keep this in mind as you study this lesson. 

"A knowledge of regeneration isa.lso important to all Radio and 
Television technicians, and since it is associated with the study 
of an oscillator, I am going to tell you about both of these inter- 
esting phenomena in this lesson." 

1. TYPES OF VACUUM TUBE CIRCUITS. l'receding lessons have dis- 
cussed the operation of vacuum tubes aSamplifiers and as detectors. 
In a distortionless amplifier circuit the output voltage is an exact 
reproduction of the input voltage and the output is controlled at all times by the input voltage. When a vacuum tube is used in a detector circuit, its function is to rectify and amplify the input 
voltage. Also, in a detector circuit, the output voltage is contin- 
uously controlled by the input signal. 

As well as working efficiently as an amplifier or as a detec- tor, a vacuum tube may also he used for other purposes. Of the nu- 
merous additional applications, we are interested at the present in 
the function of a triode vacuum tube as a regenerative amplifier 
and as an oscillator. By mere inspection, it is sometimes diffi- cult to ascertain the exact performance of a vacuum tube circuit. 
For example, the circuit shown in Fig. 1 may he an amplifier, a re- generative amplifier, or an oscillator. To make a definite decision 
as to the tube's class of operation, it is necessary to become fa- miliar with additional facts concerning the characteristics of the circuit. 

If the circuit in Fig. 1 were a true amplifier, the voltage 
appearing across the secondary of the output transformer would be 
an exact reproduction of the waveform of the input voltage applied 
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to the primary of the input transformer. Also, the amplitude, wave- 

form and frequency of the output voltage would be coftrolled entire- 

ly by the input voltage.: The input voltage is the one and only' 

source of grid excitation in a true. amplifier circuit. 

input `/ a0utput 

e+ 

In the discussion of "feedback" in Lesson 19 on audio -frequen- 

cy amplifiers, it was found that a portion of the output voltage 

could pass through circuit components back into the grid circuit of 
the.tube.. Should this occur in sufficient magnitude, it causes a 

general instability of the amplifier circuit and extensive filter- 

ing iú both grid and plate circuits is'necessary in order to pre- 

vent the feedback from interfering with its normal operation. When 

a'portion of the output'enerEy supplies energy which is in phase 

with the original stEnaltothe input of the same tube or amplifier, 

it is said that the process of "regeneration" is taking place. For 
regeneratión to occur, it is essential that the output energy be re- 

turned to the input in the proper phase relationship. The energy 

from tire' output must appear at the input só as to be directly in 

phase with the input voltage, thus adding to the input voltage and 

causing -increased grid excitation. This, of course; results in a 

greater voltage output. If the output energy were fed back'to the 
input -.in such a manner as to be directly out of phase with the in- 

put voltage, a partial or complete cancellation would occur, result- 

ingin decreased grid excitation and decreased voltage output. This 

is known 'as "degeneration". In Lesson 20, it was found that degen- 

eration of the input signal occurs when the parallel by-pass conden- 
ser is removed from the biasing resistance. 

If regeneration occurs within an amplifier circuit, it is called 
a "regenerative amplifier". Such an amplifier possesses- several 

characteristics which prevent it from being classified as comparable 
with a true amplifier. Outstanding among these characteristics is 

the fact that a much greater voltage gain is secured through a giv- 
en tube when operated under regenerative conditions. Thisis a de- 
cided advantage and upon first thought might seem. to be sufficient 
to warrant its popular use. There are disadvantages, however to 

this method of amplifier operation which tend to limit its popular- 
ity. A regenerative R.F. amplifier, for example, is very selective 
and may cause the sidebands of the R.F. signal to become attenuated, 
thus impairing the audio quality. Then, too, a regenerative R.F. 

_amplifier is difficult to maintain under perfect control; that is, 
the entire amplifier is apt to begin oscillating with the least 
surge ór interruption; When excessive regeneration occurs in an 

'A.F. amplifier, the output generally suffers severe harmonic and' 
frequency distortion, both of which are undesirable, 

Mention has been made of the fact that a regenerative amplifier 
is -difficult to maintain under control. This statement means that 

Fig.i Single-stage va- 
cuum tube circuit which 
may be an amplifier, a 
regenerative amplifier or 
an oscillator. depending 
upon circuit conditions. 
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there. are complications associated with the freedomsof perfect con- 
trol over the amount of regeneration which takes place from the 
output to the input circuit. Slight regeneration of the signal 
will cause áo appreciable instability;. however, when it becomes 
excessive, the normal operation of the entire amplifier is destroyed. 
When in this condition, the output voltage from the amplifier is no 
longer governed by the input' signal voltage, but rather is determined 
by the regenerative energy. Such a circuit is generally known as 
an "oscillator". An oscillator circuit is 'a vacuum tube with its 
associated apparatus arranged so as to permit excessive regenera- 
tion to occur, thereby making it'possible for the amplified energy 
.in the plate circuit to supply the input or frtd exciting voltage. 

Input 

(A) 

REGENERATIVE 

(B) 

7 
Out 

Output 

Input 
Input supplied 

Output 

,entirely by output 

yy 

(C) 

voltage gain Blocs kudiagram.ora 
true amplifier circuit 'in which the 

(e) Block diagram of regenerative amplifier circuit in 
which one-eighth 'of the output energy is returned to the 'input. 
The voltage amplification Fn this circuit is seven times. 

(C) Block diagram of an oscillator. Sufficient energy 
from the output is returned to the input so as to mai,.ntad.n the cor- 
rect grid exciting voltage without_ the application of external,en - 
ergy. - ' 

The `block diagrams shown in Fig. 2 illustrate the esseátial 
difference between an amplifier, a regenerative amplifier and an. 
oscillator. At A, the output is four times greater than'the input,' 
indicating that the amplifier has increased the original signal four 
times. Notice that none of the output signal voltage' ís returned 
to the grid circuit in a true amplifier. The regenerative ampli- 
fier is shown at B. One -eighth of the output voltage is being fed 
back to the input circuit. 'When this amount of the signal is re- 
turned, the same total output can be maintained from the regenera- 
tive amplifier with only one-half the ortfinal input. The output 
is now seven times as great as the input, so the over-all amplifica- 
tion has been increased from 4 to 7 times, due to the regenerative 
action. C' in Fig. 2 illustrates the conditions existing when one- 
fourth of the output is fed back to the input of the vacuum tube . 

circuit. With more regeneration, it is possible for the output 
energy to supply all of the input energy; hence, the original sig- 
nal is no longer needed and even though 'it may be present, it is 
not responsible for any.of the output.voltage.- The circuit is now 
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acting as an oscillator.- - - 

From this discussion, it is apparent that's simple vacuum tube 
circuit such as shown in Fig. 1 may operate as an amplifier, a re- 
generative amplifier, or an oscillator, depending on the degree of 
regeneration. If no regeneration exists, it is a "true amplifier" 
circuit; a slight amount of regeneration causes it to perform as a 
"regenerative amplifier"; with eücessive regeneration,- it becomes 
an "oscillator". 

2. - REGEIBRATION. Whereas the principle of regeneration is 
1}o longer incorporated in modern ,broadcast -receivers, it still 
maintains prominence in short -wave -receivers and in commercial re- 
ceivers designed for weak -signal reception. Prior to about 1927, 
all radio receivers used regenerative circuits for the purpose. of 
increasing the receiver's sensitivity. The low -mu tubes available 
at that time necessitated the use of such circuits to assure con- 
sistent .reception of weak radio signals. 

The possible methods for securing regeneration can be divided 
into three general classifications: 

1. Feedback of the R.F. energy through the plate to grid ca- 
pacity of the tube. 

2. Inductive coupling between the output and input circuits. 
1. Coupling through a common impedance, such as the plate 

power supply. 

The latter method of obtaining regeneration'is unsatisfactory for 
circuit application because of the difficulty in securing a control 
of its magnitude. Should the R.F. energy find a path of low oppo- 
sition from the plate circuit to the grid circuit through an imped- 
ance (coil, resistor, condenser, power supply, etc.) coon to both, 
it is virtually impossible to employ a means of 'accurately govern- 
ing its strength. Uncontrollable regeneration is unsuitable. for 
any application, so the design of the circuit should be such that 
regeneration does not ogcurthrough this source. "Common impedance" 
coupling is generally a result of inadequate circuit filtering. ,The 
remedy obviously consists of inserting efficient filters in, each 
grid and plate circuit so as to confine the input and output sig- 
nals to their respective circuits. Such "decoupling"or "by --pass" 
filters are constructed with a. series coil or resistor and a shunt 
condenser to the cathode. 

All regenerative circuits in radio receivers employ:the prin- 
ciple of inductive feedback or capacitive feedback. By either of 
these methods, regeneration 'maybe secured in a radio -frequency amp- 
lifier or in .a detector' stage. .In earlier radio receiver design, 
several manufacturers used regeneration in the R.F. amplifier of 
the receiver. These regenerative circuits did increase the voltage 
gain through the R.F.amptifier to a great extent; however, they 
were difficult to control. Skill and patience were required in or- 

Regeñération cannot be applied to a diode detector circuit becausea diode does - 

not produce an ",plifled output voltage. _ 
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der to properly adjust the regeneration control until maximum volt- 
age amplification was secured without the entire amplifier breaking 
into "oscillations". Such a sensitive control could not easily be 
adjusted by the average layman and the benefits which should have 
been derived were generally lost. The annoying howls and squeals 
which resulted from improper adjustment aroused a general dissatis- 
faction which was quickly responsible for its obsolescence. 

When regeneration is applied to a detector stage, it is possi- 
ble to obtain amore smooth and even control of the feedback energy. 
A regenerative detector is also capable of supplying tremendous amp- 
lification to a weak input signal voltage, thus making it possible 
to operate headphones in the plate circuit or to supply appreciable 
voltage excitation to an audio -frequency amplifier. The over-all 
selectivity also increases when regeneration is employed in the de- 
tector stage. These facts are largely responsible for the extended 
application of regeneration to this portion of a radio receiver. 

1. REGENERATIVE DETECTOR CIRCUITS. By investigating the oper- 
ation of a grid or plate detector, it will be found that R.F. cur- 
rents are present in the plate circuit in addition to the low -fre- 
quency audio currents. The purpose of the plate circuit filter is 
to by-pass these R.F. variations and prevent them from passing through 
the headphones or other plate load impedance. If, however, a por- 
tion of this energy is returned to the grid circuit, regeneration 
of the input R.F. signal is obtained. 

There are a number of possible ways to secure regeneration in 
a vacuun tube detector; one of the most common is shown in Fig. 3. 

This typical regenerative circuit employs the grid -leak, condenser 
method of detection and the inductive or "tickler" coil (L3) is 
used to feedback the R.F. variations from the plate circuit to the 
grid circuit, thus producing a greater grid signal variation and 
consequently louder volume in the headphones. Batteries are being 
used to supply the plate voltage. This is advisable if best re- 
sults are expected from the circuit, because the sensitivity is so 
extremely high that the slightest hum or noise produced by a vacuum 
tube rectifier circuit would create intolerable interference with 
the received signal. 

Inductive Tickler 
Feedback Coil 

Fig.3 Circuit diagram 
of a regenerative grid- 
leak detector circuit us- 
ing a tickler coil for 
regeneration. 

The operation of the circuit in Fig. 1 may be explained as 
follows: Radiated energy from a broadcast station causes an R.F. 
voltage to be induced in the antenna and an R.F. current flows through 
the primary coil Lt to ground. As the R.F. current passes through 
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L1, by electromagnetic induction a corresponding voltage is produced 
in the secondary L2. The inductive reactance of L2 is balanced by 
the capacitive reactance of C2 by tuning the variable condenser, 
then an oscillating current is established in the resonant circuit 
L2C2. This oscillating current varies in amplitude in accordance 
with the modulated incoming signal. The oscillating circuit L2C2 
contains some resistance in the coil, the wiring and the condenser 
plates which tends to dampen the strength of the oscillating cur- 
rent and prevent it from rising to an abnormally high value. A 

high oscillating current causes large R.F. voltage variations to 

appear across the tuned circuit. The resistance in the resonant 
circuit L2C2 also assists to prevent the oscillating current from 
"breaking over" into the undamped or continuous state of oscilla- 
tions. It should be remembered that the amplitude of the R.F. os- 
cillating current in L2C2 must increase and decrease in accordance 
with the modulation impressed on the incoming signal. Should the 
oscillating current be prevented from varying in conformity with 
the modulation, severe amplitude distortion of the andio signal will 
result. It is possible, however, to decrease the resistance of the 
tuned circuit L2C2 to a rather low value without causing amplitude 
distortion of the impressed modulation, in which case the higher 
oscillating current produces larger voltage variations 'across L2C2 
and more grid excitation. 

When the original R.F. signal voltage variations are applied 
to the grid of the regenerative detector, the high -frequency com- 
ponent of the plate current will flow through the tickler coil L3 
then back to the cathode through the by-pass condenser C3. If the 
coil L3 is in:proper inductive relationship with L2, the high -fre- 
quency current passing through it will cause avoltage to be induced 
in L2 which is in phase with the voltage induced in L2 from the 
original signal current through L1. Thus, the energy fed into L2 
from L3 increases the amplitude of the oscillating current in L2C2. 

Increased grid excitation results from the higher oscillating 
current, thus causing a greater amplitude of plate current changes, 
a greater average plate current change .and louder volume from the 
headphones. 

The R.F. energy fed from L3 into L2 increases as the distance 
between L3 and L2 is decreased. Likewise, the feedback into the 
grid circuit is decreased as L3 is moved farther from L2. There- 
fore, it is possible to vary the amount of energy returned from 
plate circuit to grid circuit by varying the distance between the 
tickler coil L3 and the grid coil 1,2. The arrow drawn through L2 
and L3 in Fig. 1 indicates that the distance (inductive relation- 
ship) between the two coils is variable. The dot on the bottom of 
coil L3 indicates that L3 is the coil which can be moved to vary 
this inductive relationship. In actual construction, the coil L3 
is connected by a shaft to a knob on the front of the receiver. 
This provides a means of varying the feedback energy, thereby con- 
trolling the amplification and selectivity of the circuit. 

The "feedback" voltage from L3 into L2 must be in such a di- 
rection as to add to the voltage already existing in L2 in order 
to secure regeneration. Should the relationship between these two 
coils be such that the voltage induced in L2 from L3 bucks against 
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the.existing voltage in La, then degeneration occurs and the signal 
as heard in the headphones is quickly extinguished. .At A in Fig. 4 
the magnetic field around L8 -is shown -linking through the turns of 
Ls.. Let us assume that when the coils are related in this manner, 
the induced potential in La is adding to the existing voltages across 
L,;thus the signal -is being',regenerated and the amplification and 
selectivity are increased. Now, at B in Fig. 4, the coil Ls is 
wound in the opposite direction and it is shown thatthe magnetic 
flux through L: is also opposite to the. condition at A. Therefore, 
the voltages induced in L: -from Ls are now in such a direction'that 
they buck against the initial voltages across the oscillating cir- 
cuit and a partial or complete cancellation occurs. tinder this 
'condition, the oscillating current is .quickly extinguished, the 
grid excitation decreases and the detected audio signal in- the 
headphones fades out. "Degeneration" of this nature is undesirable; 
therefore, it is quite important for the feedback or tickler coil 
to bear the proper relationship to the grid coil, if regeneration 
is to be secured. 

B) 

figs (A) Current through tickler coil produces a magnetic field 
in such a direction to cause REGENERATION. 

(B) Current through tickler coil sets up a magnetic, field 
In the opposite direction. so DEGENERATION is produced. 

( 

Reversing the connections to the feedback coil has the same 
effect askrinding it in the opposite direction. If upon construct 
big or operating a regenerative detector circuit of this kind, 
is found that degeneration occurs as the coupling between the tick-. 
ler end grid coils is increased, it is only necessary to reverse 
the two connections to the tickler coil to remedy the trouble and 
secure satisfactory operation. This is true not only when the tick- 
ler coil is variable as in.Fig. 3, but also when a fixed tickler, is 
used, such as will be discussed on succeeding pages. 

Increasing the feedback into the grid circuit gives greater 
'amplification;' however, there is a limit to this desirable opera- 
tion. Beyond a certain point, regeneration causes the detector cir- 
cuit to function as an -oscillator; it will then be capable of sup- 
plying its own input voltage and the original modulated signal de- 
livered to, the grid circuit from the antenna will tot appear in 
the output. The point of maximum amplification and selectivity in 
a regenerative circuit is attained just below the point of oscilla- 
tion. For this reason, all regenerative detector circuits must. be 
equipped with a control that is smooth, even, and effective. The 
"tickler coil" regeneration control in Fig.'s is satisfactory in 
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all three -respects. 
- Other methods of satisfactorily securing end controlling re-. 
generation are shown in Figs. 5, 6, and 7. In Fig. 5, the plate 
circuit -inductance Ls is made variable' and acts as a regeneration 
control. The feedback from the plate circuit to the grid circuit 
occurs through the interelectrode capacity of the tube from plate 
to grid. .The R.F.' energy fed through the tubes interelectrode 
capacity passes through the grid condenser Cs into the tuned grid 

Fig.5 Regenerative grid- 
leak detector circuit in 
which the feedback energy 
.occurs through the plate- 
to-grid interelectrode ca- 
pacity of the tube. 

-I 

circuit L:Ci. It will arrive in the proper phase relationship with 
regard to the original oscillating current in MI/ so. as to increase 
its amplitude the same as was true with "tickler coil feedback". 
In three -element tubes, the plate to grid interelectrode capacity 
is high enough to _allow sufficient R.F.. energy to be transferred to 

' the grid circuit and cause the detector to supply its own input 
voltage. By varying the inductance of the plate coil Le, it is pos- 
sible to control the feedback energy into the gFid circuit, thereby 
controlling the amount of regeneration. This may be done by in- 
creasing La from a low value, or_by initially setting La at its 
maximum value, then reducing it. -The audio signal in the headphones 

. greatly increases as the circuit approaches the point of oscilla- 
tion. 

Fig.6 Circuit diagram 
of regenerative grid-leak 
detector in which the 
tickler coil is fixed 
and the regeneration con- 
trol consists of vari- 
able condenser Cs. 

The circuit shovel in,:Figt! 6 employs a fixed tickler (feedback) 
coil with a variable condenser Ca connected in series.' The R.F. 
energy fro' the plate of the -tube is prevented from passing through 
the headphones by the high inductive reactance of the R.F. choke 
ano is compelled to. take the path through Ls and Ca in order to 
return to the cathode. As the R.F. energy passes through Ls, by 
mutual induction a feedback voltage of the proper phase relation 
is produced -in Le. Varying the-capacityof the condenser Ca varies 

A Variable inductance of this type is known as a variometer. 
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the impedance of this path to the passage of the R.F. energy; there- 
by controlling the amplitude of the R.F. current through Ls and the 
regeneration. Increasing the capacity of Cs increases the feedback 
and decreasing its capacity reduces the feedback. The fixed tickler 
coil Ls must be connected so as to provide regeneration and not de- 
generation. 

The circuit shown in Fig. 7 also employs a fixed tickler coil. 
To control the feedback, a .potentiometer R:, is connected across 
the tickler coil. When the movable ara of the potentiometer is at 
the bottom, the tickler is shorted out; hence, no R.F. energy passes 
through it and there will be no feedback into the grid circuit. 
Moving the ara of the potentiometer to the top increases the oppo- 
sition to the passage of the R.F. energy through RI.; therefore, it 
takes the easier path through the low inductive reactance of the 
tickler coil. Upon passing through Ls, bymutual induction, an ".in -- 
phase" feedback voltage is induced in the grid circuit. The fixed 
tickler coil Ls should have enough turns on it so that the circuit 
is forced into oscillations when the arm of the potentiometer is at 
the top. By moving the potentiometer ara down, the R.F. energy 
through Ls is decreased. The. regenerative circuit is properly ad- 

fig.7 Circuit diagram 
of a regenerative grid- 
leak detector in which 
the tickler coil is fixed 
and the feedback is con- 
trolled by the resistance 
R. 

i 

justed for maximum sensitivity and selectivity just below the point 
of oscillation. 

. Adjusting the regeneration control causes a slight change in 
1 resonance of the tuned grid circuit. For this reason, it is often 

found necessary to retune the condenser C, as the regeneration con- 
trol is varied. A greater amount of feedback energy is required 
for a given degree of regeneration at low radio frequencies than at 
high radio frequencies. Therefore, if a regenerative circuit is 
being designed for operation over a certain frequency band, the in- 
ductance and capacity values selected for the control should be 
such as to'perait a slight oscillation of the circuit at the lowest 
frequency to be received. When a regenerative receiver is tuned 
from a low frequency to a high frequency, it is necessary to reduce. 
the amount of feedback in order to prevent the circuit from oscil- 

y lating. 

I 
It can be shown, both experimentally and theoretically, that 

the amount of amplification obtainable from a regenerative detector. 
circuit is much greater fora weak radio -frequency input signal volt- 
age than for one, greater in strength. This means that the same 
adjustment of a regenerative detector circuit gives an enormous 

i .-'amplification to a weak signal, whereas, only a fraction of this 
t 

,t 
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amplification would be secured if the signal were much stronger. 
The following table illustrates how the -amplification due to re- 

' generation -in a detector circuit varies with the strength of the 
received signal voltage. The tuned grid circuit is assumed to have 
a voltage gain of 40. 

SIGNAL VOLTS 
INDUCED IN 

GRID CIRCUIT 

VOLTS ACROSS 
GRID WITH NO 
REGENERATION 

VOLTS ACROSS GRID. 
WITH CRITICAL 
REGENERATION 

VOLTAGE' AMPLIFI- 
CATION DUE TO 
REGENERATION 

.000001 .00004 .31 7700 

.00001 .0004 .66 1600 

.0001 .004 1.4 160 

.001 .04 3.1 77 

.01 .4 6.6 16 

Greater amplification is secured with weaker input, signal volt- 
ages because of the square law relationship between'the grid voltage 
and grid current on the lower end of the Eg-Iº curve. Stronger in- 
put signals drive the operation to the linear portion of this curve; 
hence,. the amplification obtained at the point of critical regener- 
ation (just below the oscillating point) is less. 

The regenerative detector circuits shown in Figs. 4, 5, 6 and 
7 all use the grid -leak condenser method of detection. This method is 
more satisfactory than grid -bias detection because of its higher 
sensitivity. Grid -bias detectors will operate in regenerative cir- 
cuits the same as grid -leak detectors, but grid -leak detectors are 
more common for the above reason. . 

Whereas. regeneration is an inexpensive method of securing an 
enormous amplification from a one -stage receiving circuit, it has 
several disadvantages. First, the increased selectivity, resulting 
from the decrease in effective resistance of the tuned grid circuit, 
tends to suppress the high A.F. sideband frequencies and thus impair 
the tone quality. Then, too, the adjustments required to give the 
greatest amplification depend on the frequency of the received sig- 
nal, making it necessary to readjust the regeneration controls each 
time a new signal is tuned in. A third disadvantage is the fact 
that the regeneration -adjustments are very critical and consider- 
able skill. is required to perform them correctly. When'the regen- 
eration is_increased to the point where the feedback is sufficient 
to supply the grid excitation, oscillations. will be established in 
the detector circuit. These oscillations will inevitably occur 
from time to time due to accidental improper adjustment and canse 
annoyance in'the fora of howls and squeals. 

When a regenerative detector circuit is oscillating, the os- 
cillations -will reach the antenna and the energy will be radiated. 
The receiver is really acting as á small transmitter and its radi- 
atión may have a range as great as 10 miles. This is apt to cause 
serious interference with 'other receiving, sets which might be tuned 
to approximately the same frequency. 

These disadvantages'of regeneration have'been responsible for 
its discontinued use in modern radio receivers. At the present, 
it is considered better practice to obtain the additional radio -fre- 
quency amplification with tuned radio -frequency amplifiers, rather 
thin by the use of a regenerative circuit. 
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The discussions just concluded on various types of regenerative 
detector circuits have borne out their operation, particularly with 
respect to the additional amplification and selectivity that is ob- 
tained. It is very important for the student to bear in mind that 
in all these circuits the process of detection is also taking place 
at the same time. The modulated R.F. signal voltage applied to the 
grid is demodulated (by rectifying and filtering) and the audio .fre- 
quency impressed on the incoming signal is heard from the headphones. 
Simultaneously with the detection of the incoming signal, additional 
selectivity and amplification are secured through the regeneration, 
as explained. With excessive regeneration, the operation of the 
tube as a detector is destroyed and no audio is heard from the head- 
phones, because the circuit and tube then act as an oscillator. 

4. VAC MBE OSCILLATORS. It has frequently been mentioned 
that excessive 'regeneration in a vacuum tube circuit causes it to 
break into a state of oscillation. This critical point beyond which it is impossible to increase regeneration and still maintain satis- 
factory signal reception occurs when the feedback from the plate 
circuit into the grid circuit becomes sufficient for the output en- 
ergy from the plate circuit to supply the grid exciting voltage. 
The vacuum tube and its associated circuit is then called a "self- 
excited oscillator". It is necessary to not only feed back a cer- 
tain amount of energy from the plate circuit to the grid circuit, 
but the condition of proper phase relation must also be satisfied. 
The plate circuit energy must be introduced into the grid circuit 
so as to reinforce the existing energy in the grid circuit rather 
than subtract from. it. This means that the plate circuit feedback 
must be in phase with the oscillating current in the grid circuit. 
Should the plate circuit energy be fed into the grid circuit out 
of phase with the oscillating current, a partial or complete can- 
cellation of the grid circuit energy will occur and the entire cir- 
cuit soon becomes inoperative. 

The use of a vacuum tube as an oscillator is of extreme impor- 
tance in both radio transmitter and radio receiver circuits. A va- 
cuum tube oscillator is the only method whereby a continuous ampli- 
tude of alternating voltage at high radio frequencies can be secured. 
Previous mention has been made of the fact that a high -frequency 
carrier wave is necessary in order to transmit a radio signal from 
a broadcasting antenna. During the broadcasting of speech and music, 
this high -frequency carrier wave has the audio -frequency intelligence 
impressed on it. The generation and amplification of the carrier 
wave is' fundamentally the purpose of a radio transmitter. In the 
most elementary stage of a radio transmitter, the oscillator circuit 
generates the carrier wave, then the vacuum tube circuits following 
the oscillator are adjusted so as to amplify this high -frequency 
voltage. Prior to the perfection of triode vacuum tubes, the car- 
rier wave was generated with electric sparks and arcs. The carrier 
wave as generated by these primitive methods was unsatisfactory for 
sound broadcasting due to the fact that the amplitude did not re- 
main constant even when no modulation was impressed on it. They 
were used mainly for the transmission of radiotelegraph or code 
signals. 
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Any vacuum tube that is capable of amplifying can act as al 
oscillator; -that is, a generator -of Rd. voltages. It is not pos- 
sible to generate extremely high -frequency voltages -with sechanioal 
generators,' so the operation of a vacuum tube in this capacity is 
of extreme importance. If the vacuum tube were not capable of per- 
forming this all-important job, modern Radio and Television as we 
know it today would not exist. All .superheterodyne receivers con- 
tain at least one oscillator circuit, some possessing two. The use 
of these oscillator circuits in modern radio receivers is largely 
responsible.for their excellent performance. 

There :are hundreds of -'rays to connect .a vacuum tube and its 
associated circuit so esto satisfy the conditiops necessary to es- 
tablish,oseillations. Some types of.oscillator circuits are appli- 
cable only to radio transmitters and others are primarily for re- 
ceiver applications. Then, too,. there are other oscillator circuits 
used in the design of testing equipment, such as audio -frequency os- 
cillators, test oscillators for circuit alignment, etc. A complete 
description of all these various types óf oscillator circuits can- 
not be included in thislesson. 

We shall use a circuit whose operation is typicalof most os- 
cillators; -then in lessons to follow, the other circuits will' be 
discussed. For the purpose, the Hartley oscillator circuit has been 
selected. It is well known' for its versatile applications. 

5. TSB,HARTLBY OSCILLATOR. This oscillator is oonstrnoted as 
shown in Fig. 8. Before explaining its operation, we shall point 
out certain facts pertaining to the circuit in general. Batteries 

C* 

Fig.* Diagram -of Hartley oscillator circuit. 

are being used for filament and plate supply; -however, they could 
just as well be replaced by a transformer "secondary winding to sup- 
ply the filament voltage anda vacuum tube rectifier circuit to sap- 
ply the plate voltage. No grid -biasing battery is shown in the cir- 
cuit because the bias on a self-excited oscillator is best secured 
with a grid -leak resistor. 'The grid -leak resistance in the Hartley 
circuit is R1.- The osóillating circuit in Fig. 8 consists of the 
inductance L1 and the capacity C,. When inductance and capacity 
are associated in.this manner, an oscillating current will be es- 
tablished between them at the resonant frequency of the combination' 
The frequency of the oscillating current (resonant frequency) may 
.be changed by altering either the inductance of the coil or the ca- 
pacity of the cóndenser. 

' The highest frequency ever generated by a mechanical generator was 200 kc., us-' 
ing-the Alexanderson machine. 
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 At resonance, the inductive reactance and capacitive reactance 
are equal and the oscillating current is opposed only by the resis- 
tance contained in the oscillating circuit. The effect of this re- 
sistance is to produce a continual damping force against the oscil- 
lating current; hence, if the succeeding current cycles are to be 
constant in ammplitude, it is necessary to reinforce them with ener- 
gy fed from an external source. In all vacuum tube oscillators, the 
necessary reinforcement is acquired from the energy contained in the 
plate circuit. Referring to Fig. 8, this energy will be delivered 
into the oscillating circuit through condenser Cs. Since the tube 
is capable of amplifying an applied grid voltage, the plate circuit 
contains more energy than the grid circuit, thereby making this 
feedback possible. 

It must be kept in mind that an oscillator circuit is for the 
purpose of tenerattnf a high -frequency voltage, not for amplifyinf 
an externally applied signal. An oscillator, when functioning prop- 
erly, will deliver a high -frequency voltage from its output, which 
in turn can be fed into the amplifiers or may be delivered directly 
to an antenna and radiated. Oscillators should not be confused with 
the detector circuits previously discussed. All detector circuits 
are for the purpose of receiving and reproducing a signal which has 
been radiated from a transmitter whereas, an oscillator is not sup- 
plied with a radio -frequency signal, but actually generates one it- 
self. 

As in all vacuum tube operation, it is necessary to supply DC 
power to the plate circuit of an oscillator. The amount of DC power 
suppitpd to the plate circuit is equal to the plate voltage times 
the average plate current. The oscillator converts this DC plate 
circuit power into R.F. power in the tuned circuit LIC1. Because 
of its ability to convert DC power into high -frequency AC power, it 
is often called a "converter" instead of an oscillator. The high - 
frequency AC power produced in the oscillating circuit L1G1 may be 
transferred by mutual induction into an output coil Ls. The R.F. 
voltage developed across this coil may be used for any purpose de- 
sired, such as to supply grid excitation to an amplifier tube or sup- 
plying R.F. power directly into an antenna from which it is radiated. 

With the results expected from the oscillator circuit in mind, 
let us proceed to discuss its theoretical operation. First, assum- 
ing that the filament of the tube is heated and emitting electrons, 
the switch S in the plate circuit is closed. A current then flows 
from the B battery. A part of this current passes to the filament, 
from the filament to the plate inside the tube, through the R.F.. 
choke, then back to the positive terminal of the B battery. The 
other portionof the total current from the B battery takes a path 
which may be considered in parallel with the current which passes 
throng> the tube. Both paths are shown by the dark lines in Fig. 
9. The second current leaves the negative terminal of the B bat- 
tery, passes to point B on the inductance L1, up through the induc- 
tance to A, through the capacity Cr, then joins the current which 
has passed through the tube and together they return to B plus 
through the R.F. choke. The current through this parallel path 
flows for only a short length of time; that is, the time required 
for condenser C, to become charged. As soon as the voltage across 
the condenser plates is equal to the voltage of the plate supply 
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Magnetic 
Field 

LL 
Fiq.9 Diagram of Hartley 

oscillator with the path of 
the initial plate current 
drawn in heavy lines. 

battery, the current through this circuit stops. To make certain 
that the path taken by this initial charging current is seen clearly, 
Fig. 10 has been drawn for illustration. From this figure, it is 
evident that the initial charging current passes through the induc- 
tance B -A, the capacity C2 and the R.F. choke, then returns to the 
positive terminal of the battery. It is also apparent that the con- 
denser C2 will be charged to the full value of the plate supply 
voltage. The coil B -A and the R.F. choke both have low DC resis- 
tance, so if it were not for the presence of C2 in the circuit, 
the B supply voltage would be shorted. 

C2 

Magneti, 
Field 

Fig.10 Portion of Hartley os- 
cillator circuit through which 
initial surge of charging cur- 
rent flows. 

The initial charging current passing through B-Aand C2 builds 
up an instantaneous magnetic field around the coil B -A. The es- 
tablishment ofthis magnetic field is of extreme importance, because 
it supplies the initial impulse of energy which starts the oscil- 
lating current in the tuned circuit L1C1. As the current which 
charges C2 passes through the coil B -A, lines of force rise out 
from the turns on B -A and in so doing, generate a counter voltage 
in the coil. Then, when the condenser C2 becomes fully charged, 
this current will cease, causing the expanded field around B -A to 
collapse, thus generating another voltage within the coil winding. 
The initial voltage induced in B -A, as the field is rising, causes 
a voltage to be applied directly across the variable condenser Ci; 
hence, C1 becomes charged. Then, as C1 begins to discharge, the 
second voltage induced in B -A (as the field collapses) occurs at 
the proper time to reinforce the discharging current from Cl, thus 
causing a weak oscillating current to be set up in the resonant 
circuit L1C1. 
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Fig. 11 shows s diegrar of the Bartley oscillator. circuit with 
the path of the oscillating current in dark lines.,' This weak os- 
cillating current flows first in one direction, then in the oppo- 
site direction through the inductance L1,, thus causing the conden- 
ser Cs to be alternately charged and discharged. Due to the pres- 
ence of resistance in this oscillating circuit (the resistance of 

latogrwithHtheloscillat- 
ing circuit drawn In heavy 
lines. . 

:1. . 

the'coil windings), these weak oscillations would soon die out if 
no reinforcemedt of energy were supplied. Additional energy, how- 
ever, is supplied to the oscillating circuit almost' instantaneous- 
ly, because just as soon as a changing current is established through 
L1, the grid of the vacuum tube receives an exciting voltage at the 
acre frequency. 

To clearly illustrate the manner in whichthis grid exciting 
voltage is applied;. let its refer to -Fig. 12. At first glance, it 
may appear that Pig. 1Lis an entirely different circuit than Figs. 
9 and 10;however, close, inspection will reveal'that they are ex- 
actly the same, except that the oscillating circuit has been turned 
upside down. The object for drawing -the circuit in.this_manner is 

R1 

Fig.12 Hartley,oscil-` . 

lator with the grid cir- 
cuit drawn In dark lines . 

to illustrate how the 
grid exciting voltage is 
secured. 

1' 

f' 

to make possible a clear conception of how the, grid exciting volt- 
age is Supplied. When the oscillating current is passing ap through 
the inductance L1 in the direction,of arrow X, a voltage drop will 
be created (I x XL) across B -C; then when the .oscillating current 
is oozing down through the inductance L1 in- .the direction of the 
arrow Y, another voltage, drop is developed across B -C; however, it 
is,opposite in direction. -Of course, at the same time these volt- - 
age drops are oocurring across B -C, there will also be voltages 
developed across A -B; however, these will be disregarded for the 
present, because we are primarily interested in the grid exciting 
-.voltage. Alternating voltages created., across the coil B -C are 



applied directly between the grid and the negative side of the 
filament through the resistance R1 and condenser C3. R1 gener- 
ally has a value of from 10,000 to 50,000 ohms and C3 is about 
.00025 mfd. The alternating voltage developed between grid and 
negative filament will be the same in frequency as the voltages 
across B -C, which, in turn, are the same as the oscillating current. 

Previous lesson material has definitely ccnfirmed the fact 
that when an alternating voltage is applied between grid and nega- 
tive filament, corresponding changes in plate current will occur. 
Hence, the R.F. grid voltage excitation produces R.F. plate current 
changes. Due to the amplifying ability of the three -element tube, 
the R.F. energy produced in the plate circuit is greater than that 
supplied to the grid circuit. The R.F. plate current changes leav- 
ing the plate of the tube must return to the negative side of the 
filament to complete their circuit. Fig. 13 shows the path that 
these R.F. plate current changes follow. They are prevented from 
returning to the negative side of the filament through the B bat- 
tery by the presence of the R.F. choke. They pass with relative 
ease through the condenser C2 and the portion cf the oscillating 
circuit from A to B since this path offers very little opposition. 

R1 

Fig.13 Hartley oscil- 
lator with the feedback 
path from the plate to 
the oscillating Circuit 
drawn in dark lines. 

A brief review of the transpired operation reveals that we 
have now secured the initial requirement necessary for maintaining 
an oscillating current in the circuit L1C1. It was stated that the 
oscillating current set up by the initial charging of condenser C2 
would have quickly died out, due to resistance, unless a reinforce- 
ment of energy was secured. However, the initial oscillating cur- 
rent supplied grid excitation, which in turn caused R.F. energy to 
be established in the plate circuit of the oscillator tube. This 
R.F. energy, in seeking a return path, passed through the oscillat- 
ing circuit L1C1. Therefore, the return of energy from the plate 
circuit to the oscillating circuit supplies the necessary reinforce- 
ment to the initial oscillating current, thus preventing its ampli- 
tude from being decreased by resistance. 

The R.F. energy fed back from the plate circuit into the os- 
cillating circuit arrives at exactly the proper time so as to be 
in phase with the initial oscillating current; hence, the ampli- 
tude of the oscillating current is increased. As the oscillating 
current increases in amplitude, the voltage drops produced across 
1,1 from B to C also increase, thereby supplying greater R.F. excit- 
ing voltage to the grid of the tube. The increased R.F. grid ex- 
citation results in a higher amplitude of k. F. plate current changes, 
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which in turn causes more energy to be fed back throagh the conden- 
ser C, into the oscillating circuit. 

The R.F. energy supplied from the plate circuit will continue 
to reinforce the amplitude of the oscillating current in L1C1 and 
the increased oscillating current will continue to supply additional 
grid excitation until some limit is reached. The amplitude "build- 
ing -up" of the oscillating current occurs somewhat as illustrated 
in Fig. 14. The initial oscillating current is very low in ampli- 
tude and each succeeding cycle is increased until the maximum os - 

4 
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Fig.14 Diagram to illustrate 
how the oscillating current in 
the tuned tank circuit builds 
up in amplitude until the sat- 
uration point is reached. 

cillating current is established in the resonant circuit. The limit 
to this building -up process occurs when the -tube becomes "saturated". 
Saturation occurs when an increased grid exciting voltage will no 
longer produce an increased amplitude of plate current changes. It 
is evident that this point of saturation is determined primarily 
by the characteristic curve of the tube, which in turn depends upon 
the plate, grid and filament voltages. Altering any one of these 
three voltages will change the characteristic curve of the tube and 
result in a different amplitude of oscillating current in L1C1. 

So long as all applied voltages remain constant and the emis- 
sion from the filament is normal, the amplitude of the oscillating 
current in the resonant circuit will remain absolutely constant. 
The frequency of this oscillating current depends upon the resonant 
frequency of L1 and Cl. Changing the capacitance of C1 or the in- 
ductance of L1 will change the output frequency. By proper circuit 
design, it is possible to securean alternating voltage output from 
a Hartley oscillator circuit at any frequency throughout the audible 
and radio -frequency spectrum. The Hartley oscillator is not gener- 
ally used for the production of audio frequencies; howeverby prop- 
er selection of LiC1, it may be made to do so. This circuit is em- 
ployed primarily for generating R.F. signals, which, after being 
amplified, serve to act as a carrier wave for audio frequencies. 
When the transmission of code is desired instead of speech and mu- 
sic, the carrier wave is not modulated, but rather is interrupted 
by a telegraph key. When a "dot is to be transmitted, the carrier 
wave is radiated for a short period of time and when it is desired 
to transmit a "dash", the carrier wave is radiated approximately 1 
times as long. A rapid and successive interruption of the carrier 
wave in this manner comprises the transmission of code signals. 
Such transmission is generally known as"Ck radiation". The letters 

Dash Dot 

IDIIIIIIIIIIOM III IIIIIIIIIIIIIII III IIIIIIIIIIIIII IIIIDIIIIIIl011 III IIIIIIIDIIIIIII 

IIIIIIIIIIIIIII III IIIIIIIIIIIIIII II' 1111111IIIIIl IIIIIIIIIIIIIII III IIIIII0111I!h! 

Fig.1S Code signals as radiated from a CW transmitter. 
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"CW" are used to mean."continuous waves"; that is, the emplitudeuf 
the carrier.is not varied. 

Several dots and dashes as transmitted from a CW station are 
shown in, Fig. 15. Regardless of 'whether it is desired to trene it 
CW or telephone signals, a high -frequency carrier wave is always 
,essential for radiation from an antenna. Carrier waves are gener- 
ated by a satisfactory'oscilletor circuit, such as the Hartley cir- 
cuit just described. 

6. GRID'BIAS IN THE HARTLEY OSCILLATOR. The method of secur- 
ing.grid bias in an oscillator circuit of any type is essentially 
different from the manner'in which it' is obtained in an amplifier 
circuit. All efficient self-excited oscillators secure grid bias 
by use of a grid -leak resistor. All oscillators will draw grid cur- 
rent when functioning properly and, as this grid current passes 
through the grid -leak resistance, the necessary bias voltage will 
be developed. Previous discussion of -amplifier circuits has em- 
phasized the fact that -grid current should not flow in a properly 
adjusted amplifier. The operation of a vacuum tube as an oscillator 
is.entirely different in this respect, because.thegrid should go 
positive at certain intervals in all types of oscillator circuits' 
in order to secure the'most satisfactory operation. 

Fig .16 Grid circuit of Hartley 
oscillator to illustrate the path 
of the grid current. 

Fig. 16 shows the 'portion of the Hartley oscillator circuit 
necessary to explain how the grid bias voltage is developed by the 
flow of grid current. Comparison of,Fig. 16 to Fig. 12 shows the 
portion. of the oscillator circuit which has been redrawn for this 
explanation.' When the oscillating current in the tuned circuit L1C1 
passes through the inductance in such adirection as to make'C pos- 
itive and B negative (positive alternation), the grid of the tube 
will be made positive' with respect to negative filament. The posi- 
tive grid then attracts electrons from the space'charge and grid 
current flows in -the direction of the arrows on 'Fig. 16. , 

The path 
of this current is through the grid -leak resistance Rs, through the 
inductance L1 from C to B, then returns to the 'negative side of the 
filament to complete its circuit. For.fiormal operation, the size 
of Ri is generally from 10,000 to 50,000 ohms. Avoltage drop equal 
to I x R will be developed across R1 .as the grid current passes 
through'this resistance. The direction of the voltage is shown in 
Fig. 16. The.milliammeter connected in series' with R1 measures the 
amount of grid current. 

The negative alternation of the oscillating current develops 
a voltage across the grid coil B -C in such a direction as to make 
the negative side óf the filament positive'with respect to the grid. 
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No grid current will flow during this alternation. Since grid cur- 
rent flows only during one alternation of the oscillating current, 
it is evident that only pulses of current will be flowing through 
the grid circuit. These pulses are of short duration since they 
flow only during the time that the grid is positive with respect 
to the negative side of the'filanent. 

.A pulsating direct current has been previously shown to con- 
sist of a DC and an AC component. A low-pass filter is capable 
of separating a pulsating DC current into its two components. A 
filter of this type is effectively contained. in the grid circuit, 
consisting of the grid -leak resistance R1 in parallel with the grid 
condenser Cs. The reactance of Cs to the R.F. AC component of the 
grid current is relatively low, at least much less than'the resis- 
tance of the grid leak R1; hence, the ACcomponent of the grid cur- 
rent pulses will pass through the grid condenser, but the DC com- 
ponent is blocked from this path. Assuming Cs has no leakage, the 
opposition offered to the DC component is infinite; therefore, the 

DC must return to the negative side of the filament through the 
grid -leak resistance R1. The passage of the DC component of the 

grid current through R1 develops a steady DC voltage across it 

which serves as grid bias for the oscillator tube. The end of 
R1 that is made negative by the flow of grid current is toward the 
grid of the tube and the end of R1 that is made positive is toward 
the negative side of the filament. Hence, the voltage across R1 ap- 
plies a netatiue grid bias to the oscillator tube. 

The R.F. voltages developed across In will always be slightly 
greater in amplitude than the negative bias voltage across R1, thus 
assuring that the grid of the tube will be made slightly positive 
during each cycle of the oscillating current. The grid must go 
slightly positive so as to maintain the flow of grid current through 
R1 to develop the necessary negative grid bias. 

The action of the grid leak and condenser is practically the 
same in all other types of self-excited oscillator circuits. Cir- 
cuit diagrams and explanations of other oscillators are oontained ^ 

in future lessons. 

7. BLOCKING THE GRID CIRCUIT OF A HARTLEY OSCILLATOR. By in- 
creasing the size of the grid -leak resistance to an exceptionally 
high value, it is possible to "block" the grid of the oscillator 
tube at regular intervals. This has the effect of modulating the 
R.F. voltage output at a low -frequency rate. 

To maintain normal operation of a Hartley oscillator, the up- 
per limit for the size of the grid -leak resistance is approximately 

50,000 ohms. Increasing the grid leak to over 100,000 ohms will 
generally cause the blocking action to occur. The use of a high 

grid -leak resistance develops such a large grid bias when grid cur- 
rent passes through it that the amplitude of the plate current 
pulses are decreased until they are no longer capable of supplying 
the necessary feedback into the grid circuit to maintain oscillation. 

As a result, the oscillations in the tuned circuit L1C1 gradually 
die out and the entire oscillator circuit stops functioning. As 
the oscillating current dies out, the grid excitation is decreased 
to the point where the grid is no longer driven positive; hence, 
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the high negative grid bias previously developed returns to a less 
negative value. Before the grid bias reaches zero, the plate cur- 
rent has again started to flow through the plate circuit; as the 
plate current rises to its previous value, a pulse of energy is 
transferred through the blocking condenser C2, back into the os- 
cillating circuit which sets up a weak oscillating current. This 
oscillating current again supplies grid excitation and the oscilla- 
tor circuit builds up to normal operation again. As soon as suf- 
ficient grid current is flowing through the high grid -leak resis- 
tance, a high negative bias is again developed which causes the 
oscillator circuit to block the second time. This action contin- 
uously repeats at definite intervals (depending upon the size of 
the grid -leak resistance) so the operation of the oscillator cir- 
cuit blocks, builds up; blocks, builds up; etc. 

The amplitude of the oscillating current in the tuned circuit 
L1C1 follows the blocking and building up action of the circuit and, 
therefore, appears as shown in Fig. 17. The frequency of the R.F. 

Fig.17 appearance of 
the oscillating Current 
in a Hartley oscillator 
when being blocked with 
a high grid-leak resis- 
tance. 

oscillating current is still determined by the size of the induc- 
tance and capacity in the tuned circuit, but the current amplitudes 
are no longer constant; they rise and fall in accordance with the 
frequency of the blocking action. The effect is just the same as 
though the R.F. carrier wave were modulated with an audio frequency. 
The output of the oscillator, then, consists of the generated R.F. 
signal modulated at an A.F. rate. The frequency of modulation can 
be varied by changing the size of the grid -leak resistance. Increas- 
ing the size of the grid -leak resistance will cause the frequency 
of the blocking action to be decreased, thus producing an output 
carrier wave which is modulated at a lower A.F. rate. Decreasing 
the size of the grid -leak resistance will increase the frequency of 
the blocking action, which means that the output of the oscillator 
will be modulated with a higher A.F. note. 

When an oscillator is operating in a blocked condition, it is 
possible to tune a radio receiver to its frequency and hear the 
audio modulation. It will be found that the use of a high grid -leak 
resistance results in a steady low-pitched audio note from the loud- 
speaker and a fairly low grid -leak resistance will produce a high- 
pitched note. When the size of the grid -leak resistance is de- 
creased to about 50,000 ohms or below, the negative bias voltage 
developed is insufficient to cause the blocking action; hence the 
generated R.F. carrier wave remains constant in amplitude. When 
unmodulated, no sound will be heard from the loudspeaker when the 
radio set is tuned to the frequency of the oscillator. Should one 
of the R.F. amplifying stages in the radio set be regenerating 
slightly, it is likely that a whistle will be heard when the set 
is tuned close to the frequency of the oscillator, even though the 
oscillator is not modulated. 
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8. USE OF OSCILLATORS. The reason for studying the theoreti- 
cal operation of an oscillator circuit at this time is to enable the 
comprehensivestudy of superheterodyne receivers and the operation 
of test oscillators for radio circuit alignment. A separate tube 
or one section of a dual purpose tube is used in all superheterodyne 
receivers to generate a constant amplitude R.F. voltage. The -out- 
put of the oscillator in a superheterodyne is "mixed"'with the in- 
coming radio signal selected by the tuning circuits. The result of 
this "mixing" action (heterodyning) is the production of a new fre- 
quency equal to the difference between the frequency of the modu- 
lated radio signal and -the frequency of the oscillator. This new 
frequency is called the "beat" or "intermediate" frequency, and it 

. is modulated in exact accordance with the original A.F. modulation 

. impressed on the incoming signal. The modulated I.F. (intermediate 
frequency) is then amplified and fed to the "second detector" where 
the A.F. is removed from the I.F. signal. The superior performance 
of superheterodyne receivers in comparison with T.R.F. (tuned radio 
frequency) receivers is largely due to the production' of this beat 
or intermediate frequency. Nearly all receiver manufacturers have 
adopted the superheterodyne principle because of the treater sensi- 
tivity, selectivity, and fidelity which can be obtained from it with 
a minimum- of tubes, circuit design and expense. The underlying 
principles concerning the operation of these two methods of radio 
simal reception will. be explained' in Lessons 24 'and 27 of this 
unit. 

All radio service men find that the use of a "test oscillator" 
is very essential for the proper adjustment of a radio receiver cir- 
cuit. The test oscillator is really a miniature broadcasting sta- 
tion which -supplies an R.F. voltage modulated at an A.F. rate. By 
connecting a test Oscillator to the antenna and ground terminals of 
'a radio set, it is possible to adjust the tuning circuits in the 
receiver very accurately, thus assuring the best possible perform- 
ance of that receiver when it is used for the reception of modula- 
ted R.F. signals from broadcast stations. Lessons in Unit 2 will 
.be devoted to the operation of commercial test oscillator. circuits 
and the methods of using such apparatus for radio circuit align- 
ment. 

The first lesson in Unit i is devoted entirely to a complete 
and detailed description of various types of oscillator circuits 
used for radio transmission. This lesson will treat the subject 
of oscillator operation more thoroughly than the information -con--' 
tamed herein., particularly as to the voltage, current and. power 
relations. Other fundamental, self-excited oscillator circuits, 
such as the Colpitts, the ?ieissner, the tuned grid -tuned plate, 
etc.,. will be discussed and their adaptability to the generation of 
hit -frequency carrier waves for the transmission of radio signals. 
The study of crystal -controlled oscillators also constitutes an in- 
teresting phase of radio theory. 
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THE JUMPER 
IN LEAPS AND BOUNDS, HE JUMPS 
AROUND, BUT NEVER GETS AHEAD. 

This little story is true. We write it in the hopes 
that it will never refer to you. 

About twenty years ago, we knew a young fellow who 
possessed remarkable energy. He was always in a great 
rush always had something big just ahead of him. 
People liked this young man, for he had a pleasant smile 
and an exceptional personality. Frequently, the remark 
was heard, 'That fellow is bound to make his mark in the 
world.' 

As time went on, the young man made several out- 
standing accomplishments. He had a host of friends, and 
included among them were dozens of outstanding and in- 
fluential people. Surely, he had the background for a- 
mazing success. Everything seemed to be in his favor. 
But something went wrong, 

Today, that same man is very much worried about his 
future. He has a fine family and is still 'chuck full' 
of energy and pep. But he has no money in the bank to 
speak of. He has no job of any consequence. Of course, 
he still has hosts of friends. And he still delights in 
telling you about all the prominent people thathe knows. 
But for some reason, his clothes have become shabby, and 
he no longer radiates prosperity and confidence which 
can come only with financial security. Many people won- 
dered why he was a failure. Yet the reason was most ap- 
parent. 

From the very beginning, the object of our true 
story had continually sought ways and means of making 
'quick money'. He jumped from one thing to another, 
never remaining in one job long enough to become pro- 
ficient at it. He refused to study. He worked on the 
theory that 'lady luck' would come his way some day and 
he'd 'strike it rich'. 

As time went on, the many influential friends he 
had won lost faith in him. Of course, they still thought 
he was a nice fellow. But well, he never stuck to 
anything. Today, this man is on the verge of entering 
that period of life when success is rare, if it has not 
already been achieved. His wife knows what the future 
holds for her family, but she is helpless. His children 
still have faith in 'daddy' and feel confident he will 
get rich some day. But fate is cruel and heartless. 
Daddy's most productive days are gone. From now on, he 
will just 'get by'. 

As we told you before, this is a true story. ° And 
there are thousands upon thousands of similar cases 
throughout our nation. But they need not worry you, IF 
you will 'stick to what you start' and ignore the beau- 
tiful, 'easy -money' rainbows that are always 'just be- 
yond reach's 

Copyright 1942 
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Lesson Twenty -Four 

RADIO-FREQU, 

AMPLIFIER 

CIRCUITS 
"For a modern radio re- 

ceiver to be capable of satis- 
factory performance, it must be 

sensitive, selective and possess good 
tone quality. The design of the audio -frequency amplifier, which 
amplifies the detector output and operates the loudspeaker, affects 
the sensitivity and fidelity to a great extent, but we cannot neg- 
lect the importance of the radio -frequency amplifier which precedes 
the detector stage. 

"It will be shown in this lesson how the K.F. amplifier plays 
a tremendously important part in the operation of a radio receiver." 

The reception of radio programs without the use of vacuum tubes 
is possible as was discussed in Lesson 18. By means of a crystal 
detector, local radio programs may be received at a volume suffi- 
cient to operate earphones. During the first few years of broad- 
casting, when radio reception was novel, a person was delighted to 

hear any type of radio program, weak and distorted though it might 
be. The fact that earphones were necessary was no deterrent to the 

rapid growth of popularity which radio enjoyed. As the years passed 
the novelty of radio wore off. The public demanded more than the 
mere reception of radio programs; they demanded that a program have 
entertainment value, be relatively free fron noise and have an out- 
put of sufficient strength to operate a loudspeaker so that the en- 
tire family might easily listen. Naturally, the amount of energy 
extracted by the antenna was too small to satisfy these demands and 
therein the need for amplification arose. 

First, there was the "one -tube" receiver, the single tube act- 
ing as a detector. While it was not capable of producing an output 
sufficient to operate a loudspeaker, it was more selective than the 
crystal detector and could reproduce the signals of stations sev- 
eral hundred miles away. 

The next popular type of receiver was the regenerative detector 
followed by two stages of audio amplification. The output of this 
receiver would operate a loudspeaker, when the programs cf local 
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stations were being received. Usually, however, these sets were not sensitive enough to reproduce with loudspeaker volume the pro- 
grams of stations that were at all distant. 

It would be reasonable to suppose that the next step would be 
to add further stages of audio -frequency amplification to increase 
the output of the receiver. This practice, however, brought forth many new problems. First, an attempt to add more than two stages of A.F. amplification resulted in instability and a tendency for 
the output to be so badly distorted as to be unacceptable. Then, 
again, there was the matter of selectivity. The air was rapidly becoming crowded with stations something had to be done.to make 
the receiver able to discriminate between them. Since selectivity 
isvitally important, it is advisable that we now turn our atten- 
tion to a discussion of this subject. 

1. SELECTIVITY. The selectivity of a recetuer may be defined 
as a measure of tts ability to discriminate between wanted and un- wanted signals. Vacuum tubes themselves are not selective; they 
will amplify any frequency fed to their grid circuits, whether. it 
is of the desired station or an interfering station. The problem, 
therefore, is to prevent as much as possible the signals of the un- 
wanted stations from reaching the grids of the amplifier stages. 

As was discussed in the preceding lesson, only a tuned circuit, 
consisting of an inductance and a capacity, has the ability to allow current of a particular frequency to pass through it more easily than current of any other frequency.. The selectivity of a receiver, 
therefore, depends upon the judicious use of tuned circuits. 

Ordinarily more than one, sometimes as many as eight or more, 
tuned circuits are needed to give the desired selectivity. In most 
receivers, some selectivity is obtained between the antenna and the 
grid of the first amplifier stage and additional selectivity is ac- 
quired between the first and second stages and between the third 
stage and the detector: Thus, it is common practice. to use a tuned circuit between the antenna and the first amplifying tube; this re- 
duces 'the strength of" the unwanted signals considerably. Those which do get through to the grid of the first tube are amplified 
along with the desired signal. The output of the first tube is then fed into a second tuned circuit by means of which the ratio between the desired signal and the undesired signals is further increased. 
This tuned circuit feeds a second amplifier tube, the output of which is again introduced into a tuned circuit. By this method, the desired selectivity may be obtained. 

In a few cases, manufacturers have so designed their receivers that all of the selectivity is secured before the desired signal 
receives any amplification. A number of tuned circuits connected together to form a so-called "preselector circuit" make this possible. 

We have not yet considered the type of amplifiers these vacuum tubes must be. Obviously they cannot be A.F. amplifiers because the received signal has never been fed into a detector stage and 
since they are not detectors, there is only one thing left for them to be, and that is "radio -frequency amplifier stages". They are 
amplifiers since they are working over the straight portion of the 
grid voltage -plate current characteristic curve and since they are 
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amplifying the signal before it has been detected; that is, while 
it is a radio -frequency wave, it is proper that they be called radio - 
frequency amplifiers. 

It is impossible to gain any additional selectivity after the 
signal has been passed through the detector; that is, no selectivity 
may be obtained in the A.F. amplifier stages. It would, therefore, 
seem advisable to use several R.F. amplifier stages to attain the 
desired selectivity. Another point which indicates the desirability 
of R.F. amplifiers instead of A.F. stages is that the A.F. amplifier 
must amplify such a wide band of frequencies (from 100 to several 
thousand cycles at least) that the chances for distortion are very 
great. On the other hand, the R.F. amplifier needs to amplify only 
a small band of frequencies, a process which it is able to do with 
a minimum of distortion. To avoid distortion, it would be better 
to use all R.F. amplifier stages, one detector tube and no A..F. 

stages; yet, this is not possible. The fallacy of this argument 
lies in the fact that no detector has, as yet, been developed with 
an output of sufficient strength to operate a loudspeaker; there- 

. fore, at least one audio stage must be used. It is probable that 
some inventive genius of the future will design a detector capable 
of handling the energy required to operate a loudspeaker. Such an 
invention would relegate A.F. amplification in radio receivers to 
the position now held by the spark gap, the coherer and other de- 
vices reminiscent of the early days of radio. 

2. FIDELITY. The fidelity oy a receiver may be defined as a 
measure of how well it reproduces the actual sound wave orifinatint 
in the broadcasttnt studio. When a note of a certain loudness and 
frequency is sung into the microphone, its reproduction from the 
loudspeaker of a radió receiver should have the same loudness and 
frequency as that of the original note; there should be no change 
in its waveform. Any such change constitutes distortion and a de- 
parture from perfect'fidelity. Absolutely distortionless reception 
is not possible at the present state of the radio art, as no receiv- 
er may be said to have perfect fidelity as long as its output is 
distinguishable from the original production. Such a state of af- 
fairs is no particular cause for alarm as the general public has 
so accustomed itself to slightly imperfect reproduction that 'it is 
doubtful whether a distortionless receiver (if it were possible) 
would warrant any additional cost. Modern receivers approach the 
ideal through at least a part of the audio range, and are wholly 
acceptable, to all but the most critical ears. 

The audio -frequency spectrum may, on the average, be said to 
extend from 16 to 16,000 cycles. The best radio transmitters have 
an audio range of 10 to 10,000 cycles and are known as 'high-fidel- 
ity" transmitters. The range of most transmitters is less than 
this; 60 to 7,500 cycles would be average values. 

A very few receivers will reproduce frequencies of I0 and 10,000 
cycles, but such frequencies usually do not receive as much ampli- 
fication as does a frequency in the middle of the audio range. 100 
to 5;000 cycles would include all frequencies satisfactorily repro- 
duced by'the average console receiver, while the midget or table 
model hes an even narrower range. 
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Since good fidelity is one of the requirements of modern day 

receivers, it is necessary that this factor be taken into account 

in the design of R.F. amplifier circuits. If the receiver is too 

selective, it will not admit the full band of frequencies which the 

broadcasting station is transmitting; that is, there will be "side - 

band cutting" with consequent distortion and poor fidelity. It can 

thus be seen that the two factors, selectivity and fidelity, demand 
opposite circuit conditions, for which reason a compromise must be 
effected. A receiver may be made very selective, as much as anyone 
could desire, but its fidelity under this condition would be so poor 
that speech might be unintelligible. On the other hand, the fidel 

ity may be made, not perfect, but acceptable and of very good qual- 
ity, at which point -the selectivityis so poor that the receiver is 
impractical. 

Most receiver manufacturers try to strike a happy medium in 

designing their amplifiers to secure as much fidelity as possible 

and still obtain the necessary selectivity. This may sometimes be 

accomplished"by designing the A.F. stages to amplify certain fre- 

quencies more than others. The frequencies which are over -ampli- 
fied by the audio stages are those which have been partially atten- 

uated' by sideband cutting in the R.F. stages. By such.a process, 
an acceptable receiver may to produced. 

Other manufacturers make the selectivity of their receiver var- 
iable. When one is attempting to receive a distant station, maxi- 
mum selectivity is desirable and tone quality is not of paramount 
importance. For a strong local program, not much selectivity is re- 
quired and the maximum fidelity is then made available by varying 
the selectivity or fidelity control. 

3. SENSITIVITY. The sensitivtty of a receiver may be defined 
as a measure of the over-all amplification from the antenna -ground 
terminals of the receiver to the loudspeaker. It is, of course, 
desirable to have a high sensitivity in order that a very small a- 
mount of input power may produce satisfactory loudspeaker volume. 

Before continuing with a discussion of sensitivity, it is well 
that we inquire into the measurement of .the strength of a received 
signal. The energy radiated from a broadcasting antenna spreads 
out in all directions'and the voltage induced in a receiving anten- 
na only a few miles distant is very small. 

This voltage depends upon two things: the effective height of 
the antenna and the field strength of the radio transmitter at that 
point. The effective height of an antenna is governed by many things 
other than its actual distance above the ground. As an example, it 

depends upon the proximity of the antenna to grounded objects. as 
well as its actual physical height. The field strength of a radio 
signal at a particular posttión is a measurement of the effective- 
ness of the signal in inducing o voltage in a receiving antenna at 
that spot. 

If a signal is able to produce a voltage of one millivolt in 
an antenna whose effective height is one meter, it is said to have 

Attenuate means to reduce in force, value or strength; to weaken. It is a word 
often used in radio literature to describe the weakening of a signal. 
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a field strength of 1 millivolt perimeter (sometimes written 1 av/s). 
If the effective height were 4 meters,' the voltage induced in the 
antenna by the same signal would be 4 millivolts, but the field 
strength would still be 1 millivolt per meter. Thus, the field 
strength may be defined as the voltagetnduced in a receiving an- 
tenna of one meter effective height. The total voltage induced in 
an antenna is the product of its effective height in meters and the 
field strength of the signal in millivolts or microvolts per meter. 
Thus, a signal of 8 my/m would produce a voltage of 12 millivolts 
in an antenna of 4 meters effective height. 

If the receiving antenna is very close to a broadcasting anten- 
na (within a few hundred feet), it may be that the received signal 
is as high as 1 volt per meter; this, however, is unusual. On the 
other hand, if the receiving antenna is located several thousand 
miles from the broadcasting antenna, the field strength of the sta- 
tion at that point would probably be only a few microvolts per meter. 

Most modern radio receivers will give satisfactory loudspeaker 
volume when the voltage induced in the receiving antenna is as low 
as 10 to 15 microvolts. By adding more and more amplifying stages, 
it is, of course, possible to increase the sensitivity of any re- 
ceiver. Thus, it is possible to increase the sensitivity to such 
a point that a received signal of only 1 microvolt or less would 
produce satisfactory loudspeaker volume. 

There are, however, other factors to be considered which are 
directly associated with sensitivity. In the output of the loud- 
speaker, in addition to the program of the station, there is also 
static which is of two forms, natural and man-made. Natural static 
is caused by thunderstorms, magnetic storms and by electrical dis- 
turbances in the ether which may, or may not, be due to sunspots. 
Man-made static, on the other hand, is caused by neon signs, dia- 
thermy and X-ray equipment, sparking motors, telephone dial clicks 
and other equipment of an electrical nature. All these devices 
'generate small noise voltages which are radiated and may be picked 
up by the receiving. antenna; or the noise voltages may be fed back 
into the .power line which is supplying the receiver and thereby 
reach its circuits. The total of all these disturbances, static, 
etc., is known as the noise level and will, of course, differ for 
various localities. 

The noise level may range Pram a few tenths of a microvolt per 
meter in an unusually quiet and secluded spot to several millivolts 
per meter in a particularly noisy location. This voltage is the' 
actual voltage induced in the receiving antenna due to all these 
disturbances. Let us assume that the noise level in a given local- 
ity is 5 microvolts per meter. If the sensitivity of the receiver 
in that location is 1 microvolt per meter, it does not necessarily 
follow that a signal having a field strength of 1 microvolt per 
meter will be reproduced satisfactorily by this receiver. The 
noise voltage of 5 microvolts per meter is five times as great as 
the field strength of the desired station at that point. Both the 
signal of the 'station and the noise voltage will be picked up by 
the antenna and amplified by the receiver. In the output of the 
receiver, the noise voltage will still be five times as great as 
the signal voltage and the program will probably be unintelligible 
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due to the excessive noise. It -is thus seen that there is a maxi- 

mum usable sensitivity which is determined by .the'noise level in 

the location where -the .receiver is to be operated-. 
- 'It is not possible.to tune out these noise voltages'since they 

consist of pulses of energy of very short duration which may be con- 

sidered to cover .a very wide band of frequencies. -If the field 

strength of -a station at a particular point is less than the noise 

level at that point, such a station can never be received satisfac- 

torily, no matter what the -sensitivity of the receiver may be. As 

we all know, the noise level -is higher on some days than others; 

the static is especially annoying on cloudy days or during thunder 

storms and the usable sensitivity of 'a,receiver.is much less than 

normal. . 

Many schemes have been devised for increasing the usablesen- 
sitivity of a receiver'by placing the antenna at a sufficient height 
above the ground to be. out.of the noise range or field caused by 

motors,_etc. By this method, the total noise voltage induced in 

the antenna is -somewhat lower -and, by using aleaf-in wire whichis 
either shielded or so arranged that any noise voltage induced in it 

will becancelled out, the so-called "signal-to-noise ratio". may be 

increased and a signal of alower field strength may be reproduced 
with satisfactory volume without toomuch interference. 

Curves illustrating the selectivity, fidelity and sensitivity 

of a modern, high quality, laboratory -built receiver are shown in 

Figs. 1, 2 and 3. They show the performance of the Scott Philhar- 
monic receiver. This receiver has a fidelity or selectivity con- 

trol,.by.means of which the selectivity may be varied as desired. 

By reference to the graph in Fig. 1,- it may be seen that when the 

control is set for maximum selectivity, a very sharp resonance 

New. SCOTT MIn.NARMONIC 
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Fiy.1 Selectivity curves of 
a modern high-fidelity receiv-' 
er. This receiver is equipped' 
with a' selectivity Control. 
(Courtesy of E. N. Scott Radio 
Laboratories, Inc.) 



curve is obtained. This graph is slightly different from any pre- 
viously given and may require a little explanation. The horizon- 
tal scale has a zero at the resonant frequency and is graduated in 
kilocycles to show off -resonant frequencies. The vertical scale 
shows the relative input necessary to produce the same amount of 
response as a signal of the resonant frequency. Thus, it may be 
seen that when the control is in the most selective position, the 
.relative input of a signal 10 kc. off resonance is 20,000. This 
means that an adjacent channel station (10 kc. off resonance) would 
need to have a field strength 20,000 times as great as that of the 
desired station if it is to produce the same output. It is also 
evident that when the control is set for minimum selectivity (max- 
imum fidelity), the receiver will pass a wide band of frequencies, 
thereby precluding any possibility of sideband cutting. 

The set of curves shown in Fig. 2 illustrates the sensitivity 
of this receiver at various frequencies. The receiver has 5 bands 
and a separate curve is used to show the input in fractions of a 
microvolt necessary to produce satisfactory output for each band. 

The fidelity of this receiver is graphically shown in Fig. 1. 
The various curves show the relative output of the receiver at dif- 
ferent audio frequencies compared to 400 cycles, a frequency which 
is nearly always, used as a standard in fidelity measurements. The 
six curves correspond to six different positions of the tone con- 
trol. When the control is in the maximum bass position, a filter 
circuit is used to reduce the output at 60 cycles to avoid the pro- 
duction of excessive hum. In a like manner, a 10,000 -cycle filter 
is used to reduce the response at this frequency. Otherwise, a 

.fig.2 Sensitivity curves of 
the various frequency bands of 

high - fidelity receiver. 
(Courtesy of E. H. Scott Radio 
Laboratories, Inc.) 
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Fig.3 Fidelity curves of a high-fidelity receiver. (Courtesy 
of E. R. Scott Radio Laboratories, Inc.) 

whistle might be generated by the interaction of the sideband fre- 

quency corresponding to 10,000 cycles and the carrier of the adja- 

cent -channel station. 

4. TYPES OF R.F. AMPLIFIERS. Theoretically, any one of the 

types of coupling used for A.F. amplification could also be used 

for R.F. amplification. Thus, it would be possible to have resis- 

tance, impedance or transformer -coupled R.F. amplifiers. Reviewing' 

the desirability of each, when used as A.F. amplifiers, we find 

that the greatest gain is secured from the transformer type, while 

a better frequency response may be obtained from impedance or re- 

sistance -coupled amplifiers. Frequency response in R.F. amplifiers, 

however, is something that need not be given very much considera- 

tion; the ratio of the maximum to the minimum frequency being amp- 

lified at any one time is very small compared to the same ratio in 

A.F. amplifiers. 
Suppose, for example, that the receiver is tuned to a station 

whose carrier frequency is 1,000 kc. The response of the R.F. amp- 
lifier should be such that all frequencies between 995 and 1,005 kc. 

are amplified equally well. The ratio of 1;005 to 995 is 1.01 to 1. 

On the other hand, the audio amplifier must give equal amplifica- 

tion to all frequencies between 90 and 5,000 cycles (preferably 

higher for good fidelity). The ratio of 5,000 to 30 is 167 to 1; 

a much greater ratio, and consequently frequency response is relax 

tively more important in A.F. amplifiers. Since frequency response 

is not a problem, it would seem desirable -to use transformer -coup- 

ling between the R.F. amplifier stages in order to secure the 

greater gain thereby possible. In addition, tuned circuits must 

8 



ti 

o be employed to secure the'necessary selectivity and may be used to" _' 

sore advantage with'transforser coupling than with either of the 
other two types. . - 

¡ . x- . 
r I 

, 741;---11: r i. ,:. 

Figs Showing the res:istánce- 
coupling between two amplifier 
stages; 

, '1'N'-. w.._ 

Resistance -coupling is' especially undesirable at radio fre-, 

1 
'quencies as the intereleotrode tube capacities tend to by-pass -the 

. signal. A consideration of Fig. 4 will make this clear. This fig- - 

'ure shows the resistance -capacity coupling between' two stages of 
A.F. amplification. A simplified equivalent circuit is shown in I, 

Fig. 5. .In this figure,, the condenser Cpt represents the, plate to' 

+ FI .s A circuit equivalent 
¿, to that of Fig. a. It is used ' 

to show the impracticability . 

' 

of resistance-coupled R.F. am - 
1 

`pl it iers. 
- IM ,... Iii t. - r 4 - ,. -a - : 1 ¡ ,..1 

cs - v - 
1 -.s 

filament capacity of the first tube,,while the condenser CO repro- . I 

seats the grid to filament capacity of the seoond.tube.'Notice 
that these capacities are connected directly. across the load cir- 
cuit. Thus, a large part of the high -frequency signal voltage will J-, 

be by-passed through these condensers and will not be transferred, 

`from óne tube to the following.. 
For the foregoing reasons, nearly'all R.F. amplifiers employ 

transformer coupling, which will now be considered is detail. 

5. TON® RADIO-PRBOQ6NCY AMPLIFIERS. 'Fig. 6 shows done -stage` ,- 

.,tuned radio-frequeney1.amplifier. An R.F. transformer is used'"to' 

_1 
; 1. 

I' , 

Fip.s A ¡Ingle stage 'of 
-tuned radio-f'requancy amy1i= 
ticetion. 

= t . 

- To 
astector - 

. 

.'couple the, to'the input of the amplifier tube. The sewn-, e, _ 

' dary'.of this R.F. transforser-istuned by a variable condenser and, '- 

1 -Often abbreviated T.R.F: - . , +-' - ' 
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as has been previously explained, this secondary and the,variable 
condenser constitute a series tuned circuit. Sincethe action of 
tuned circuits was studied in detail 'in Lesson 22, it will not be 
repeated. _ 

A two -stage T.R.F. amplifier connected to a grid -bias detector 
is illustrated in Fig. 7. We will now discuss the operation of the 
circuit shown in this figure. -- 

The:radiations from many broadcast stations are striking the 
antenna 'and inducing voltages therein. The antenna is itself a 
tuned circuit since it_ contains inductance and capacity. The in- 
ductance comprises the antenna coupling coil Ls, the connecting 
wires and the antenna itself. The capacity is composed of the capa- 
citive effect between the antenna wires and the ground. Since the 
antenna is a tuned circuit, it will naturally .be resonant at some 
frequency and would allow a 'larger current to flaw et that frequen- 
cy than at any other. It should be noticed that_no'provision has 
been made to tune the antenna circuit. This is- usually the case 
with receiver antennas._ Transmitting antennas, on the other hand, 
are always tuned. When the antenna -is untuned, it is said to'be 
"aperiodicTM. The antenna coupling coil provides enough inductance 
so that the natural frequency of the antenna is low; usually just 
below the broadcast band. ' 

There are, therefore; in the antenna circuit, the currents of 
many different frequencies representing as many different broadcast 
stations surging back and forth through the circuit. These surging 
currents create varying magnetic fields about Ls which, in turn; 
induce voltages into Lº by electromagnetic induction. Thus, the 
voltages induced in Lº are those of many different broadcast sta'- 
tions., some weak, some'strong, some of a high frequency and some of 
a low frequency. 

.The first'R.F. amplifier stage. is now tuned by varying the 
capacity of Cº'until the tuned circuit LºCº is;resonant to the fre- 
quency of thé desired station. When this has been brought about, 
the voltage of the resonant frequency which has been induced in.L, 
is able. to produce a relatively large oscillating current through 
the tuned circuity while the currents due to all other frequencies 

0 
Detector 

er 
Amplifier 

a- 

Fig.7 A' two-stage'TRF amplifier connected ,to a grid-Dist_detector. 
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will be small in ceaparison. This oscillating current flowing in 
L:C: produces a voltage drop across C2 larger than the voltage in- 
duced into Le from L1, due to the gain of the series tuned circuit. 
The mount of this gain is proportional to the reactance (either 
inductive or capacitive since they áre equal at resonance) of this 
circuit and inversely proportional to its resistance. To make the 
gain as large as possible, the resistance should be minimized and 
the reactance should be as large as feasible and still conform with. 
other requirements. 

The R.F. voltage acyoss CO provides grid excitation -for this 
tube. It adds to and subtracts from the bias voltage and the plate 
current is varied accordingly. It is assumed that the proper grid 
bias, plate voltage and heatér voltage have previously been applied 
to the tube and that it is operating over the straight portion of 
its grid voltage -plate current characteristic curve. The plate 
current is. a pulsating direct current and has a waveform exactly 
like the R.F. voltage induced in the antenna. by the desired signal. 
It has, however, higher amplitudes due to the gain of the tined cir- 
cuit and'the amplification produced by the tube. 

Since one tuned circuit does not provide sufficient selectivity, 
it is probable that those stations differing from the desired sta- 
tion by 10 or 20 kilocycles will also produce an appreciable volt- 
age 'across C=. These voltages will be amplified by the tube in the 
same proportion as was that of the desired station, since the tube 
does not possess the ability to' discriminate between frequencies. 
Thus, it is quite possible that the plate current of the first tube 
will consist of the variations of the desired signal as well as 
those of adjacent frequencies. Although the interfering signals 
may have the same field strength as that of the desired, signal, the 
tined circuit will give more gain to the desired signal and the 
plate current variations due to this frequency will be larger than 
those caused by the interferring frequencies. 

This plate current'produces a magnetic field about Ls which 
induces an R.F. voltage into L.. The second R.F. stage is tuned 
by varying Cs until the natural frequency of the tuned circuit L.C. 
is equal to that of the desired station. When such is the case, 
the R.T. voltage across L., due tothe desired frequency, will pro- 
duce a relatively large oscillating current through the. tuned cir- 
cuit, while the currents produced by the interfering frequencies 
will be of much smaller magnitude. As a result, the,R.F.'voltage 
Drodup¢eed across the condenser C.'by the désired signals is propor- 
tionally greater than that produced by the interfering frequencies. 
Thus, the second tuned circuit serves to further increase the selec- 
tivity. 

The second tube now amplifies all the 'voltages developed across 
C4. The amplitudes of the plate current changesof this tube are 
greater than those of the voltages across C.: The tube, however, 
amplifies all of the frequencies appearing across C.'equally'well 
and the plate current of this tube will have some variations due to 
the. interfering fregúencies. 

This plate current sets up a.varying magnetic field about Ls 
and, in -turn, induces an R.F. voltage into Ls. The detector stage 
must-nowrbe tuned to the desired frequency by varying the capacity 
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of the condenser Ce until the resonant frequency of the tuned cir- 

cuit LeCe is equal to that of the desired station. When this has 

been done, the R.F. voltage across Le, due to the desired station, 

produces an oscillating current in the tuned circuit and again due 

to the gain of the tuned circuit, a larger voltage is created across 

Ce. By this time, the ratio between the voltage of the desired fre- 

quency and the voltages of the interfering frequencies is so great 

that the interfering frequencies can no longer be considered as a 

source of interference. Ordinarily, at least three tuned circuits 

are required to accomplish this result. 
As has been previously explained in the lesson on detection, 

the R.F. voltage across Ce causes the plate current of the detector 

tube to vary at an R.F. rate. Since the detector tube is operating 

on the lower bend of its grid voltage -plate current characteristic 

curve, the negative alternations are cut off and the average value 

of the plate current is equal to the impressed A.F. wave. The R.F. 

component of the plate current is then filtered out by condenser C7 

and the R.F. choke (marked R.F.C.). The A.F. component or the aver- 
age current flows through the headphones and reproduces the program 
of the desired station. 

Since the secondary of an R.F. transformer has more turns than 

the primary, a step-up in voltage is also obtained from the plate 

circuit of one stage to the grid circuit of the succeeding stage. 

There is, however, a limit to this step-up ratio. In order for the 

tube to produce appreciable amplification, it must work into a load 

which is several times as great as the plate resistance of the tube. 
This may be accomplished only by using primary windings having a 

large number of turns and, consequently, a high value of inductance. 
It is usual practice to make the primary of an R.F. transformer 

quite large in order to secure the maximum amplification possible 

from the tube and then to design the secondary of the R.F. trans- 
former to secure some step-up in voltage. 

For a number of years, the majority of receivers employed two 

stages of T.R.F. amplification as illustrated in the diagram. The 

output of the R.F. amplifier was fed into agrid-leak detector which 
was then amplified by two stages of A.F. amplification and its out- 
put fed to a loudspeaker. These T.R.F. sets, as they were called, 

have largely been superseded by the superheterodyne which will be 
studied in Lesson 27. 

We should not form the opinion that the study of tuned radio 

frequency amplification is unimportant since T.R.F. receivers are 
but seldom used. A clear understanding of the superheterodyne re- 
ceiver is impossible without a thorough knowledge of the operation 
of a T.R.F. amplifier stage. 

The circuit shown in Fig. 7 is not complete and would not op- 

erate properly. As we shall learn later in this lesson, each of 
the R.F. amplifier stages must be neutralized before efficient re- 
sults may be secured. 

6. PRESELECTORS. In the T.R.F. amplifier, the amplification 
and selectivity are obtained simultaneously. Each stage increases 
the ratio between the wanted and unwanted signals. A few receivers, 
however, are designed to -secure the selectivity first and the amp - 
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lification later. Such receivers employ a system of tuned circuits 
known as a preselector. The preselector isplaced between the an-' 
tenna and the -first R.F. stage.and the R.F. stages use transformers 
that are untuned. 

An' example of this arrangement,is shown in Fig. 8. There are 
four tuned circuits between the antenna and the first'R.F. stage. 
L1C1 is a parallel tuned circuit and is tuned to the frequency of 
the desired station. A paralleltuned circuit offers maximum im- 
pedance to currents of the resonant frequency and a comparatively 
low impedance to all other frequencies. Therefore, the frequency 
of the desired station will produce a relatively large voltage drop 
across the tuned circuit since it must flow through a high impedance 
and all other frequencies will produce small voltages as the tuned 
circuit offers small opposition to them..' The voltage across the 
tuned circuit is transferred by mutual induction to the second tined 
circuit: The desired frequency is able to produce.a larger voltage 
in Lt than other frequencies due to the frequency discrimination 
of L1C1. 

circuit usedr wsitlñ cunr 
.tuned R.F. amplifiers. 

'he second tuned circuit consists of L,, Co srd La; L= and La 

are in series. When it is tuned tó the desired signal, an osáillet- 
ing current flows through this circuit. This current produces a 
voltage drop across L. .It is obvious that the desired signal will 
create a much larger'voltage than will any interfering frequency. 

The inductor La is also a part of the third tuned circuit; La . 

and Le are in series. Thus, the voltage across La, produced by the 
oscillating current of the second tuned circuit, is transferred to 
the third tuned circuit and causes an oscillating current to flow 
through La and Cs. This current develops a voltage across La which 
is transferred to L1. The. oscillating current of the fourth tuned 
circuit then creates a.voltage across C4 which varies the plate cur- 
rent of the first R.F.stage. 

Each -of the four tuned circuits increases the ratio of the de- 
sired signal to that of undesired signals and the amplifier which 
has se' frequency discrimination then amplifies whatever frequency 
'is applied to it. All tuning takes place in the preselector. 

The coil La is a mutual reactance; .it is common to both the 
second and third tuned circuits. Sometimes a condenser is used in- 
stead of a coil. The preselector of such a receiver is shown in 
Fig. 9. The condenser Ca is part of the second and third tuned 



circuits. The voltage developed across Cm transfers energy. from 
LºCº to L3C3. 

Fig.9 -A preselector circuit 
using a condenser for mutual 
coupling. 

7. DFSIGN'OF R:F. TRANSFORMERS. As statedbefore, the ratio 
of the reactance vf a series tuned circuit to its resistance should 
be as large as possible to produce maximum gain. In order that the 
-reactances be large, the inductance must be great and the capacity 
small, or the ratio of the inductance in henries to the capacity in 
farads must be very large. Other factors, however, limit the value 
this ratio may have. 

Let us assume that the maximum frequency to be amplified by 
the receiver is 1600 kilocycles. To produce resonance of a tuned 
circuit at this frequency requires that the product of the induc- 
tance and the'capacity of the circuit be a definite -value. This 
product may be satisfied by using many different values of induc- 
tance and capacity. If the inductance is to be made large, the' 
capacity must be small to keep their product constant. 

There is, however, a minimum capacity attainable in any tuned 
circuit. Thus, when the condenser plates are completely out of 
mesh, its capacity is not zero, but is a definite minimum value. 
In addition, the capacitive effects between the connecting wires 
and the distributed capacity of the R.F. transformer secondary limit 
the minimum capacity obtainable to approximately 40 mmfd. or more: 
Since -the minimum capacity islimited, the maximum value of induc- 
tancé.which will tune to the highest frequency is 'also limited. 

The frequency range to be covered 'is ordinarily from 550 to 
1600 kilocycles. :The ratio of the highest frequenn to the lowest 
is approximately 3:1. From the formula, F =.159 f. it may be seen 
that the frequency varies inversely as the square root of the'capac- 
ity, if the value -of the inductance is kept constant. Thus, in- 
creasing the 'capacity four times"would'hálve the frequency, etc. 
Since the frequency range.to be covered is 3:1, the variable con- 
denser must have a capacity range from maximum to minimum of 9:1. 
The minimum capacity is fairly well established by the stray capac- 
ity of the.circuit and as the maximum capacity must be'9'times as 
great, it follows that the maximum capacity is likewise definitely 
determined. Thus, it may be seen that once the frequency range has 
been decided upon, the maximum 'capacity, minimum capacity and in- 
ductance of the circuit are at once fixed. 

There now remains the primary windingto- be considered. The 
fact that a small primary is inadvisable due to the low amplifica- 
tion obtained from the tube has been previously mentioned. Thus, 
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the primary has a fairly well established value and as the secondary 

is also fixed, the turns ratio is determined. 

The step-up in voltage between the primary and secondary is 

not equal to the turns ratio of an R.F. transformer as is the case 

with an audio or power transformer. The coupling between air core 

coils is never as great as between two coils mounted on the same 

iron core. The magnetic field of the primary is not confined to 

the core to such an extent and many of the lines of force.do not 

cut through the turns of tke secondary and are thus ineffective in 

producing a voltage in the secondary. 'Such lines are known as leak- 

age lines or leakage inductance. Thus an R.F. transformer having 

a turns ratio of 4:1 might have a voltage step-up of only 1.2:1. 

It is not possible to use iron core transformers for radio 

frequencies.' In any iron core transformer, the varying magnetic 

field induces voltages into the iron core which cáuse circular cur- 

rents.to flow through the core. These currents are known as eddy 

currents and they increase in amount as 'the frequency of the pri- 

mrry current is raised. To minimize their effect as much as pos- 

sible, the core is composed of thin sheets of iron electrically in- 

sulated from each other by a thin coat of lacquer. Such construc- 

tion reduces the length of the electrical paths, but does not in- 

terfere with the Magnetic path. The sheets are known as laminations. 

Even with this design, the eddy currents produced when an R.F. 

current is passed through the primary are very large and their heat- 

ing of the iron core dissipates such a considerable power as to 

make their use at radio frequencies impractical. 

Furthermore, iron core transformers have very close coupling 

and, as will be explained later, the coupling between the primary 

and secondary windings of an R.F. transformer is somewhat critical 

and has a direct effect upon the selectivity of the tuned circuit. 

The forms upon which R.F. transformers are wound are construc- 

ted of bakelite or some other insulating material. The material 

should have low dielectric losses as it will be in the electrostatic 

field produced between the turns and thus will affect the distrib- 

uted capacity. The wire used in winding the transformer may be 

enameled, silk or cotton covered. 

FIg.10 An R.F. transformer. 

In.the very early receivers, the R.F. transformers were quite 

large, being 2. or.5 inches in diameter and 5 to 5 inches long. 

Throughout succeeding years, they became smaller and smaller in 

size and, at present, they are an inch or less in diameter and ap- 

proximately.1 to 2i inches long. An illustration of an R.F. trans- 

former such as used in modern receivers is shown in Fig..10. 

Recently it has become possible to use a form of iron core coil to amplify the 

intermediate frequencies produced in a superheterodyne receiver. The core consists of 

particles of finely divided iron, carefully insulated from each other by a binding com- 

pound applied under'high pressure. 
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' After the inductances '.of the primary. and secondary have been 

selected, it is then necessary to calculate the number of turns re- 
quired to. produce these values. The exact calculation of the phys- 

ical dimensions of a coil for a given inductance is somewhat complex. 
The following -formula, however, is. accurate to within approximately 

2%. 'It is: - - - 

n = (9 x L) + 10_xL xb 
a 

L is the inductance in icrohenries' . 
Where: 

n is the number of turns 
a is the radius of the coil'fori in inches 
b is the length of the winding in inches 

The..following example illustrates the useTof this formula.- 

Example (1) How many turns must a winding have if it is to be 
2 inches long, have a radius of 1 inch and an inductance of 100 mi- 
crobenries? Substituting these,:values in the above formula, we ob- 
tain: . . . 

49 x 100) + 10 x 100.x 2 
1 

_ 2700- + 6000 

_ $rf(Rr 

= 93 turns_ . 

8. LOSSES IN R.F. ODILS. To keep the losses of an R.F. trans- 
, former at a minimum, it is necessary to reduce -the resistance'of 
the'windings to the least possible value consistent with economy. 
The losses created when a high -frequency current flows through an 
R.F. winding are considerably greater than those produced by a di- 
rect current flowing through the same winding. The effect is the 
same as though the coil has agreater resistance to radio -frequency 
currents than it has to direct current and such has been found to 
be the case., Its R.F. resistance is greater than its ohmic -or DC 
.resistance. 

The major cause of this phenomenon is known as "skin effect" 
and is due to the fact that high -frequency currents show a'tendency 
to flow -only along the outer surface, or "skin" of the conductor 
and not through its center. Thus, only a small proportion óf the 
total'cross-sectional area of the wire is effective in carrying the 
current. Since the effective cross section is reduced, the resis- 
tance to the flow of -current is thereby increased. Why the high 
frequency currents behave in this manner maybe explained as follows. 

_Referring to A, Fig. 11, it is seen that the flow of electrons 
is uniformly distributed throughout the cross section of a wire when 
it is carrying a direct current. There are as many flowing in the 
center as there are on the outer surface. When an.alternating cur- 
rent of a medium frequency flows through the wire, the concentric 
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magnetic field which exists about the wire rapidly expands and col- 
lapses as the current rises and falls. This magnetic field in ex- 
panding and collapsing cuts through the wire itself and induces a 
voltage within the. wire which, according to Lenz's Law, is in such 
a direction-as,to-oppose the flow of -current through it. Whatever 

- magnetic -field there is -around the wire must first have expanded 
from the center of the conductor and, when it collapses, it must 
collapse to the center of the conductor. Therefore, the center of 
the wire is cut by more lines of force than is the surface. For 

DIRECT CURRENT 

(A) 

MEDIUM HIGH 
FREQUENCY AC FREQUENCY AC . 

(B) (C) 

cu FIg.ii'f I OAS Distribution 
of current In a conductor when direct rrentthrogh it. 

(B) The effect that a medium frequency AC has -upon the 
current distribution. 

(C) Illustrating skin effect when ahigh-frequency cur- 
rant flows through a conductor. 

this reason, the induced voltage is greatest at the wire.'s exact 
center. This -causes the opposition to the current.flow tc be 
greatest at the center and least at the surface -and thus the -cur- 
rent or electron flow is not uniformly distributed as with direct 
'current, but is densest at the outer surface as shown at B in Fig. 
11. When the current under consideration is of -an .extremely high 
frequency, such as a -radio frequency, this effect is tremendously 
increased and practically all the current flows along the outer 
surface. of the conductor as shown at C. While the resistance of 
an R.F. transformer coil to direct current say be only 10 to 200 ohms, 
it is quite possible that its effective resistance is 150 to 2000 ohms 
or more at radio. frequencies. 

. 

One way of minimizing the loss due to skin effect is to in- 
crease the surface area of. the conductors. This many be done by 
usingLitz wire to wind the radio -frequency transformer. Litz wire 
is composed of 25 or more strands of fine wire,,.each individually 
insulated from. the others by enamel. -It is sore expensive than 
ordinary magnet wire, but due to the greater Surface area of its 
conductors, it has a lower R.F. resistance. 

Another undesirable property of -a tuning coil is its distrib- 
uted capacity. When a voltage is applied to .a coil, there is a 
shallvoltage difference between each two adjacent turns. =These 
turns are conductors and are insulated from each other by the in- 
sulation of the wire. They, therefore, form minute capacities 
which in the aggregate may be considered as one capacity placed in 
parallel with -the coil. This is shown in Fig. -12.-.At low frequen- 
cies, the reactance of this' distributed'capacity is so large that 
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its effect maybe neglected. At higher frequencies, this -reactance 
may become small enough to tune the coil, thereby' forming a paral= 
lel tuned circuit. Thus every coil has'a natural frequency deter- 
mined by its inductance and its distributed capacity. At frequen- 
cies'higher than the natural -frequency of the coil, most of'the cur- 
rentis by-passed by the distributed capacity and only a small part 
flows through the coil itself. Thus it may be seen that the dis- 
tributed capacity is undesirable. 

fig.12 Illustrating the var- 
ious capacitances that exjst in 
a coll. 

The small individual capacities existing between turns have 
the wire insulation for dielectrics and it is quite possible that 
there will be some losses in this dielectric, due to dielectric 
hysteresis. Any such loss will add to the apparent resistance of 
the coil. An additional disadvantage of distributed capacity in á 
tuning coil is its reduction of the frequency range through which 
the,.coil may be toned by a variable tuning condenser. Thus, when the 
variable condenser is set at minimum capacity, there still exists 
across the coil the distributed capacity. This. serves to limit the 
highest frequency to which the circuit may be resonated. 

The distributed capacity of a tuning coil may be kept at a 
minimum by using small wire which has the effect of reducing the 
plate size of the individual capacities, or by leaving spaces be- 
tween adjacent turns of the coil which increases the thickness of 
the dielectric. This, of course, cannot be carried too far, as 
the use of too small a wire will increase the resistance and leav- 
ing too muchspace between adjacent turns will reduce the inductance 
and, hence, the coil will require more turns, which again would in- 
crease the distributed capacity. The larger the coil, the greater 
its surface area will be and.the more distributed capacity it will 
have: 'This is another reason favoring the use of small tuning coils. 

When coils have.sevéral layers, the problem of distributed car 
pacity is even more serious. Thus in the case of an audio, transform- 
er, the windings consist of many layers and, while the frequencies 
used are relatively .low,yet.the distributed capacity is so large 
as to:produce undesirable effects at the higher audio frequencies. 

Many different .schemes have been devised to ,reduce the dis- 
tributed capacity. Thus, A in Fig. 11 shows a two -layer coil wound 
in a manner called "bank winding". The advantage of this type of 
winding in reducing the distributed capacity may be seen by refer- 
ring to B, Fig. 11. This figure illustrates an ordinary two -layer 
coil with a common -type of layer winding. The voltage difference 
between turns 1 and 7 may be considerable. Likewise, the voltage 
between any turn of the first layer and the turn of the second layer 
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immediately above it is apt to be rather high. This is the same as 
saying that the small condenser formed by these two turns is charged 
to a relatively high voltage. On the other hand, with the bank type 

of winding, the voltage between the turns of one layer and those of 

the other is small. Thus at A, Fig. 13, the voltage between turn 1 

and turn 3 would naturally be small, since it would be equal to the 

voltage built up across two turns, while the voltage between turn 1 

and turn 7 of B in the figure would be equal to the voltage built 

d N) q 4'M 
»jr414.1014.10, 

Bank Winding - - - 

. (A) 

fininiriTmTi. 00000 

00 1 
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Ordinary Two - 
Layer Minding 

(B) 

Fig.13 (A) Bank winding used to minimize the effect of distri- 
buted capacity. 

(B) Ordinary layer winding in which the distributed ca- 
pacity is large. 

up across six turns. If the coil consisted of several hundred turns 
per layer, the reduction in voltage between nearby turns obtained 
by this method of winding wculd greatly decrease the current flow- 
ing in these small capacity circuits and the tendency for R.F. cur- 
rents to be by-passed by the distributed capacity would be lessened. 

9. DESIGN OF VARIABLE CONDENSERS. The actual constructional 
details of variable condensers were discussed thoroughly in Lesson 

11 and will not be repeated. There are, however, a few additional 
facts about their construction and use which should be given some 
attention. 

The stationary or stator plates of avariable condenser should 
always be connected to the grid of the tube, while the rotating or 
rotor plates should be at ground potential. This type of connec- 
tion is advisable to eliminate "hand" capacity. Suppose, for ex- 
ample, that the connections were reversed and the rotor connected 
to the grid. As previously explained, R.F. voltages will be devel- 
oped across the condenser due to the signal and, if the rotor is 
connected to the grid, it will not be at ground potential. The 
rotor plates are joined to the shaft which, in turn, is rotated by 
a dial or knob on the panel of the receiver. When an attempt is 

made to tune in a station, the presence of one's hand on or near 
the knob will change the tuning of the circuit. The hand is at 

ground potential and, when placed on the knob, it is close to the 
shaft to which the rotor plates are connected. Thus, a capacity 
will exist between the hand and the rotor plates. This capacity 
is in parallel with that of the tuning condenser. Therefore, asta- 
tion may be tuned in by rotating the knob with the hand, but, as 

soon as the hand leaves the knob, the total capacity across the coil 
is changed and the station is not properly tuned. All of this can 
be avoided by making sure to connect the rotor plates to ground. 
When they are so connected, there can be no capacity between the 
hand and the rotor plates since they are both at the same potential. 

The shape of the rotor plates have considerable bearinz upon 

19 



the convenience of tuning. The earliest variable condenser em- 

ployed semi -circular stator plates and rotor plates as shown at A, 

Fig. 14. This type tf plate produces a relationship between the 

amount of rotation and the total capacity, which is linear; thatis, 

the capacity is directly proportional to the degree of rotation. 

When the rotor plates have.been rotated through 90 degrees, the ca- 

pacity of the condenser is half of its maximum. Straight line ca- 

pacity plates (abbreviated S.L.C.) are not suitable for tuning in 

radio receivers. This may be explained by the fact that the fre- 

quency to which the circuit is resonant does not vary directly with 
the capacity of the circuit, but inversely as the square root of 

the capacity. Thus, equal changes in capacity will not produce e- 
qual changes in frequency. For example, when the condenser plates 

are almost completely intermeshed, a further rotation of 1 degree 
might produce a chRnpe in the resonant frequency of only 1 kilocy- 

cle. The same 1 degree rotation when the plates are almost out of 

mesh would probably produce a change in frequency of 10 to 15 kilo- 

cycles. Thus, the low -frequency stations would be approximately 10 

degrees apart on the dial, while at the high -frequency end of the 

dial there would be nearly three stations for each degree of rota- 
tion. Such extreme crowding at the high -frequency end would make 

accurate tuning impossible. 

(A) (B) (C) 

Fig.ta (A) The shape of the rotor plates of a straight-line ca- 
pacity condenser. 

B A straight-line frequency condenser. 
(C) A centraline condenser. 

To overcome this difficulty there was designed the straight 
line frequency (abbreviated S.L.F.) condenser. The stator plates 
are semi -circular while the rotor plates are shaped like illustrated 
at B, Fig. 14. The relationship between the degrees of rotation and 
the frequency to which a tuned circuit would be resonant is linear; 
that is, equal changes in rotation produce equal changes in the res- 
onant frequency. With this type of condenser, stations separated 
by 10 kilocycles in frequency come in at equally separated points 
on the dial. Such a condenser would be ideal except for the fact 
that there are many more high -frequency stations than those of low 
frequency. Hence, one-half of the dial will be far more crowded 
than the other half. 

To remedy this situation, a third type of condenser was de- 
signed with plates shaped like those at C, Fig. 14. It is called a 
centraline or midline condenser and it is so designed that stations 
will be approximately equally spaced throughout the entire rotation 
of the dial; that is, this type of condenser compensates for the 
fact that there are more high -frequency stations than those of low 
frequency. This type of condenser is used in practically all mod- 
ern receivers. 
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'10. SINGLE CONTROL TONING.' The very earliest receivers had 
such a Multiplicity of controls'that accurate tuning was not only 
difficult; it was well-nigh.impossible.' As late as 1928, it was 
still necessary to manipulate three dials in order to tune in a 
station. This was not only inconvenient; but the average person 
would not take the time necessary _to accurately tune in a station 
and, therefore, perfect reception was not obtained. 

As may be seen by reference to Fig. 7, a receiver consisting 
of two stages of T.R.F. will have three tuned circuits., one between 
the antenna and the first R.F. stage, another between the first and. 
second R.F. stages and a third between the second R.F. stage and 
the detector. To tune such a receiver to a station requires that 
all three of these tuned circuits be properly resonated. If these 
'three circuits are to be tuned by'a single control, three variable 
condensers must be ganged as was explained in Lesson 11. All of 
the rotors are mounted upon a common shaft and changing the capac- 
ity of one condenser will change that of the other. At any setting 
of the dial, the three tuned circuits must be exactly resonant at 
the same frequency. For this to be accomplished, the three induc- 
tences.which these three variable condensers tune must have exactly 
the same value. Likewise, each variable condenser must have exact- 
ly the same capacity as the other two at any setting of the dial. 
The total capacity of -each of the tuned circuits will depend not 
only upon the capacity of the condenser, but also on the stray ca- 
pacity associated with each circuit due to circuit wiring. Since 
this is apt to be different in the three circuits, some method of 
compensation mast be devised to assure that the three circuits are 
correctly resonated at any setting of the dial. 

Each variable condenser has a small trimmer or padding conden- 
ser connected in parallel with it. The trimmer consists of two 
sheets of spring brass separated by a sheet of mica, Its capacity 
is varied by increasing or decreasing the tension between the pieces 
of spring brass by means of a screw holding the assembly together. 

Trimmers, ordinarily have maximum and minimum capacity values 
of 10 and 5 mmfd., respectively. Since their .total capacity is 
rather low, they will be more effective at the high -frequency end 
of the dial where the tuning condenser is unmeshed and the capaci- 
ty of the circuit is dependent upon the distributed capacity, etc.. 
If the stray capacity of one of these tuned circuits is lower than 
that of the other two, it may be made equal to the others -by in- 
creasing the capacity of tle trimmer condenser associated with that 
stage. The procedure of making the stray capacities. of the three 
stages equal.is called "aligning" the receiver and will be discussed 
in considerable detail in a later lesson. 

11. SELECTIVITY OF MULTIPLE TONED STAGES. The fact that the 
total selectivity of any radio receiver depends upon the number of 
tuned circuits in the receiver is clearly illustrated by the dia- 
gram shown in Fig. 15. This diagram shows four resonance curves. 
The one marked 'A is the resonance curve of one tuned circuit of a 
receiver.employing two stages of T.R.F. amplification. Curve B 
shows the selectivity.secured with two of the tuned circuits of 
thisi set, end curve C shows the eoebined over -ell, selectivity gained 
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ales. Notice that with one tuned circuit a frequency 10 kilocycles =. 
off resonance (790 kilocycles) receives only 80% as such amplifies- :-,u' 
tion as the - resonant frequency. This is shown at point 1 on curve A. º ' 

. The second tuned circuit also amplifies the 790 -kilocycle fro- : ' 

` quency Just 80% as such as the resonant frequency. Hence, the to- - 

tal eiplification- received by this frequency after it has passed - -'p , 
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resonant frequency. ' 

Dy the tine that the 790-kc. frequency has passed through three - , I'' i 

tuned circuits, it has received .8 x .8 x .8 =..512, or 51% as much _ i- 
amplification as the resonant frequency. A 'fourth tuned circuit =+- 
.redilc es this to approximately 415. - - ' . - .. 4 

.- . !T) n r. ' 
- :,.-':- --rd:.-- 7."-.7...--, .'t é .-1, - - .1 ri _ 

SO 

7 

V 

/ 

/I 
111 

N l\1 
\ 7 

\ 

Mi .n 

'- ... 1 
- 

- -1, 
2 First Second Third 

21'4: R.F. Stage R.F. Stage Stags 
, Jr 1' 

. ` 
4 

. F : 
Ir 

. . p 

171 

- I .,''r'C -,'_`Li I 

I ` ...iii 

1 _ 

I 
A`. 

{ _ 
Fip.its Diagram 'illustrating how seviral tuned stages'awplifr_aad,,-_a 

imerease the *herons** of 'tuning. . 



ig.` 16 illustrates bow several stages of T.R.F, amplification 
amplify and sharpen the over-all selectivity curve. 

Another factor which affects the shape of a resonance curve 
considerably is the amount of coupling between the primary and sec- 
.ondary of an R.F.. transformer. With close coupling, tbe selectivity 
is rather poor, while with loose coupling, a considerable' increase 
in selectivity may be obtained. Close coupling, of course, means 
that the primary and secondary windings are placed closely together 
so that nearly all of the magnetic field surrounding the primary 
coil cuts through the turns of the secondary while with loose,coup- 
ling, the two windings are separated somewhat and oaly'a portion of 
the field surrounding the primary is effective in inducing voltages 
in the secondary. Why'this difference im coupling is able to pro- 
duce a change in selectivity may be explained by reference to Fie. 17. 

F 

Fig.17 'Illuitratino how 
1,dose coupling Increases se- 

_ lectivity. 

This figure shows diagrammatically the two grindings of an R.F. 
transformer with very loose coupling.' -(The looseness. of the coup- 
ling is exaggerated in order to clarify the-explanatlon.) Let us 
assume that in the primary winding there are ctirreats of -two fre- 
quencies; the -desired frequency and an interfering frequency.Since 
the two have already passed through one -stage of amplification,4the 
desired 'frequency is, stronger than the interfering frequency and 
the magnetic field set up by the desired frequency is represented 
by the solid lines enveloping the primary coil. Notice that this 
field extends a considerable distanoe from the primary and'isable 
to out through the turns of the'secondery, - 

On the other hand, the field surrounding the primary, due to 
the interfering frequency, is considerably weaker and say be repre- 
sented by the dotted lines shown,in the figure. As this field is 
relatively weak,'it_does not extend outward from the surface.of the 
coil for aiy great distance. With coupling as loose as shown here, 
this second -weak field will not be able to induce -any voltages in- 
to the'secondary and,. for this reason, additional selectivity is 
obtained. 

- 

Fiy.141 illustratliy why broad 
tuning is obtained with closely 
coupled circuits;. - 



Now assuming that the two fields surrounding the primary are 

the same as before, let us change the coupling by moving the sec- 

ondary winding close to that of the primary. This would constitute 

a close-coupled case. Fig. 18 illustrates the circuit under these 

conditions. It may now beseen that the field created by both the 

desired frequency and interfering frequency are able to cut the 

turns of the secondary winding and, therefore, induce voltages therein. 

This means that the selectivity obtainable with this coupling will 

not be as good as with loose coupling since some of the interfering 

frequency will be transferred to the following stage. 

Close coupling, then, has the effect of broadening the resonance 

curve and making the circuit less selective. Loose coupling in- 

creases the selectivity of the receiver, but may cause sideband 

cutting if the increase is too great. 

12. INSTABILITY IN R.F. AMPLIFIERS. It has been assumed that 

the R.F. amplifiers studied up to this time have operated efficient- 

ly and have been free from causes which would tend to make them un- 

stable. Unfortunately, every R.F. amplifier is inherently unstable 

and will not operate unless particular care is taken in its design 

and construction to eliminate the factors which tend to render the 

amplifier unstable. 
By instability is meant the tendency to break into oscillations. 

As was learned in Lesson 21, avacuum tube will operate as an oscil- 
lator or a generator of alternating currents if a portion of its 

output, of proper phase and magnitude, is fed into its input cir- 

cuit. Under these conditions, the vacuum tube supplies its own in- 
put and is said to break into oscillations or to act as an oscilla- 

tor. The frequency of this oscillation is determined by the reso- 
nant frequency of the tuned circuit or tank circuit associated with 

that stage. 
It has been stated that any tuned circuit contains some resis- 

tance and that the feeding back of a small portion of the output 

energy into the tuned circuit produces the same result as if the 

actual resistance of the tuned circuit- had been decreased. It was 

stated that this energy fed back from the plate to the grid circuit 

could be thought of as a negative resistance which cancelled the 
positive resistance of the tuned circuit. If the amount of nega- 

tive resistance fed back into the grid circuit was not enough to 

completely cancel the positive resistance, the process was known 

as regeneration and it was found that a considerable increase in 

amplification might be obtained by this method. If, however, the 

negative resistance completely cancelled the positive resistance 
of the tuned circuit, then the vacuum tube acted as an oscillator 

and would generate high-frequency currents whether its input volt- 

age was removed or not. The mere fact that energy is fed from the 

plate circuit to the grid circuit is insufficient reason for the 

production of oscillations since this energy must be of the proper 
phase; that is, it must be in such a direction as to add to that 

already present in the grid circuit. If.it is of opposite phase, 
then degeneration, rather than regeneration, is produced. Other 

factors which determine the amount of regeneration are frequency 
and amplification. All R.F. amplifiers have a greater tendency to 
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oscillate at the'high-frequency end of the -band than at the'low. 

At the higher frequencies, the capacitive effects which could cause. 
feedback have slower capacitive reactance and thus are able to feed - 

back more energy. Likewise, feedback due to magnetic effects is - 

greater at the higher frequencies as a more rapidlychanging mag- 
netic field is able to induce larger voltages. 

With very large amounts of amplification, thetendency toward 
oscillation is greatly increased as thedifference between energy 
levels of the grid and plate circuits is'so very great and a much 
smaller part of the total energy in the plate circuit need be fed 

W beck in order to produce oscillations. 
Quite often an amplifier stage will oscillate when it is tuned 

to a high frequency while it will be stable at middle or lower fre- 
quencies. Again, a stage will stop oscillating when its plate 
voltage is decreased as a -reduction in plate voltage causes the 
amplification to be less. - 

It must be remembered that if an R.F. amplifier stage oscil- 
lates, it will not function satisfactorily as an amplifier. 

There are four methods by which the energy in the plate cir- 
cuit of an R.F. aiplifier'stage may be -fed back -into its grid cir- 
cuit. They are: - - 

1. Stray inductive coupling 
2. Stray capacitive coupling - - 

Ss. Coupling through a common impedance 
4. Coupling through the interelectrode capacity of the -tube - 

Stray inductive coupling might be caused by the magnetic field 
surrounding the plate coil of an R.F. stage, cutting through and 
inducing voltages into the grid coil of that stage. This condition 
is shown in Fig. 19. Wemust remember that the amount of .energy 

fig.19 Showing how feedback 
can occur' from magnetic coup- 
ling between the, plate 'and. grid 
coils of an amplifier. 

needed to canse oscillations is usually very small 'and it is quite 
possible that the voltages induced in the tuned circuit from the 
plate coil of this stage would be more than enough tó produce os- 
cillations. Stray magnetic coupling could also exist between the 
wire leading from the stator of the tuning condenser to the grid 
and the' wire between the plate coil end the plate. If these two 

wires are run parallel for only a short distance, it is possible 
that the magnetic -field surrounding the plate lead would induce 



voltages into the grid lead and cause oscillations. 
Oscillations due to this source cañ be completely eliminated 

by shielding the R.F. transformers and by making certain that the 
plate and grid leads.are not close together. 

Before continuing further, it might be advisable to explain 
briefly the principle, of shielding R.F. coils and transformers. 
Shields for use with R.F. transformers are composed of thin sheets 
of copper or aluminum and are usually in the form of cylindrical 
or rectangular, containers completely surrounding the coil. The 
magnetic field about a high -frequency coil without shielding is 
shown at A, Fig. 20. When a coil such as this is placed within a 
shield, the magnetic field varying at an R.F. rate induces voltages 
into the shield itself. These voltages cause eddy currents to flow 
through the shield material which, in turn, create á magnetic field 
around the shield. According to Lenz's Law, this magnetic field 
will at -every instant oppose the magnetic field around the coil. 
Thus, the effect of the shield is to limit the field óf the coil to 
the space within the container. Arty effect which the field of the 
coil might have upon an object outside of the container would be 
neutralized by the field of the shield. The field surrounding a 
shielded R.F. coil is shown at B, Fig. 20. 

./,iü,See. 

(A) 

Shield 

(B) 

Fig.20 (A) The electromagnetic flux about an unshielded coil. 
(8) The electromagnetic flux about a coil having a non- 

magnetic shield. 

In order that shielding shall be efficient, allthe joints of 
the container should be soldered to insure that the resistance of- 
fered to the eddy currents shall be as low as possible. 

It would seem that shielding a coil is very simple and need 
not be given wore than passing consideration. However, it is found 
that the effects of the shield upon other factors of the coil are 
such that they mast be taken into account. The first effect that 
the shield has upon the coil is to increase the coil's apparent re- 
sistance. The production of the eddy currents within the shield 
material constitutes a power loss as these eddy currents must flow 
through the resistance of the shield and thereby generate heat. 
This power can come only from the coil itself, which is furnishing 
the magnetic field to induce the voltages in the shield. Thus, it 
may be said that the losses of the coil are increased, which in ef- 
fect is the same as adding more resistance to the coil. 

It has been found that a close fitting shield tends to canse 
a larger increase in the apparent resistance of a coil than one 
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which Is somewhat roomier. The 

other important effect which the shield, has upon the tun- 
ing coil is to increase its distributed capacity. This mey be seen 
by reference to Fig. 21. Notice that small capacity effects exist 
between various parts of the coil and the surface of the shield. - 

PI' 

Fig.21 Showing -how the shield 
around ,a coil increases its dis- 
tributed capacity. 
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' These capacitances all tend tó increase the total distributed,cepeo- 
ity of the coil.. This effect is also greatest with close fitting 
shields. To minimize these two effects as much as possible, the 
shield container mast always be much larger than:the, coil which it 
-is shielding. 

Q 
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Fig.22rr' Syw1Do1,- for a shl`rldsd R.F., transtorwe'r: 
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Shielding is represented in schematic diagrams by dotted lines. 
- Thus, the dotted line enclosing the coil shown in Fig. 22 represents 

a shielded R.P. transformer. Instead of shielding the separate R.F. 
transformers, individual stage shields are sometimes employed. These 
are shown is Pit. 23. They consist of metal containers completely 
enclosing the ooponents of one stage., Notice,' however, that the 
plate coil of one stage is within the shield of the following stage 
so that there can be no feedback from this plate ooil to the grid 
Soil of the sams_stage. 

All shielding should be thoroughly grounded to the chassis and 
' the shield should not be used for the conducting path of the cathode 

or grid return circuits as this is apt to cane oscillations. 
Strip capacitive coupling can exist between two coils or two 

wires. If the plate and grid leads are placed clots to each other, 
it is possible that the capacity existing between the two is suffi- 
oiemt to -pause the transference of some energy from the plate cir- 
cuit to the grid circuit. In a like manner, it- is possible for 

.energy to be transferred -from one coil to another through the ea - 
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Fig.23'' illustrating the use of stage akie1'de. 

perity effect existing between them.' Shielding the coils elisin- 
ates the capacitive feedback as well as the magnetic feedback while ' 

care'in the arrangement of the grid and plate leads will make the 
= capacitive effect between them so small as to be negligible. In 

extreme oases, it is sometimes necessary to use shielded wire for` 
the grid lead.. This wire has, in addition to the ordinary insole 
tion anouter covering of metallic braid. This cuter covering is 
grounded to the chassis sad thus acts'to shield the lead frail ca- 
peoitive effects. Shields used to eliminate capacitive effects are 
called electrostatic shields. 

.- All electrostatic shieldssust be thoroughly' grounded. Other- 
wise, they become merely another plate of a capacity. Perfect eleo--, 
-trostatie shielding cannot be obtained unless individual shields 
are placed around 'each stage. 

How oonpling through a common impedance may produce regenera, 
- tion or oscillation may be seen by reference to Pig. 24. This 

lustration shows two T.R.F. stages securing their plate voltage - 

from the sane power supply.which is shown in block form in this. 
-diagrams. The power supply has an internal resistance as do all 
voltage sources. This resistance is. represented by R in the die- 
gram. It should be remembered that this resistor R is.not a sep- t 

srate resistance included in the circuit, but is merely the inter- _ 

sal resistance of the power supply shown 'separately in order to 
makethis explanation clearer._ r:. .. - 
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The plate current of VTº is a pulsating current varying at an 

R.F. rate. Its AC component in flowing through the internal-iaped- 
ence of the power supply produces an AC voltage drop with a waveform 
similar to B, Fig. 25. The. DC voltage output of the power supply is 
represented by A,' Fig. 25. The actual plate voltage applied to VT1 
is the voltage of the power supply sinus the alternating voltage 
produced across its internal resistance. This voltage is repre- 
sented by the diagram shown at C, Fig. 25.'.Since the plate voltage 
applied to VT1 is varying at an R.F. rate, the plate current of 
this tube will vary accordingly at an R.F. rate and will transfer 
energy .from L1 to Le. This energy is re -impressed upon the grid of'` 
VT: and. thus regeneration has been effected through the common in- 
pedance,in the plate circuit. 

Fig. 25 ( _ . 

(A) The DC'voltage output of the 
power supply lot the circuit shown 
in Fig. 24. - - - 

(B) The AC'voltage dropped icross' 
the Internal resistance of the 
power supply due to the varying! 
plate current flowing through. it. 

I .t 

(A) 

VllUl, 
'CB) 

(C) The actual voltage 'applied :. to the plates of the tubes due to i 
the combination of thole two volt- 
ages. 

. (C) r 

. 

. Since a power supply may -u be sed'. with- two' or more stages 
of T.R.F. amplification, -it is quite.easy to see how a very small 
amount of'eoupling between the final R.F. stage and the first R.F. 
stage would'producesufficieñt transference'of energy to cane os- 
cillations. " 

'The remedy for this condition is obvious. It is' the AC'com- 
ponent of the plate current' flowing through the power supply that 
produces this feedback. This at once suggests that a care may be 
effected by a filter circuit which would prevent this AC component 
from flowing through the power source. The same circuit with these' 
additional features to eliminate, oscillation from this cause is il- 
lustrated in Fig. 26. From the diagram it may be seen that the low- 
pass filter circuit consists of condenser Cs connected between the 
lower end of the plate coil and the cathode, and resistor Rs eon- 
nected between the lower end of the plate coil and B+. Because of 
this resistor and condenser, the variations in the plate current 
will not flow through - the power supply, but will be by-passed by 
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Fig.26 Showing Bow plate - 
filters are connected to 
prevent coupling through a . 

common impedance. 

the condenser Cs. Sometimes the resistor R3 is not used: Its pnr- - 

pose is to increase the impedance of the path through the power - 
supply to the AC component, thereby forcing:it to flow through the 

' reactance -of the condenser. Since it is never very large in value, 
it will have practically no effect upon the DC component. 

It should be noticed that'the elimination of this type of feed 
. back is produced by -a circuit exactly the same as that used to 

eliminate motorboating in resistance -coupled A.F. amplifiers. The 
components used serve exactly the same purpose. The condensers - 

-connected,between each voltage tap of the voltage divider and ground 
also aid in this filtering action. Each amplifier stage should 
have its own filter. 

The fourth cause' of. oscillations in R.F. amplifiers, feedback 
through the plate to grid capacitance of the vacuum tube, cannot 
be easily eliminated, but its effect can be neutralized. Before 

, 

' discussing the solution to this problem, let us see'how this ca- 
pacitive effect between the tube's electrodes is able to cause os- 
cillations. - - - 

Referring to- Fig: '27, we see the eleaents of á T.R.F. stage neo- , 

essary for this explanation. The condenser shown in dotted lines 
represents the capacity existing between the plate and grid of the 
vacuum tube. The voltage applied .to the grid circuit causes the , 
grid voltage to vary at an R.F. rate. This, in turn, prodúces a 
pulsating plate current which also varies at an. R.F. rate. When 
this plate current.flows through Li, it creates R.F. voltages across 

' it, represented by E in the diagram. These R.F. voltages across Ls 
cause an R.F. current to flów through the circuit as shown by the 

- double -headed arrows. This current flows, during one alternation, 

Fig.27 How coupling thróugh. 
''-the lnterelectrode capacity of 

t,hetube can occur. 
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from.the top'end of L2 to the plate and by capacitive effect to the 
arid, through the tuned circuit L1C1 and back to the bottom of Ls. 

. On the.succeeding alternation, it flows in the opposite direction. 
In flowing through the tuned circuit L1C1, it develops R.F. volt - 

i ages across the tuned circuit which,,in'turn, serve to-excite the 
grid and cause the plate current to vary through even wider ranges. 
If the amount of .energy transferred from'the plate to the grid cir- 
cuit by this method is sufficient to overcome all of the losses of 
the tuned circuit, sustained oscillations will be produced. 

One of.the very first methods used to prevent oscillations due 
to this cause was to insert a resistance'of several hundred ohms in 

¡.' the grid circuit -as shown in. Fig. 28. This is known as the losser 
method of eliminating oscillations due to feedback through the.in- 
terelectrode capacity of the tube. Its effect is this: the R.F.. 
currents fed back through the interelectrode capacity must, neces- 
sarily, flow through the resistance R and, in so doing, they di'ssi- 
,pate energy in. the resistor. By purposely introducing this - addi 
tional loss in -the circuit, we have created a condition. such that 
the energy fed back from the'plate to the grid circuit is iásuffi- 

i 'cient to produce sustained oscillations. The resister ordinarily 
has'a value of from 100 to 500 ohms. 

fig.28 illustrating the use of a 
'grid suppressor to elemiaate oscil- 
lations caused by feedback through 
the interelectrode capacity. This 
is the tosser method. 

This system of preventing oscillations is simple, yet in many 
way's it is objectionable. The resistor wastes power and its pres- 
ence creates some loss of the received signal. 

-A Much more satisfactory method of preventing oscillation is 
to feed back from the plate to the'grid circuit a current equal to 
but opposite in'phase to that fed throngh,the interelectrode capac- 
ity of the tube.- This method is known as neutralization. Before 
discussing this subject, we. shall first digress to take up the study 
of the Wheatstone Bridge upon -which neutralization is.based. 

13. THE WREATSTOHE BRIDGE The arrangement of four resistors 
as shown in Fig. 29 is called a Wheatstone'.Bridge. A battery of 
voltage E is, connected between two opposite points of the -bridge 
while voltmeter V is connected' between the two remaining points. 
Oneof the principle applications of the Wheatstone Bridge is for 
the measurement 'of resistance. flow this may be done will now be 
explained; It is assumed that resistors 111,-R, and Re are variable 
and are accurately calibrated. R4' -is the unknown resistor whose 

Named in honor of Sir Charles Wheatstone (1802-1875), an English physicist and 
oneof the pioneers of the_art,of telegraphy. 
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Fig.29 Diagram used to ex- 
plain the principle of. the 
Wheatstone Bridge. - 
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' - value is to be determined. The process consists of balancing the 
° bridge; that is, varying the values of the three known resistors un- til voltmeter V indicates zero voltage. When such is the case, the 

bridge is said to be balanced. 
, 

Let'us now develop the theory of this arrangement: If the volt- -° 
- meter indicates zero -voltage, it signifies that'thereis no paten- 

_ tial difference between the points X and T; they are at the same 
potential. When this is true,, the voltage drop between A and X, or __ 

_- - through resistor Rt, must be equal to the voltage drop between A 
- -, and Y, or through resistor Rs. - 

Let us assume that the total current flowing through the -bat- , 

" 'tery is represented by I, while that ,part of the current which flews _ 

through R1 and Rs shall be designated Is and the other part flowing 
° through Re, end R4 shall be Is. Using these designations, we may 

state that the voltage drop across Rt. is It x R1, and the voltage 
__;r drop across Re is I: x Res - 

- When the balance of the bridge has been attainedd,, these volt- 
ages are equal and the following is true:. - - - 

.,: IsxRt = I.xRe , -1';i(l) 
By a.siailar line of reasoning, it is.logical to conclude that - 

the voltage drop across resistor Re mast be equal -ta the voltage 
drop across Re when the bridge is balanced. This fact can be stated 

'.y. in the. form of an equation as follows: 

11;1,01- 
_ _ 

.L :,F . . jt..,x Rs = Is x R4 `t:, .. (2) 
_a 

til. 

One of the axioms' of -elementary algebra states that if equals - 

o`::, be divided by equals, the quotients..are equal. Let ná apply this 
,,axiom by dividing equation (1) b0! equation (2): 

; r1,7""!. 

'b_ : :..1 

An' axiom is definedas a self-evident ór necessary tluth. 

,..g..2. _ - 
, - 

' 
, 

i 
F - It x R1 = Is x Rs ' - - (1) 

It x R. = I'2x R.' ,-. 
_ 

I.' 
. 

(2) ' i 
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This way be written: 

izx,._ ºx1a 4 t' 
Is may- be cancelled in the numerator and denominator of the left -'r 
member of this equatioá wind the same is trúe of Is in the right 
member. It then becomes: 

(4) 

Or, this equation mey be stated as.3 proportion such as'. 
'Ri:R2 =.Re:R.: R4' is the unknown resistor whose value is to be 
found and, by a fundamental principle of proportion which staites 
that the product of the means when divided by one extreme gives :, 

- the other extreme, R4 may be found:. y 

(5) 
s - 

It is evident that the value of any resistor may be obtained 
by this method if three accurately calibrated variable resistors 
are available. The sensitivity of the device depends upon'the sen- 
sitivity of voltmeter -V, which sometimes is a very delicate gal's, 
=meter which requires an extremely small amount of current for a 
readable indication. In its commercial for,, the component parts 
of the W[eatstone Bridge are contained in a small box with dials 
for changing the values of the known resistors. 

While we are not going to use the, Wheatstone Bridge at this 
time for the measurement of resistance, it was considered to be of 
sufficient importance to be included. 

Remember that the- conditions necessáry for the balance of a 
Wheatstone- Bridge are given by equation (4). The four arms of the 
bridge need not all be resistors. It would be possible to replace 
Rs and.Rs with inductors, or two -of the arms of the bridge may be, 
condensers, or the four arms could be composed of two coils and 
two condensers. The conditions for balance remain:the same. Thus 
the bridge of Fig. 30'would be balanced when this proportion is troe. x 

F1a.p0 A Wheatstone BridgW .t 
composed of two inductors and .. ., 

two condensers. 

`*: .4 -. " 
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When this bridge is balanced; the' application of an alternating 
voltage between points A and B will not produce any voltage differ- 
ence between points X and Y. ,This is the fundamental principle of' 
the Wheatstone Bridge .and should be thoroughly understood. 

Fig.;t Showing how the.volt- 
age source and voltmeter may be 
interchanged without disturbing 
the balance of the bridge. , 

It may also be proved that when the bridge is balanced, the 
-'alternator and voltmeter may be reversed; that is, the application 
of the alternating voltage between points % and I will not produce 
a voltage'difference between points A and B. This is shown in Fig. 
11. Thus, the conditions necedsáry for balance MY also be stated 
as: 

(7) 

' Let us now investigate .how. the principle of the Wheatstone 
Bridge nay be used to neutralize an R.F. amplifier -and thus pre- 

' vent its oscillation. 

14. NEUTRALIZATION. Neutralization is used' in an effort to ' 

cancel the effect of the energy -fed from the 'plate to the grid cir- 
cuit through the plate to grid capacitance of the tube and thereby 
prevent the stage from oscillating. The idea is to feed back energy 
equal in magnitude but opposite in phase to that transferred through 
the tpbe and thus cause a.cancellation or neutralization of this 

.,- energy in the grid circuit. If perfect cancellation is obtained, 
the net effect of a 'voltage across the plate circuit upon the grid 
circuit will be zero. 

A T.R.F. amplifier,'stage using a method of neutralization in- 
vented by Hazeltine and known as the nentrodyne system is illustra- 
ted in Fig. 32. The plate coil is divided into two parts, La and Lb. 

'Y The plate voltage is supplied at their junction,. Ordinarily, Lb 
will,have considerably fewer turns than. La. Between the bottom of 
Lb (point X) and the grid of the tube, there is connected a small 
variable condenser en, which is the neutralizing condenser. In set 

-7, 

employing neutralizing circuits, this, condenser is placed so -t1-% 
its capacity may be varied try means of a screwdriver. It is 4407. 
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ofFnéuLralizetiontrodyne 
method 

Lb 

strutted in the same manner as trimmer condensers used for ali¢n- 
aent purposes., - 

Plate current flows from the plate through La to point Y; 

through the B battery and back to the cathode. Since it is a pul- 

sating direct current varying at a radio -frequency rate, it induces 

R.F. voltages across both coils La and Lb. That part of the volt- 

age across La forces an R.F. current through the interelectrode car 

pacity of the tube and through -the tuned circuit. 
The voltage across Lb forces an R.F. current through the néu- 

,- tralizing condenser, through the tuned -circuit and back to point Y. 

The voltage across La is 180°:out of phase with that across Lb. 

Thus, when the potential of the top end, of La is increasing in a 

positive direction, the potential of point X is. increasing in a 

negative direction. Likewise, then the top of La is becoming more 

negative, point X is growing more positive. Since the two voltages 

are 180° out of phase, the respective currents which they cause to 

flow through the tuned circuit L,C1 are ,also 180° out of phase. 

- This means -that the R.F. voltages produced across the tuned circuit 

LsCs due to the two R.F. currents will be 180° out of phase. If 

the two R.F. currents are exactly equal in value,then the two volt- 

ages produced across the tuned circuit will likewise be equal and 

since they are exactly out of phase, they will cancel and thus there 

will be no net R.F. voltage drop across L,C1 due to the voltage a- 

cross the plate circuit. Of course, there will'be a voltage across 
L,Cs due to the signal voltage induced from the preceding stage. 

:.' - Now let us consider this circuit when viewed as a Wheatstone 

Bridge. At first sight, it is hard. to realize that it is a bridge, 

.but by redrawing it as shown in Fig. 11 and carefully comparing this 

figure with Fig. 12, it is seen that such is the case.' La is one 

arm of the bridge and Lb a second arm.,, The', neutralizing condenser 

. 

. 

3. 
cgp 

E 
.- Fig.33 A circuit equivalent' to that 

of Fig. 32. redrawn to show the coapon--=== 
,. ,.ants of the bridge. - 

1 
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Cn-is the third arm and Cgp (the'plate-to grid capacitance) is the 
.fourth.- Point P is the plate and. point G is the grid. The B bat- 
tery has been omitted as it is not needed for the explanation. 

It has been stated that if a bridge is balanced, the applies- 
tion of a voltage between two diagonally -opposite points of the - 

bridge will not produce any voltage across the two remaining points. 
Thus, if the bridge in this figure is balanced, the R.F. voltage 
between points P and X will not produce any voltage drop between, 
points G and Y. Point G is the grid while point Y.may be consid- 
ered as the cathode or bottom end of the tuned circuit since the 
effect of the plate battery insofar as the R.F. voltages and cur- 
rents are concerned is negligible. In any event, it would probe-- 
bly be by-passed by a:large condenser whose reactance to RIF; would 
be very low. - 

" Let us again review this -action in a slightly different man- 
ner. During one alternation of R.F. voltage, point P is negative 
with respect to point X. Thus the -voltage between points P -and Y 
would force a current from point P through Cgp to point G, (the 
grid) down -through the'tuned circuit as shown by.the left-hand sr- 
,row to point Y and thus back to point P. 

At the same time, point X is positive with respect to point.! 
or point Y is negative with respect to point X, and an R.F. current 
will therefore flow from point Y upwards through the tuned circuit, 
as shown by the arrow on the right, to., the grid, from the grid 
through the neutralizing condenser Cn to point X and back through 
the coil Le to point Y. It may thus be seen that there are two 
currents flowing through the circuit L1C, in oppositedirections. As 
previously stated, these currents are 180° out of phase' and if they- ' 

are made equal in value, the effects which they.produce on the tuned 
circuit will exactly cancel each other. 

The condition necessary for balance in this circuit is: 

XCgp - XCn 

To find. the values of these reactadces, thefrejuency, of course,= 
_must be known. However, it_ may be shown 'that 'neútralization is 

B* 
Detector 

ae 
Amplifier 

B- 

Fig.3a A three -tube receiver employing the Neutrodyné method(gf_ 
neutralization. A separate winding isy placed on each R.F. rams - 
former to obtain the neutralizing voltage. 
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practically independent of frequency provided that the. mutual.in- 
duatance between coils La and'Lb remains practically constant as 
the frequency changes. 

The process of nentralization consists of:verying the capacity _ 
Cn until the circuit' no longer oscillates The exact details.of 
this' procedure will be fully described is a servicing lesson. 

Instead of dividing the plate coil into two parts as was done 
in Fig. 12, the neutralizing voltage is sometimes secured from a 
third coil as shown in Fig. 14. This diagram illustrates a two -stage 
T.R.F. amplifier using this method. The R.F. transformers have 1 
windings:.the plate coil, the secondary, which is. part of the 
tuned circuit of the succeeding, stage, and the neutralizing coil 
Ln. Ln mustbe'wound in such a direction that the voltage at the 
end of this coil connected to Cn is opposite in phase to the volt- 
age at the plate end of the. plate coil Lp. 

This circuit is really no different than_ the one first des-- 
cribed. The bottom end of Ln is grounded and the bottom end of Lp' 
is at ground' potential so far as- R.F. is concerned, since the con- 
densers C. and Ca have such low: reactances -to R.F. as to produce 
an R.F. short. Thus, in effect, the lower ends of Lp-and Ln are 
connected together as was the case in,Fig. 12. 

Fig.35 Reutrodyne-method 
in which the neutralizing 
volt;pe Is secured from the 
secondary of the R.F. trans- 
former. 

. 

In many.cam.ercial circuits, the neutrodyne-method of neutral- 
ization takes the form. shown in Fig. 15. In this. casethe neutral- 
izing voltage is secured from the tuned circuit of the succeeding' 
stage. The voltage across that part of the tuning coil between 
point X and ground (designated as Ls) constitutes the neutralizing. 
voltage. The primary and secondary must be wound in such directions 
as to make the voltage across L3 opposite in phase to that across 
La. ' 

When this circuit is redrawn in such'a aanneras to -wore clear-' 
ly indicate the components which form the aras of the Wheatstone 
Bridge, it appears as shown in Fig. 36. Thus the.voltage across L: 

Fig.36 A circuit eqúi'al'ent 
to that of -Fig: 35, redrawn to 
show. the components of the 

srsi bridge. 
. 
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forces an R.F. current -;through the interelectrode capacity through 

the tank circuit to ground; while the voltage across La, opposite 
in phase, forces an R.F. current through the tuned circuit'in the 

opposite direction, through the neutralizing condenser and back to 

Ls. The capacity of en is varied until the magnitude.of these two 

currents are equal, at which time the bridge is balanced and.the 

tuned circuit L2C1 _is not influenced by the voltage appearing.. across 

the plate coil L:. 

G 

neutralization. 
The 

ºice The neutraliz- 
ing voltage is obtained ,from 
the prid,c.rrcuit. , 

. A somewhat different method of neutralization is shown in Fig. 

' 37. In this circuit, the tuning coil is tapped at point Y and the 

tw9 parts of the coil are designated as La and Lb respectively. 

- Point Y is connected to the cathode of the tube. In order to sim- 

plify this end previous illustrations, the circuits used to obtain' 

grid bias have been omitted. The top end of La is connected to the 

;.-,, grid and it can be seen that the grid excitation is that voltage 

developed between the top of La and point Y. The bottom end of'Lb, 

º point X, is connected to a neutralizing condenser Cn; the othereid 

of Cn is joined to the plate of the vacuum tube.. 

y 
0 

Fig.38 A circuit equivalent 
to that of Fig. -37, redrawn to 
show the parts of She Wheatstone 
.Bridge. 

} i 
- The principle of. operation of "this' circuit may Pe seen from to 4 

inspection of 'Fig. 38, which illustrates the circuit redrawn to show 

- the four components of the Wheatstone Bridge. These components are . ` 
La, Lb, Can and Cn. When the bridge is balanced, the voltage across , 

the plate coil L2, which is applied between the points of the bridge . 

F 

- P and Y, will not produce any voltage across the two opposite points -" 

..-, 
,-, 

-. 

. r 

'. 

-G and X, which are the two ends of the tuned circuit. 

Another viewpoint is to consider that the R.F. voltage pro- 

duced across L: forces a current through the interelectrode calmo- .' 

ity to the grid through -La to point Y and back to L2. This R.F. ^ 

current in flowing through La produces, a voltage drop. In a like 

r , 



 

meaner, the voltage across L: forces another~ h II r R.F. current through 
the neutralizing capacity to point Y, through the coil Lb to point, 
Y and back to. Ls. This current produces an R.F. voltage drop across coil Ls. The voltage drop across La will be equal to that across "'-Le when the bridge is balanced and since they are opposite in phase, 
there will be no net voltage across the tuned circuit in which case 

.1 the' circuit is neutralized. 
All Q.F. amplifiers employing three -element tubes must be neu- 11 tralized. As will be explained in Lesson 25, most modern receivers 

do not require neutralization of the R.F. amplifier stages due to. ,' 
- the 'fact that screen -grid and R.F. pentode tubes are used. It might, 

then, stem that the study of neutralization is unnecessary; however, 
there are two good reasons why a, thorough knowledge of this subject í ? 

1 ' should be obtained by the student. First, it will probably be main+ .', _" _years before the last reoeiver which uses neutralization is dis-. 
carded. Second, neutralization must be used in every transmitter 1741- 

A, circuit since screen -grid tubes are not usually employed for high- - 
,F 17_ powered stages. 1.r:: J ' o s 
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DAVID GLASGOW FARRAGUT 
HE HAD NONE OF THE ADVANTAGES WHICH YOU ENJOY 

Born on a farm near Knoxville, Tennessee, July 5, 

1801, Young David encountered unusual hardships and dan- 
gers almost from the day of his birth. With his father 
away to the Indian wars, thelndians came to David's home 
and threatened to massacre the entire family, only to be 
driven away by a brave mother, who placed the lives of 
her children before her own safety. 

At the age cf seven, stark tragedy entered David's 
life. His mother died of yellow fever. He was adopted 
by Commodore Porter, bid his father farewell forever and 
was taken to Washington, where he spent a few months 'in 
school. Then, at the age cf nine and one-half years, he 
was made a midshipman, entering a new life, full of hard- 
ships, adventures and brave deeds. 

Today, we would be horrified at the thou.aht of a 

youth only nine years old being thrown into the maelstrom 
of life. Times have changed. New, a youth is expected 
to devote the first years of his manhood to securing 
an education which will make it possible for him to suc- 
cessfully wage the battle of life. Many marvelous advan- 
tages have been placed at his disposal. Amazing scien- 
tific inventions have resulted in the growth of huge in- 
dustries who are constantly seekina ambitious young men 
with the necessary training. Opportunity beckons on every 
side. 

Compare your own life with that. of Cavid Farragut. 
Think of the many tremendous advantages that you have. 
For example, it would have been impossible for David to 
secure training such as you are aettina from Midland. 
The postman brings you your study material at recular 
intervals. David Farragut had to fight desperately for 
every bit of knowledge that he eventually secured. All 

you need to succeed is ambition and determination. And 
we feel that you are well supplied with both, else you 
would not be enrolled as a Midland student. 

Keep your chin up, your shoulders back and march 
straight ahead to your success. Repeat the following 
sentence to yourself at frequent intervals, and you will 
be inspired to greater effort: 'If David Farragut could 
win success and fame in spite of hardships and danger, 
I, too, can win success, because everything is in my 
favor!' 

Copyright 1942 

By 

Midland Radio & Television 
Schools, Inc. PRINTED IN U.S.A. 

KANSAS CITY. MO. 



Lesson Twenty -Five 

SCREEN GRID 
and PENTOD;, 

TUBES 
"It is a far cry from 

the two -element tube used in 
the earlier radio receiver to 
the multi -element tube which 
helps make the modern radio receiv- 
er possible. 

"A knowledge of the construction and the electrical character- 
istics possessed by such tubes is of paramount importance to com- 
prehend the design of present-day radio sets. In this lesson, I 
will tell you of four and five -element tubes; then in Lesson '30, I 
shall describe the more advanced types." 

k 

1. CONSTRUCTION. Up to this time in our studies, we have 
bee dealing only with those tubes possessing three elements; that 
is, a filament or cathode, grid, and plate. As will be pointed out, 
a three -element tube has several disadvantages when used as an amp- 
lifier of high -frequency radio signals. As a detector, its low 
sensitivity retards its popular use. For A.F. amplification, a 

three -element tube is superior in some respects and inferior in 
others when compared to four and five -element tubes. 

Screen -grid tubes were introduced in commercial radio receivers 
around 1930. In a very short length of time, they supplanted three - 
element tubes entirely for K.F. amplification. By their use, a 
greater sensitivity and more selectivity is obtained with a given 
number of K.F. stages, in addition to the desirable feature that 
the amplifying stages need not be neutralized to prevent self -os- 
cillation. It is well that we investigate the constructional feat- 
ures of a screen -grid tube so that we may understand why it possesses 
these advantageous characteristics. 

The line drawing i Fig. 1 shows the internal construction of 
a type 24 screen -grid tube. 1 Starting with the innermost element, 
the heater wire (not shown) is connected to two of the prongs on 
the base of the tube. The cathode is a metal sleeve surrounding 
the heater wire and is coated with material of such chemical na- 
ture that it is capable of supplying an abundant number of electrons 

1 
This tube is the same in electrode structure and arrangement as the type 2u-a. 
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when its temperature is increased. Surrounding the cathode, we 

next have the control grid. In the -type 24 tube, the control grid 

winding consists of rather closely spaced 
turns and the entire wind- 

ing extends from the top to the bottom of the electron -emitting 

cathode. The bottom end of the control grid winding is not con- 

nected to any other element, being supported 
by means of a small, 

glass insulator. The top end of the winding is connected to the 

metal cap on the top of the tube. On Fig. 1, this metal cap is 

labeled "control grid connection". 

CONTROL GRID 
CONNECTION 

PLATE 
(SEMEN Two 

SCREEN GRIDS) 

SCREEN GRIDS 
(ONE INSIDE ANO 

ONE OUTSIDE OF 

KATE - ELECTRICALLY 
CONNECTED TOGETHER) 

Fig.1 The internal con- 
struction of en RCA type' 
24 tube. 

CATHODE 

(INSIDE OF 
CONTROL GRID) 

HEATER -NOT 
SNOWS- IS INSIDE 

OF CATHODE 

CONTROL GRID 
(SEMEN SCREEN 
"RIO AND CATHODE) 

Next in the electrode arrangement ís the inner screen grid, 

which surrounds the control grid. In Fig. 1 it is seen that the 

diameter of the inner screen -grid winding 
is greater than the diam- 

eter of the control grid Winding, this 
being necessary to separate 

the two elements and permit adequate mechanical 
support so that nor- 

mal vibration will not cause the two windings 
to touch. Also, the 

spacing between the control grid and 
the inner screen -grid windings 

is quite important insofar as the electrical characteristics 
of the 

tube are concerned. The screen grid is connected to a prong 
on the 

base of the tube. 
Surrounding the inside screen grid is the metallic plate. 

The 

plate is a little smaller in area than 
in most triodes and is lo- 

cated arrester distance from the cathode. 
This difference in mech- 

anical construction has quite an effect on the electrical charac- 

teristics of the tube. The plate of the tube is also connected 
to 

a prong on the base. 

Surrounding the plate we have the second 
portion of the screws 

grid. Due to its location, this second portion 
is often called the 

outer screen. The inner screen is an ordinary coil 
or winding, but 

the outer screen consists of a closely 
woven wire gauze. The outer 

screen is connected to the inner screen 
inside the tube; therefore, 
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any potential applied to the screen -grid prong on the base is siaul- 
taneously applied to both parts of the screen grid. 

The electrical characteristics of the screen -grid or-tetrodes- 
tube are affected to a greater extent by the inner screen grid, the 
outer screen being mainly for the purpose of shielding the plate of 
the tube from external inductive and capacitive fields.. A wire mesh 
is used foe the outer screen because theleat produced by the inside 
elements (heater and plate) is thus permitted to radiate freely: 
This is of particular importance in- tubes where .a considerable a- 
mount of heat is given out by the filament or heater wire. Also, 
the use of a mesh material is advantageous since it is pliable and 
can be readily formed into any,shape desired. A woven mesh is:not 
used for the control grid and inner screen -grid portions of the 
tetrode tube, because these two grids are comparatively small and 
mast be exceedingly accuratein diameter. If they were made with 
a wire mesh, it would be -necessary for them to have a very open 
weave, under. which condition the mechanical instability would prob- 
ably result iá unstable and inferior electrical. characteristics. 

ar- 
rangement a. 

.2 
Tin 

electrode 
tube. 

Plate 

Cathode 

Outer I 

Screen..,, 
Grid, 

Control Grid (Cap) 

ter N N 

Inner 
/ Screen Grid 

Fig. 2 again shows the electrode arrangement in a screen -grid 
tube. This is a view looking at the elements from the top of the 
tube. The heater wire is located in the exact center of the elect-' 
trode assembly, surrounded by the electron -emitting cathode. Next 
comes the control grid which, in turn, is surrounded by the inner 
screen. The solid metal plate is next; then the entire assembly 
is enclosed by the outer screen. Bear in mind that the inner and 
outer screengrids are connected together within the., tube and have 
only one prong on the base for external connection. 'Since the con- 
trol grid connection is made to the metal cap on the top of the tube, 
the prong on the base ordinarily used for the control grid is made 
the screen grid connection. 

. 2.- ®ARACTERIBTI(S OF A SID (MODE) TORE. Three 
outstanding characteristics are possessed by a screen -grid tube 
which account for its usefulness in R.F. amplifying circuits. Com- 
pared to a triode, these three characteristics are: 

1. .Lower control grid -to -plate 'interelectrode capacity. 
2. Higher amplification factor. 
I. Higher plate resistance. 

A tetrode tube means a Tour-element or screen -grid tube. All three terms ere' 
synonymous. 
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Control Grid Plate 

Fig.9 (A) Elements in a triode tube. 
(B) C1 indicates the capacity between plats and control grid:, 

A in Fig. lshows the electrode arrangement in'a conventional 
three -element tube. At B in 'this same figure, the capacity Ct rep- 
resents the interelectrode capacity between the, plate and grid ele- 
ments. In typical triodes, this grid -to -plate capacity' varies' from 
to 8 amfd. As discussed in the previous. lesson, a capacity of 

this value has a sufficiently low reactance at radio frequencies to 
permit an excessive feedback of energy from the plate to the -grid 
circuit when the tube is employed as an R.F. amplifier. Excessive 
feedback is quite disastrous, because the amplifying' stage is im- 
mediately forced into a state of self -oscillation. To correct this 
feedback in three -element tubes, it is necessary to use a neutral- 
izing circuit such as. discussed in Lesson 24. 

The drawing at A, Fig. 4, shows the electrode arrangement in 
a screen -grid or tetróde tube. For convenience, the outer screen 
is seldom shown in the tube symbol ón diagrams. -The drawing at B, 
Fig. 4, illustrates the interelectrode capacities existing between 
(1) plate'and screen grid and (2) screen grid and control grid. The 
distance between the plate and screen grid is generally much greater 
than the distance between the screen grid and the control grid. The 
small surface area exposed by the control'grid and screen grid ele- 
ments, in addition to the relatively wide separation, results in a 
low capacity between the plate and control grid elements. The ea= 
pacity between the plate and control grid is also reduced by the 
same reasoning that connecting condensers in series reduces their 
effective capacity. Isolation of the plate and control grid ele- 
ments in this manner helps to prevent the feedback .of energy from 
the plate circuit to the grid circuit when this inbe is used as an 
amplifier of R.F. voltages. By inspecting the manufacturer's char- 
acteristics for typical screen -grid tubes, it is founddthat the av- 
erage control grid to plate interelectrode capacity is approximately 
.007 mmfd. This extremely low capacitance is produced not only by 
the electrode arrangement within the tube, but also by proper oir- 

Control Grid screen Grid -, Plate 

K K 

(A) 

. . 

CiCe 

(B) 

,Figs (A) Fleosnts In a tetroae tube. 
(I) Cs and Cs represent the interelectrode capacity. 
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cuit design and effective shielding which shall be discussed. 
A typical R.F. amplifying stage, using a screen -grid tube is 

shown in Fig. 5. It will be noticed that the screen is maintained 
at a potential approximately one-half that of the plate vcltage and 
is by-passed to the cathode through the .1 mfd. condenser C. It is 
not always necessary to operate the screen -grid voltage at exactly 
one-half the plate voltage; however, upon consulting the manufac- 
turer's specifications for tetrode operation in R.F. amplifiers, it ' 

will be found that a screen -grid potential of over 9C volts is sel- 
dom recommended. The plate potential may be made as high as 250 
volts in most tetrode tubes. As to the relative voltages applied 
to the plate and screen grid, the values are not extremely critical 
so long as the effect of secondary emission is properly suppressed. 
A complete discussion on secondary emission and its effect on the 
operation of a tetrode will be thoroughly discussed in a later par- 
agraph of this lesson. 

Cap 

Fig.5 Typical screen- 
grid R.F. amplifier stage. 

Thé by-pass condenser from the screen grid to the cathode, shown 
in Fig. 5, is essential for proper operation when the tube is amp- 
lifying R.F. voltages. This condenser must be sufficiently large 
in capacity so that its reactance to the frequency being amplified 
is low enough to be negligible. The condenser maintains a DC poten- 
tial on the screen, but to R.F. voltages it affords such a low re- 
actance path that the screen grid is at practically the same poten- 
tial as the cathode. Since the cathode is effectively at R. F. ground 
potential, it follows that the screen grid is also at ground poten- 
tial with respect to R.F. voltages. The presence of this grounded 
screen in between the plate and control grid of the tube is extreme- 
ly effective in preventing ttie passage of feedback energy from the 
plate to the control grid. Without the by-pass condenser C. the in- 
terelectrode capacity between the plate and control grid will prob- 
ably tise to a value sufficiently high to permit a feedback of ener- 
gy from plate to control grid and cause the amplifying stage to 
break into a state of oscillation. 

Since the screen grid is operated at a positive DC potential 
with respect to the cathode, it attracts electrons from .he space 
charge. Also, from Fig. 1 it is seen that the screen is situated 
relatively close to the cathode; hence, the attraction exerted by 
the screen grid for the space charge electrons is largely responsi- 
ble for their initial movement through the control grid. The plate 
of the tube, being located far from the cathode, is not nearly so 
effective as the screen in producing an initial movement of electrons 
from the space charge. Due to the wide spacing between .he wires 
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composing the inner -screen grid, most of the electrons that are 

drawn to the screen do not strike its surface, but, rather, pass on 

through the open spaces toward the plate of the tube. 

After the screen grid has attracted the electrons from the 

space charge and caused them to pass through the control grid, the 

higher positive potential on the plate then exerts sufficient at- 

traction to pull them on to its surface. Without the aid of the 

'screen grid, it would be virtually impossible for the plate alone 

to attract the space -charge electrons. The screen grid then per- 

forms the very important function of causing the initial electron 

movement from the cathode toward the plate. Of course as these elec- 

trons are drawn through the control grid, any varying potential 

which may be applied to it will cause corresponding variations in 

the electron flow (plate current). Upon being attracted to the 

screen grid, a few of the electrons.may strike the wires composing 

the grid winding, but most of them are drawn on through the open 

spaces by the higher positive potential of the plate. 

A plate current flow is then set up ín the plate circuit of 

the tetrode and any varying voltages applied to the control grid 

will cause corresponding plate current changes. Also, a slight 

flow of screen -grid current takes place, due to the few electrons 

which strike the grid wires and, of course, the screen -grid current 

will vary in accordance with the control grid voltages. The plate 

current variations must pass through the load impedance in the plate 

circuit and, due to the reactance or resistance of this load, cor- 

responding voltages will be developed across the output circuit of 

the tube. The voltage amplification produced by the screen -grid 

tube will be equal to the ratio of the voltages developed across 
the plate load impedance to the input voltages applied to the con- 

trol grid circuit. 
The screen -grid current changes do not pass through a load im- 

pedance, but rather are returned directly to the cathode through 

the by-pass condenser. Therefore, the screen grid remains at a con- 

stant DC potential, regardless of the grid exciting voltage. It is 

due mostly to this constant potential on the screen that such a high 

plate impedance and high amplification factor are realized from the 

tetrode tube. 
With constant screen -grid potential, the voltage on the plate 

of a tetrode may be varied over a wide range without causing any ap- 

preciable change in the plate current. This is evidenced from the 

characteristic curves for a type 24-A tube as shown in Fig. 6. With 

a negative grid bias of -1 volts, from Fig. 6 it is ascertained that 

the plate voltage may vary from 100 to 500 volts without causing more 

than 1.5 ma. change in plate current. At lower grid -bias voltages 

the plate becomes slightly more effective in producing a plate cur- 

rent change. and with higher grid -bias voltage values, the plate is 

less effective. Even when a zero grid bias is used, it is seen from 

the characteristic curves that the plate current in a tetrode tube 

is practically independent of plate voltage variations. This means 

then, that the plate current is controlled almost entirely by the 

voltage variations applied to the control grid of the tube. It al- 

so signifies that the plate resistance of the tetrode is high in 

comparison to the plate resistance of a triode. As discussed in 
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Section 7 of Lesson 12, this characteristic of a vacuum tube is di- 
rectly dependent upon the ability of the plate to cause a change 
in plate current. 

It was also learned in Lesson 12 that the amplification factor 
of a vacuum tube depends upon the ratio cf the ability of the plate 
to the ability of the grid to cause a plate current change. In a 
tetrode tube, the plate is ineffective, whereas the grid exerts a 
pronounced ability to cause a plate current change due to the com- 
manding position which it occupies. 

In Fig. 1 it is seen that the control -grid winding is of small 
diameter; hence, it is directly in the midst of the space charge 

Type 24-A 
SCREEN -GRID RADIO - 

FREQUENCY AMPLIFIER 

The 24-A is a screen -grid amplifier 
tube of the heater -cathode type for use 
primarily as a radio -frequency amplifier in 
a -c receivers. The 24-A may also be used 
as a screen -grid detector or audio amplifier. 

`00 10a. vlCr 

CHARACTERISTICS 
HEATER VOLTAGE (A. C. or 0. C.) 2.5 Volts 
HEATER CURRENT 1 .75 Amperes 
PLATE VOLTAGE' 180 250 Volts 
SCREEN VOLTAGE (Maximum) 90 90 Volts 
GRID VOLTAGE -3 -3 Volts 
PLATE CURRENT 4 4 Milliamperes 
SCREEN CURRENT (Maximum) 1.7 1.7 Milliamperes 
PLATE RESISTANCE 0.4 0.6 Megohm 
AMPLIFICATION FACTOR 400 630 
MUTUAL CONDUCTANCE 1000 1050 Micromhos 
GRID -PLATE CAPACITANCE (Wi:h shield -can). 0.007 max. µµf 
INPUT CAPACITANCE 5.3 ,:µf 
OUTPUT CAPACITANCE 10.5 µµf 

AVERAGE PLATE CHARACTERISTICS 

TTK 24-A 
[ II.[.f wala 

_ a[M[p. s0. aa0 

la - 
f0 

-, 

c aa 

IT 

as aa0 lA0 
[a ATt wale 

¿S0 fü 0 

Fiq.6 Plate voltage-plate current curves for a type 24-A tube. 
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surrounding the cathode. Also, the turns on the control -grid wind- 
ing are spaced closely, thus providing it with an effective control 
on the plate current. These constructional features result in an 
amplification factor for the tetrode tube of about 400. Wheñ com- 
pared to the value of 5 to 15 for a triode, this is seen to be par- 
ticularly advantageous. 

Even though the amplification factor of a screen -grid tube is 
around 40 times as great as that possessed by a typical triode, it 
should be understood that an actual voltage amplification of 400 
is not possible in practical circuit applications. This is due 
to plate circuit load limitations and the instability associated 
with high -gain amplifying stages. Even so, the total voltage ampli- 
fication obtained from a tetrode is high in comparison with that 
secured from a triode; at least sufficient to warrant. its use when- 
ever possible. 

3. SUPER -CONTROL TUBES. Tetrode tubes with a control -grid 
structure as shown in Fig. 1 are called "conventional" tubes. In 
a conventional tube, the control grid consists of a small coil of 
wire of uniform diameter and with uniform spacing between its turns. 
For convenience, a conventional grid is illustrated at A, Fig. 7. 

OUTER 
HREN 

(A) (B) 

PLATE 

Fig.7 (A) Conventional grid. The spacing between the turna is 
uniform. 

(8) Super-control grid. The spacing is close at the ends 
and open toward the center. 

In a grid winding of this kind, every portion of it has an equal 
effect or control on the flow of electrons through its open spaces 
when placed around the electron -emitting cathode. The grid voltage - 
plate current characteristic curve fora tube of this type is shown 
by curve A in Fig. 8. It is observed that the Eg-Ip characteristic 
is practically a straight line, having only a very small curved por- 
tion at the lower end. From Fig. 8, when the grid of this tube is 
made approximately 9 volts negative with respect to the cathode, the 
plate current flow is cut off entirely. Tubes of this type are es- 
'pecially well adapted for use as grid -bias detectors, wherein they 
give excellent rectification and possess a high sensitivity. ' 

In contract with the characteristics of a uniformly spaced grid, 
curve B in Fig. 8 represents the Eg-Ip characteristic of a super - 
control grid. It will be noticed that at low values of negative 
grid bias, the characteristic of the super -control tube is similar 
to that of the conventional tube. As the grid is made increasingly 
negative; however, the plate current is not decreased as rapidly 
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and the plate current cutoff point is very remote, requiring approx- 
imately 44 volts negative potential to completely stop the plate 
current flow. The grid winding for a super -control tube is shown 
at B, Fig. 7. The turns are closely spaced at the two ends, then 
gradually taper toward the more open spaces at the center of the 
winding. This non -symmetrical method of winding the grid turns 
produces the "super -control" characteristics. On a tube of this 
kind, it is possible to vary the amplification factor and the trans - 
conductance by changing the grid -bias voltage. 

Referring to Fig. 9, the small arrows to the right of the wind- 
ing represent the passage of electrons through the spaces between 
the grid turns. At A, the conditions are illustrated when the grid. 
bias is at a low value, such as -9 volts. When at this potential, 
the electron flow is through the entire grid winding, so thesuper- 
control grid has practically the same effect in controlling the 
electron flow as a conventional grid. 

Sketch B in Fig. 9 shows the portion of the control grid through 
which electrons are permitted to pass when the grid -bias potential 
is made 8 volts negative. It will be noticed that electrons are no 
longer permitted to pass through the closely spaced tarns at the two 
extreme ends of the winding. This isdue to the strong negative 
fields established at these points. Since the turn spacing tapers 
toward the center, the negative field established around the more 
widely spaced turns is not sufficient to completely stop the pas- 
sage of electrons. Reference to Fig. 8 shows that in a screen -grid 
tube with a conventionally wound grid (uniformly spaced), the plate 
current is cut off entirely at -9 volts. In the super -control tube, 
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however, at this value of negative grid potential, the effect on the 
operation of the tube is that a smaller portion of the grid winding 
is now being used. Of course, when a decreased grid area is eaployed, 
the varying potentials applied to the control grid will not be as 
effective in causing plate current changes as before. This reduces 
the transconductance and amplification factor of the tube. 

= Mws 
NNW NSW .. WW 

Wfle 
WE/ 
110 . .,. . MM. 

W.. 
Woo a 

wur 

(A) (B) (C) 

-3 Volts -8 Volts -20 Volts 
Grid Bias Grid Bias Grid Bias 

-80 Volts 
Grid Bias 

Fig.9 Drawing to show how the useful portion of the control grid 
is reduced as the negative grid bias is Increased on the super-con- 
trol tube. 

At C, Fig. 9, the grid is made 20 volts negative with respect 
.to the cathode. Now, the negative field established around the grid 
winding is sufficient to prevent the passage of electrons to the 
plate except near the center of the winding. It is only in this 
vicinity that the turns are spaced widely enough that the repulsion 
against the electrons is insufficient to block their passage. Since 
such a small portion of the entire grid winding is now being used, 
the transconductance and amplification factor of the tube have been 
reduced considerably, but it is still possible fora varying signal 
voltage applied to the grid to produce plate current changes and a 
little amplification. 

Sketch D in Fig. 9 shows that at -40 volts grid potential, the 
repulsion against electrons in the space charge is sufficient to 
prevent their passage except 'at the exact center of the winding. 
The wide spacing between the two turns as the exact center permits 
a few electrons to pass; however, when in this condition, the plate 
current is extremely low, the transconductance is reduced to a very 
low value and the amplification produced is practically zero. 

The desirable feature of a super -control tube is that the trans - 
conductance and amplification factor of the tube may be varied by 
changing the negative bias applied to the grid. Ina typical super - 
control tube such as the type 35, the transconductance may be de- 
creased from 1020 icroahos at ; volts negative bias to 15 micro - 
mhos at 40 volts negative bias. This reduction is paralleled with 
a corresponding decrease in the amplification factor as the nega- 
tive grid bias is increased. Due to the long and smooth curvature 
of the super -control Eg-Ip characteristic, there is no appreciable 
distortion produced when the tube is used as an amplifier and oper- 
ated at a fairly high value of negative grid bias. If a small por- 
tion of the long, smooth curve is selected, it will be found fairly 
straight over a small distance tokither side of the point selected, 
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so it will give linear amplification when weak R.F. voltages are ap- 
plied to the control grid. When the negative grid bias is increased 
on a conventional screen -grid tube, the curved portion is so abrupt 
that the tube will perform as a rectifier or detector rather than 
as a distortionless amplifier. 

Since the Mu and Sm of a super -control screen -grid tube are de- 
creased when the negative grid bias is increased, this is an excel- 
lent method of controlling volume on receivers incorporating tubes 
of this type. Volume control circuits applicable to these tubes 
will be discussed in the following lesson. 

In modern receivers, super -control R.F. amplifying tubes are 
used extensively because the function of automatic volume control 
circuits is based on the variable -mu feature. 

4. CROSS -MODULATION AND MODULATION DISTORTION. Two kinds of 
signal distortion which may occur in the R.F. stages of a receiver 
are known as "cross -modulation" and 'modulation distortion". Super - 
control tubes are particularly effective in reducing both of these. 

Modulation distortion is generally produced in the last R.F. 
amplifying stage; that is, the stage preceding the detector. It 
means a distortion of the modulated carrier wave which appears as 
A.F. distortion in the output of the detector. This is produced by 
an R.F. amplifying stage when the tube is operated near or on the 
curved portion of its characteristic and excited with a strong grid 
signal. Due to the sharp Eg-Ip cutoff of a conventional screen -grid 
tube, even though it may be operated at the negative grid bias spec- 
ified by the manufacturer, after the signal has been amplified through 
all of the preceding stages of R.F. amplification, upon reaching 
the final R.F. amplifier, the grid voltage excitation may be strong 
enough to cause the plate current variations to decrease into the 
curved portion. Distorted amplification results and the waveform 
of the modulated R.F. signal is changed; hence, it is termed "modu- 
lation distortion". 

If a super -control tube is used as the last R.F. amplifier, 
the strong grid signal voltages may be handled quite efficiently, 
even at high values of negative grid bias without producing modu- 
lation distortion. This is due to the long and smooth curvature 
in the Eg-Ip characteristic. 

Cross -modulation generally occurs in the first R.F. amplifying 
stage of a receiver. It is defined as the effect produced in a 
radiq receiver by an interfering station riding through on the car- 
rier of the station to which the receiver is tuned. The interfering 
station actually combines with the carrier wave of the desired sig- 
nal and both are heard in the output, regardless of the receiver's 
over-all selectivity. Cress -modulation is particularly noticeable 
when a receiver is operated close to a powerful broadcasting sta- 
tion. Even though the receiver may not be tuned near the local sta- 
tion, there will be sufficient energy picked up in the antenna to 
produce a signal voltage equal to or greater than the carrier to 
which the receiver is tuned on the grid of the first R.F. amplifier. 
Understand that this is not a problem of selectivity, because the 
first tuned circuit (if one is used) is not expected to prevent the 
passage of a strong local signal. The application of this strong 
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local signal to the grid of the first R.F. amplifier, in addition 

to the weaker signal to which the receiver is tuned, results in com- 

posite plate current variations corresponding to both stations. 

The local station may be of sufficient strength to cause detection 

of its signal to occur in the first R.F. amplifier (with a conven- 

tional tube) and resultant A.F. currents are set up in the plate 

circuit. These A.F. currents, representing the modulation on the 

carrier of the local station, will, in turn, cross -modulate them- 

selves on the carrier of the weaker signal (to which the receiver 

is tuned) and "ride" through the remaining tuned circuits to the 

detector. The selectivity of all the tuned circuits following the 

first R.F. amplifier will nqt be effective in preventing the cross - 

modulation because the carrier of the station to which the receiver's 

tuned circuits are adjusted is now being varied in amplitude not 

only by its own modulation, but also by the modulation on the strong 

local signal. 
Satisfactory methods for preventing cross -modulation consist 

of (1) employing a trap circuit (wave trap) in series with the an- 

tenna lead to reduce the strength of the local signal, (2) by use 

of a pre -selector unit, or (3) to incorporate a super -control tube 

as the first R.F. amplifier. When a super -control tribe is used, 

the long curvature of its Eg-Ip characteristic will not permit de= 

tection to occur regardless of the strength of the local signal; 

therefore, the A.F. currents representing the modulation of the lo- 

cal station cannot be produced in the plate circuit and cannot be 

cross -modulated onto the carrier of the desired signal. 

5. APPLICATIONS OF SCREEN -GRID TUBES. 
(A) The Screen-Grtd Tube as an R.F. Amplifier. The screen - 

grid or tetrode tube finds its most extensive application in the 

amplification of high -frequency radio signals. In this respect it 

can be employed in atypical T.R.F. amplifier and is capable of pro- 
ducing a high gain in voltage per stage in addition to eliminating 
the necessity for neutralization. Atypical two -stage, T.R.F. amp- 

lifier employing screen -grid tubes is shown in Fig. 10. The grid 

circuit of each R.F. amplifying stage is tuned with a resonant cir- 
cuit to provide the necessary selectivity. The two tuning conden- 
sers are shown ganged so as to permit adjustment of the resonant 
circuits to the desired frequency by using only one control. 

Transformer coupling is used in Fig. 10 for transferring the 

Ganged Tuning Condensers 
I- 

9+ 180V 

Fig.10 Typical two -stage transformer -coupled R.F. amplifier. 
using tetrode tubes. 
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amplified output of the first screen -grid tube to the grid circuit 
of the second stage. The primary winding 'of the R.F. transformer 
serves as the plate load impedance. The screen -grid voltage is se- 

cured from B+ through the dropping resistance R. By-pass condenser 
C serves to place the screen grid at R.F. ground potential. The 
size of the dropping resistance R should be such as to produce a 

potential difference between the cathode and screen grid of approx- 
imately 90 volts. The size of the series dropping resistance can 
be calculated by dividing the screen -grid current into the voltage 

drop desired. Let us assume that a90 -volt drop is necessary across 
R to reduce the screen voltage to one-half that of the plate volt- 

age. Consulting the manufacturer's characteristics on a type 24-A 
tube, we find the screen current to be 1.7 ma. Upon dividing the 

1.7 ma. into the 90 -volt drop desired, it is found that the size of 

resistance R should be in the neighborhood of 50,000 ohms. A simi- 
lar calculation can be carried out if a different voltage drop is 

desired or if the screen -grid current is more or less than 1.7 ma. 
The size of the by-pass condenser C is ordinarily .1 mfd. since a 

capacity of this value has an extremely low reactance to high radio 

frequencies. 
The voltage amplification produced by a vacuum tube depends 

upon the amplification factor, the plate resistance and the plate 
load resistance. A formula by which the actual voltage amplifica- 

tion may be calculated is given in Section 13 of Lesson 12. 
As given, the formula is: 

V.A. = + x R 
RL + Rp 

µ is the amplification factor 
Where: RL is the load resistance 

Rp is the plate resistance 

From the formula it can be seen that the higher the amplifica- 
tion factor, the .higher the load resistance, and the smaller the 

plate resistance of the tube, the greater the voltage amplification. 
Previous discussion of the screen -grid tube has shown that the amp- 
lification factor is high, but the plate resistance is a_so of high 
value. Hence, to obtain a high voltage amplification from a screen - 

grid tube, it is necessary to employ aplate load resistance in the 
neighborhood of 500,000 to 1,000,000 ohms. For R.F. amplification, 
a load impedance of this value is not practical, because it would 
force a considerable portion of the high -frequency signal energy in 
the plate circuit through the plate -to -screen -grid capacity of the 
tube and thus be lost. Nor is it possible to obtain an impedance 
of 1,000,000 ohms with the primary of an R.F. transformer. For 

these reasons, the actual load impedance on a screen -grid R.F. amp- 

lifier is somewhat less than that value necessary to produce ex- 
tremely high voltage amplification. The primary winding, however, 
is designed to present as much load impedance to the plate circuit 
of the high -impedance tetrode as possible without causing excessive 
feedback into the grid circuit through inductive and capacitive coup- 
ling. Ordinarily, R.F. transformers are designed to produce a volt - 
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age amplification of 25 to 50 times per stage. In comparison with 
triode R.F. amplifiers, this amplification is very satisfactory since 
it is rather impractical to secure a voltage amplification of more 
than 5 times when using a triode.' 

Fig.11 Tetrode R.F. 
amplifier stage wherein 
the screen voltage is 
secured by the voltage 
divider resistances R1 
end Rp. 

An alternative means of securing the screen -grid voltage is 
shown in Fig. 11. The usual series dropping resistor is employed 
with the screen by-passed to the cathode. In addition, a second 
resistance Reis connected from the screen grid to ground. R2 serves 
as a "bleeder" resistance and assists in maintaining the screen 
voltage constant at the desired value. Ordinarily, a value from 
10,000 to 25,000 ohms is selected for R2. To calculate the proper 
size for R1, it is necessary to consider that both the bleeder cur- 
rent through R2 and the screen current pass through it. 

Ganged Tuning Condensers 

7 

Fig.12 Impedance- 
coupled tetrode R.F. amplifier'. 

Another method of coupling screen -grid R.F. amplifiers is shown 
in Fig. 12. This is known as the "impedance -coupled" method and em- 
ploys an R.F. choke as the load impedance in the plate circuit. The 
blocking condenser C prevents the high DC plate voltage from being 
applied to the grid and the resonant circuits L1C1 and L,C5 provide 
the necessary selectivity. The use of a properly designed R.F. choke 
instead of a transformer primary as the plate load impedance gives 
a higher voltage amplification per stage. The impedance of the choke 
cannot be made excessively high due to the shunting effect of the 
plate -to -screen -grid -capacity which would cause a considerable por- 
tion of the plate circuit signal energy to be by-passed to ground. 
The choke must have a low distributed capacity to assure best re- 
sults. Particular care must be exercised in the shielding of all 
leads, the tuning inductances in the resonant circuit and the tubes 
themselves, when this method of coupling is used. Adequate selec- 
tivity is secured because the resonant circuits present a high im- 
pedance at the resonant frequency, but at off -resonant frequencies, 
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the_low impedance of the parallel tuned circuits places the grids 
at practically ground potential. Thus, grid excitation is secured 
only at the resonant frequency of the tuned circuit. 

(B) the Screen -Grid. tube as an I.P. Amplifier. As we shall 
learn in Lesson 27; a superheterodyne receiver incorporates a fixed - 
frequency amplifier which amplifies radio signals at a rather low 
radio frequency. This low radio -frequency amplifier is commonly 
known as an I.F. (intermediate frequency) amplifier. In all modern 
superheterodynes, 4 or 5 -element tubes are used in this amplifier. 
Triode tubes are not practical, becauseit is necessary.to neutral- 
ize them and the gain per stage is low. 

When amplifying at low radio frequencies, such as 175 kc., the 
feedback from the plate to the grid circuit through stray capacitive 
and inductive channels is not nearly so apt to occur. Also, the 
reactance of the tube capacities is much greater and less energy 
will be transferred through the elelents. With the feedback problem 
of lesser consequence, it is possible to obtain a greater voltage 
amplification per stage without causing oscillations in the ampli- 
fier. This is done by inserting a higher load impedance in the 

Y Va 
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circuitjper.anentlywtundptoI175 
amplifier with grid and plate 

plate circuit of each stage. A parallel tuned circuit has a very 
high impedance at the resonant frequency and low impedance at off - 
resonant frequencies. Hence, if the plate and grid circuit of each 
amplifying stage is permanently tuned to the same frequency (for. 

example, 175 kc.) as shown in Fig. 11, then that frequency will be 
amplified whereas other frequencies will not. Parallel resonant 
circuit L,C: supplies the'plate load for tube Ve and L4C4'supplies 
the.load for V:. By proper -design of'these resonant circuits, the 
load impedance in each plate circuit may be made several hundred 
thousand ohms, thus making it possible to realize a voltage ampli- 
fication through each stage of from 150 to 200 times. Careful 
shielding mast be employed throughout when a gain per stage of this 

.value is obtained to prevent the circuit from breaking into estate 
of oscillation. 

These amplifiers are called I.F. amplifiers, because they amp- 
lify frequencies that are intermediate between audio frequencies and 
ordinary radio frequencies. The upper limit of the A.F. range is 
approximately 20 kc., and the lower frequencies in the broadcast 
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range are around 500 kc., so those frequencies lying between are 

called "intermediate frequencies". Such amplifiers are always in- 

corporated in superheterodyne receivers and their primary purpose 

is to obtain as high a voltage amplification per stage as possible. 

(C) The Screen -Grid Tube as an A.P. Amplifter. The screen - 

grid tube can successfully be employed as an amplifier of weak A.F. 

voltages such as those from the output of a'microphone, triode de- 

tector, or phonograph pickup. A.F. voltages greater than about 2 

volts cannot be amplified properly by an ordinary screen -grid tube 

without distortion. 

.25 mfd. .25 mfd. 

Fig.14 Typical Circuit 
connections and values for 

8+ 250V a tetrode A.F. amplifier 
stage. 

A typical A.F. amplifying stage is shown in Fig. 14. Resis- 

tance coupling is used because this is the best practical method 

of securing the high value of plate load impedance necessary to ob- 

tain linear amplification at audio frequencies. It was learned in 

Lesson 19 that when amplifying A.F. voltages, it is essential for 

the plate load impedance to be equal to at least the plate resis- 

tance of the tube so as to establish a linear Eg-Ip dynamic charac- 

teristic. In Fig. 14, the load impedance (Rs) in the plate circuit 

is 500,000 ohms, which, when compared to the plate resistance of 

the tube (from 250,000 to 400,000 ohms), will be sufficiently high 

to establish a linear dynamic Eg-Ip characteristic and obtain dis- 

tortionless amplification. The 100,000 -ohm resistance R4 and the 

1 mfd. condenser C4 provide a decoupling or filter arronaement in 

the plate circuit to prevent motorboating. R5 reduces the screen 

voltage from the high potential used for plate supply. Rs is very 

high in value, this being necessary so as to reduce the screen volt- 

age to a value less than 50 volts. Should the screen voltage be 

higher than this, the plate current drawn through the 600,000 ohms 

in the plate circuit will cause so much voltage drop that the ac- 

tual plate voltage as measured from plate to cathode will be too 

low. The plate current in a screen -grid A.F. amplifier should not 

exceed a few tenths of a milliampere so the screen voltage must be 

fairly low. Grid bias developed across the cathode biasing resis- 

tor by this low plate current will also be low; hence, the signal 

input voltage to the grid circuit cannot be very high. If a high 

grid bias is used, the operating point moves down into the curved 

portion of the Eg-Ip characteristic in a tetrode A.F. amplifier. 

The over-all amplification will be in the neighborhood of 75 to 100 

times. This surpasses the ability of any triode amplifying tube. 
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The amplified output of a screen -grid A.F. stage_should not be fed 
into a succeeding. screen -grid A.F._ amplifier unless. the original 
signal fed to the first stage was extremely weak. Ordinarily in 
circuits of this kind, a triode amplifier is used to follow the 
screen -grid A.F. eiplifier. 

' (D) the Screen -Grid rube as a Grid Btas Detector. Conven- 
tional type screen -grid tubes are well adapted for grid -bias de- 
tector operation. The sharp plate current cutoff wakes it possible 
to secure excellent rectification and a high A.F. output. The A.F. 
voltage output secured. from a properly operated screen -grid bias 
detector is much greater than that possible from a triode bias de- 
tector, asstoting the sameeodulated R.F. input signal voltage. 

To operate.a screen -grid tube as a bias detector; it is neces- 
sary to provide the plate circuit with sufficient- lead. impedance so 
that the A.F. output will not suffer extreme distortion. Generally 
a .25 megohm to .5 megohm resistor is recomended as the plate load. 
Fig., 15 shows the circuit connections for a typical screen -grid, 
grid -bias detector circuit. Thesize of the cathode biasing resis- 
tor Rs is considerably higher than the value necessary to work the 
same tube as an A.F. amplifier,. because it must be operated on the 
curved portion of its Eg-Ip characteristic. Manufacturer's recom- 
mendations specify that the grid -bias voltage should be. adjusted 
until only a few tenths of a milliampere of plate current is flow- 
ing when no input. modulated R.F. signal is applied. The by-pass 
oogdenser C, must be sufficiently high in capacity so as not to de- 
generate the lower A.F. notes. 

In -Fig. 15, the. resistor Rs serves to drop the voltage from 
250 to approximately 50 or 55 volts for the screen. The bleeder 
'resistance R., connected from screen grid to ground, assists in 
reducing the voltage to. this value and also maintains the screen 
voltage constant so as to insure good stability of operation. 

It is not practical to use a super -control screen -grid tube as 
a bias detector. If the grid bias on a super -control tube is in- 
creaseduntil it iá operating with low plate current, then the trans - 
conductance and amplification factor are so low that it is impossi- 
ble to. secure much A.F. voltage from its output. When operated at 
a low negative grid bias, the smooth curvature of the'Eg-Ip charac- 
teristic will not permit rectification; hence, the signal will only 
be amplified and not detected. 

RF filter .25 mfd. 

i1F output 

Re 
1 Meg. 

FIg.15 Typical circuit connections and values for a screen- 
grid, grid-bias detector. 
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When a screen -grid tube is used as a grid -bias detector, it is 
ordinarily followed by a triode audio -amplifying stage, or the A.F. 
output is fed directly to the grid circuit of a pentode power tube 
which, in turn, drives the loudspeaker. The A.F. output of a screen - 
grid detector is generally too strong for the grid circuit of a 
screen -grid A.F. amplifier, so for additional A.F. amplification, 
triode tubes are used. 

The plate circuit of a tetrode bias detector is nearly always 
loaded with a resistor instead of a transformer primary. The load 
impedance must be high to match the plate resistance of the tube. 
For a transformer primary to have 500,000 ohms impedance would nec- 
essitate several thousand turns on an iron core; therefore, it would 
probably possess a high distributed capacity which, in turn, causes 
frequency distortion. Then, too, if the primary is wound with so 
many turns, to obtain a step-up in voltage to the secondary circuit, 
it would be necessary to wind two or three times as many turns on 
'the secondary winding. Such a transformer would be physically im- 
practical because of its size as well as unsatisfactory in elec- 
trical characteristics, due to its high distributed capacity. 

Even though coupling transformers are not generally used with 
screen -grid detectors, some receivers have an iron -core choke as 
the plate load impedance. The A.F. output is then capacity coup- 
led into the grid circuit on the first A.F. amplifier. These im- 
pedance chokes are designed especially for loading a screen -grid 
detector tube and may be used in receivers where the frequency re- 
sponse is not of paramount importance. They are wound with extreme- 
ly small wire, ordinarily having a maximum current -carrying capaci- 
ty of 8 ma. Ina typical detector plate choke, when .5 ma. of cur- 
rent passes through the winding, the inductance is approximately 
1,000 henries. An impedance -coupled screen -grid detector circuit 
is shown- in Fig. 16. 

R.F. Filter 

$ á S.F. 

ei 

Nigh Inductance 
Plate Choke 

FIg.16 Screen-grid detector using a high-inductance choke for 
the Plate load. 

6. SECONDARY EMISSION. Very early in your course of training, 
you were told of three ways by which an electron emission could be 
obtained from a body.' One of these was "bombardment of a body by 
rapidly moving ions, electrons, or atoms". This is commonly known 
as "secondary emission". 

The phenomenon of secondary emission has a decided effect ón 

lesson 7. Section 3.' 
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Fig:17 Tetrode amplifier'stage to Illustrate how the instan- 
taneous plate voltage 'swings' and falls. below the screen volt- 
age. Secondary emission then prohibits proper operation, so an 
excessive plate swing must be avoided. 

. 

the operation of a tetrode tube when the plate potential, is allowed 
to fall near or less . than -the.' potential of the screen grid. In Fig. 
17, .a tetrode amplifying stage is shown using a resistive plate 
load of 100,000 ohms and operated with a plate voltage '« 180 volts 
and screen voltage of 90 volts. The.high supply voltage is used 
for the purpose of explanation; it does not represent typical oper- 
ating conditions.. The normal screen current of 2.ma. passing through 
Rs produces a voltage drop of 590 volts, which reduces the -.screen 
voltage to 90 volts.as read, on meter -V,. This screw current does 
not change during operation because the by-pass condienser'C returns 
all variations directly to the -cathode. Now, in the plate circuit 
the'normal current of 5 ma. passesthrongh RL and produces a drop 
of 500 volts, allowing 180 volts to .remain for plate potential as 
reed on peter V1. 

With the bias voltage at -1 volts, letus proceed to learn how 
the_plate voltage varies (swings) when, an input signal is applied. 
On the positive alternation of the grid -signal, the grid potential 
is wade -11volt and -the plate current'rises to 6 ma.. As 6 ma. flows 
through RL, the voltage drop produced is 600 volts, which reduces 
the instantaneous platepotential to80 volts. /ottce that this is 
10 volts below the screen -grid voltoEe. On the negative alternation 
ofthe grid signal,- the grid potential is made. -5 volts, the plate 
current drops to 4'ma. and the voltage across Ri. falls to 400volts. 
At this instant, the actual plate voltage becomes 680- 400.or 280 
volts. Phis is 100 volts higher than normal.. The table on the right 
of Fig.. 17 tabulates'these instantaneous conditions. 

The point to be stressed is that the applied grid signal pro- 
duces,plate current changes and as the current changes occur through 
the plate load impedance, the instantaneous plate -voltage varies 
over a wide range. Fig. 18 illustrates the variations of Ep in the 
example.just given.. The total change is from 180 -up to 280, then 
down to 80 and back to 180 for one cycle of grid excitation: ,This 
is called the:"plate swing".' Notice from Fig. 18 that the instan - 

F lg. 18 Graph to show PI to Voltage Swing 

'plate-swing'.The plate Ep f (Variation) 
potential is below the 
screen potential through- 
out the shaded port ion '180 
marked X. 

o 
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taneous plate voltage actually falls below the screen voltage over 
the shaded region marked X. It is during this time that excessive 
distortion is produced in a screen -grid tube by the phenomenon of 

secondary emission. The minimum Ep reached during the plate swing 
should not be permitted to fall to this low value. Obviously, the 

amplitude of the plate swing depends on the amplitude of the Ip 

changes and the value of the plate load resistance. In Fig. 17, the 

RL consists of a pure resistance; however, it could just as well be 

an inductance, in which case the plate swing occurs due to the cur- 

rent changes through the inductive reactance. The greater the plate 
swing, the higher the voltage amplification. Since we are interest- 

ed in obtaining as much undistorted voltage amplification as pos- 
sible, let us see why the plate swing must be maintained within lim- 
its in a screen -grid tube. 

Secondary emission occurs in all vacuum tubes when the rapidly 
moving electrons strike the plate. The electrons being attracted 
toward the plate from the cathode are accelerated to a very high 

velocity. They possess kinetic energy and, upon striking the plate 
material, cause not only the production of heat, but also the emis- 
sion of additional electrons from the plate material. Those elec- 
trons attracted from the cathode to the plate are commonly known 

as "primary electrons", and those which have been knocked from the 

plate material are called "secondary electrons". It is possible 
for a single primary electron to cause the emission of several sec- 

ondary electrons from the plate, depending on the plate material, 
the speed of the electron, and the temperature of the plate. In a 

triode vacuum tube, the secondary electrons emitted from the plate 
are attracted back to the plate and thus cause no detrimental effect 
on the operation of the tube. In a four -element tube (screen -grid), 

entirely different conditions exist. 
The primary electrons are attracted from the space charge sur- 

rounding the cathode by the positive potential applied to the screen 
grid. Upon reaching the vicinity of the screen and finding no ap- 
preciable surface area, the primary electrons are attracted on through 
the screen -grid winding to the plate of the tube by its higher posi- 
tive potential. Since the plate consists of a solid metallic body, 
the electrons strike it and cause the emission of secondary electrons. 
Even though the secondary electrons are not emitted from the plate 
at a tremendous velocity, it is quite possible that they will fly 
out from the plate sufficiently far to come into the field of at- 
traction surrounding the positive screen grid. This will occur if 
the plate potential is equal to or less than the screen potential. 
In the event that this does happen, the secondary electrons emitted 
from the plate will constitute a steady electron flow to the screen 

grid which materially affects the tube's operation. Here we have 
a current flowing from the plate of the tube, whereas according to 
all fundamental theory, the current flow should be from the cathode 
to the plate. When in this condition, it is impossible for the tube 
to perform as a voltage amplifier because all of the tube's charac- 
teristics are very unstable. Secondary emission also lowers the 
plate current and limits the permissible plate swing. 

When the plate potential is increased above that of the screen 
grid, the secondary electrons emitted from the plate will be attrac- 
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Secondary Secondary 
Electrons Electrons 

119 + Plate Plate 

IPrimary (A) screen (B) , 

Electrons... Triode Prisary Tetrooa. 
- Electrons , - 

' Fig.i9 ((A) Illustrating that the secondary electronsreturn to, 
the plate in a triode. 

(8) Due to the positive voltage on screen grid, the sec- ondary electrons will De attracted to it unless the plate voltage 
is higher than the screen voltage. 

ted back to -,it and therefore will not be permitted to reach the 
screen grid.. The higher the plate potential relative to the screen- 
grid voltage, the less possibility there is for secondary- electrons 
to reach the screen grid. When the plate is at least twice the po- 
tential of the screen grid, only a very, very few secondary -emitted 
electrons pass to the screen, and proper operation of the tetrode as 
a voltage amplifier is thus assured.. Increasing the plate potential 
to three to four tines the screen voltage gives further assurance 
that correct operation will be maintained. Since plate potentials 
of greater than 250 volts are not practical, the screen grid is gen- 
erally operated at a value. somewhat., Usti than 100 volts, Bear in 
mind that the screen -grid 'potential determines to a great extent the 

1 

emplifipation factor and plate resistance. of the tube, ,so it must' 
not be reduced too low. 

Drawings A and B in Fig. 19 illustrate the phenomenon of sec- 
ondary emission in a triode and in a tetrode, respectively... No harm 
results in a. triode because the secondary electrons return to the 
plate. When the plate potential is maintained higher than the screen 
potential in a tetrode, it, too, will amplify properly. 

Increasing the plate voltage to a value above the screen 'volt- 
age is one method of preventing the detrimental effects of second- 
ary emission and placing an extra element called the "suppressor grid" 
between the screen grid and plate is another method. The addition 
of this; fifth element forms 'a pentode tube. 

~AMC ILATt CNANI1CT[nlsTn:s 
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rig.,20 Plate voltage-pikte current characteristic'curveafor a 
type 35 aupar -control R.F. amplifier. 

21 



Referring to Fig. 20, the Ep-Ip characteristic curves for a 
type 15 super -control screen -grid tube are shown. It will be noted 
that the plate voltage values less than 90 volts are marked."un- 
stable". The notation in the upper left-hand corner of the graph 
states that the screen voltage is held constant at 90 volts; hence, 
all the plate current values at plate voltages less than 90 volts 
are rather uncertain and represent conditions unsuitable for ampli- 
fication. These peculiar characteristics. are caused entirely by 
secondary emission. After the plate potential is increased beyond 
100 volts (the screen voltage remaining at 90), the plate current 
assumes a steady and stable relationship with the plate voltage and 
proper voltage amplification will be secured from the tube. These 
conditions also exist in a type 24-A screen -grid tube as shown on 
page 7. 

7. R.F. PENTODE AMPLIFIERS. The greater voltage amplification 
secured from a tetrode in comparison to a triode is due to the ad- 
dition of the screen grid. When an attempt is made to place the 
screen at a higher positive potential, the primary electrons from 
the cathode are speeded up to the extent that excessive secondary 
emission occurs. It is desirable to place the screen at a high po- 
tential in order to more thoroughly isolate the plate voltage from 
causing plate current changes and also to give the control grid more 
freedom in controlling the electron stream. If it were possible to 
place the screen and plate at the same potential without the detri- 
mental effects of secondary emission, a much greater voltage ampli- 
fication would be possible from the tetrode tube. 

The introduction of a fifth element, situated between the screen 
grid and plate, effectively reduces the secondary emission and makes 
it possible to realize the maximum benefits from the screen grid. 

Fig.2i (A) Photograph of type 57 
triple -grid R.F. amplifier. 
(B) sottom view of tub base. 

(A) (B) 

M.Yttt p V 
01T Yaw 

This fifth element is called the "suppressor grid" and, in most of 
the R.F. pentode (five -element) amplifiers, the suppressor grid is 
connected to a prong on the base of the tube. Thus, an R.F. pentode 
has six prongs on the base in addition to the control grid cap on 
the top of the tube. A common triple -grid pentode R.F. amplifier' 
is .the type 57 tube. A photograph of this tube is shown at A, Fig. 
21, with a drawing to show a bottom view of the tube base at B. On 

the 'tube base, it will be noted that two prongs (the larger ones) 
are used by the heater; then, progressing in a clockwise direction 
around the base of the tube, prongs are provided for the plate, 
screen grid, suppressor grid and cathode. The control grid conrieo- 
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tion is to. the metal top cap. 
The suppressor grid in a pentode tube is so-called because of 

its effect on secondary emission. Its ability to regard or suppress 
the secondary emitted electrons and force them to return to the plate 
is responsible for its name. In practical operation, the suppressor 
grid is nearly always connected directly to the cathode of the tube; 
hence, it will be at a high negative potential with respect to the 
Plate. Since the cathode is at R.F. ground potential, the suppres- 
sor grid is likewise, so the suppressor provides a grounded shield 
between the plate and screen grid. Since the suppressor grid is at 
.the same potential as the cathode, it has practically no effect on 
the primary electrons that are passing from the cathode to the plate, 
but due to its high negative potential with respect to the plate,. 
the secondary electrons are repelled and return to the plate rather 
than passing on through to the screen grid. 

Gc Gs Gsu 

Primary 
Electrons pc ondary 

ectrons 
K - Cathode 
Gc - Control Grid 
Gs - Screen Grid 
Gsu - Suppressor Grid 
P - Plate 

Fig.22 Electrode arrangement in a pentode tube. 

Fig..22 shows more definitely the electrode arrangement in the 
R.F. pentode tube. The primary electrons emitted from the cathode 
pass through the control grid, due to the attraction exerted by 
the positive potential on the screen grid, then are pulled on 
through the screen grid and suppressor grid to the plate. Upon 
striking the plate, the primary electrons cause the emission of 
secondary electrons. As these secondary electrons fly out from the 
plate, they immediately encounter the suppressor grid which is at 
a high negative potential with respect to the plate. Thus, they 
are forced to return to the plate and are not permitted to pass 
through to the screen grid. For this reason, the screen grid may 
be operated at a high positive potential without any detrimental ef- 
fect caused by secondary emission. 

Upon inspecting the 'operating characteristics of pentode R.F. 
amplifiers, it is found that when a low plate voltage is used, such 
as 100 volts, the screen voltage should be at the same potential as 
the plate. However, with higher plate potentials, such as 250 volts, 
the screen voltage should not be increased over 125 volts. With 
these operating voltages, the amplification factor of the tube in- 
creases to values from three to five times as great as that possible 
from an ordinary screen -grid tube and the transconductance also at- 
tains higher values. The plate resistance of the pentode tube is, 
of course, greater than that of the screen grid; however, when used 
for R.F. amplification, the higher value of plate resistance does 
not present any insurmountable difficulties. To properly load the 
plate circuits of these high -impedance tubes when they are used as 
R.F. amplifiers, specially designed R.F. transformers are nearly 
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always employed. These transformers have an exceptionally high im- 
pedance primary winding which is not placed in.induetive relationship 
with the secondary, but rather is wound on assail wooden dowel and 
set at right angles to it. The R.F. voltages developed across the 
primary are then coupled into the secondary circuit by a single loop 
of wire extending from the primary and encircling the top of the 
secondary winding. This single loop around'the secondary' winding 
forms sufficient capacity between the top of the primary and the 
grid end of the secondary to properly transfer the plate circuit en- 
ergy.into the grid circuit of the succeeding stage. On wiring dia- 
grams, a transformer of this kind is often indicated as shown in 
Fig. 23. 

Single Loop of Wire 
Around Secondary Coil 

HigPrineierynce 

Fig.23 Symbol sometimes 
used on wiring diagrams to 
indicate the high-imped- 
ance primary used as the 
plate load for a pentode 
R.F. amplifier. 

Considering the highervoltage gain acquired with pentode tubes, 
it is necessary to observe extreme precaution in the shielding 
throughout the entire R.F. amplifying circuit. Even though it is 
virtually impossible for sufficient R.F. to feed. back through the 
interelectrode capacities from plate to control grid and cause os- 
cillations, it is quite probable that stray magnetic and capacity 
coupling will cause oscillations to be established.. Shielding, 
proper placement of the parts and careful wiring are all important 
points to take into consideration. On receivers incorporating these 
tubes, it will be found that care has been taken to shield all tubes, 
transformers and other parts of the R.F. system which might be af- 
fected. 

The type 57 pentode tube was mentioned as a typical triple -grid 
R.F. amplifier. This tube has a conventional control grid; thus, 
its sharp plate current cutoff makes it very desirable for use as 
a grid -bias detector. The type 58 tube is the companion tube to 
the type 57, being similar in all respects except that it has a 
super -control grid. The type 58 tube is more widely used as an R.F. 
amplifier than the type 57 because its super -control feature pre- 
vents the possibility of cross -modulation when used as the first 
R.F. amplifier and modulation distortion when it is used in the 
last R.F. stage. The type 58, however, cannot be used as a grid - 
bias detector because of the remote plate current cutoff. A table 
of its characteristics is shown on the following page. 

Other popular triple -grid R.F. amplifiers Which should be in- 
spected'by the student are the types 77 and 78, both of. which are 
similar to the 57 and 58 with the exception of the heater voltage. 
The types 6C6 and 6E6 are also companion tubes; the 6E6 has the su- 
per -control grid and the 6C6 has a conventional grid. These two 
túbes are similar to the 77 and 78 except that more careful shield - 
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ing "óf . the internal elements -has ' been provided which makes 'them' 
adaptable for use in all -wave receivers. ' 

' 

In 'the metal -tube line, the te 6J7 and the type 617 are both 
triple -grid R.F.- amplifiers, the 6J7 having a conventional grid and 
the '6L7 a super-donttlól. Additional tubes, :similar in -design 'to 
those mentioned; are'available from various manufacturers with dif- 
ferent type number designations. The complete tube chart provided 
at the end of this lesson should be'consulted for this information. 

+ 77: ' 't w -^r - V n -a°1 f. i^ {c 7 ig. 
b y'rr..: > .z z Type.58 .I . .rt - , + .:.., 
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8. CALCULATING -'NE BIASING RESISTOR POR TENONS AND PENTODES. 
The chart on page 7 gives the manufacturer's characteristics for 
a type 24-A screen -grid R.F. amplifier: A circuit "diagram:showing 
this -tube in s conventional R.F. amplifying circuit is' shown in 
Pig. 24. Meters. M1, M: and Ms are connected so -as to measure the 
plate current;tscreen current and total (cathode) current, respeo- 
tively.- Prom the table of characteristics, it is found that with 
a plate voltage of 180 volts.:and-'a:screen voltage of -90 volts, the 
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plate current will be 4 ma. and the screen current 1.7 a. Thus, 
the total cathode current as measured on meter Ms will be 5.7 ma. 
According to the manufacturer's specifications, the grid bias volt- 
age should be -3 volts. To calculate the size necessary for the 
grid -bias resistor R1, it is necessary to divide the .0057 amperes 
total current into the '3 volts negative bias desired. This gives 526 
ohms. This exact value is rather impractical, so a biasing resis- 
tor from 500 to 550 ohms will be found satisfactory. 

This example is given because quite often when calculating the 
size of the biasing resistance for .screen-grid or pentode tubes, 
there is 'a tendency to consider only the plate current and neg- 
lect the fact that the screen current must also pass through the 
biasing resistor. 

58 58 
Vi Vº 

Volume Control 

250V 

Vi Vº Total 

10 8.2 8.2 
Ri= 117W 

Iso 2 
1 f 2. 1 1. 

Re= 

.18951= 

= to:000 tr 
1 total 

I 10.1 I 10.2 1 20.1 

Fig.25 Two-stage R.F. amplifier using pentode super-control tubes. 

Fig. 25 shows a typical two - stage transformer - coupled R.F. 
amplifier, employing type 58 triple -grid, super -control tubes. In 
this diagram, the screen grid of V1 is tied to the screen grid 
of Vº, then the common dropping resistance Rs serves to reduce the 
screen voltage to the proper value for both tubes. Individual by- 
pass condensers CI and C, are employed to prevent possible circuit 
instability. Likewise, the bottoms of the transformer primaries 
are tied together, then connected to common B+ on the power supply 
of 250 volts. Condenser C4 is connected from the bottom of the pri- 
mary for V, to ground 93 85 to prevent a feedback of R.F. energy in- 
to the plate circuit of Vi.' 

To secure the grid bias voltage for V; and Vº,the two cathodes 
are connected together and the plate current and screen current for 
both tubes pass through resistors Ri and Rº. Condenser Cs serves to 
by-pass both resistors, thus assuring a steady bits voltage. Resis- 
tance RI is a small resistor, used for the purpose of maintaining 
a minimum bias voltage of -1 volts on the grids when the volume con- 
trol R, is set for maximum volume. A type 58 tube requires a grid 
bias voltage of -1 volts for maximum Mu and Sm. If only the rheo- 
stat Rº were used to secure the grid bias, when turned completely 
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to the right, the bias on each grid would be zero, with the plate 
current and screen current dangerously high. To calculate the size 
necessary for R1 to maintain a minimum bias of -`i volts, we must find 
the sum of the screen current and the plate current drawn by both 
tubes because all this current will pass through R1. Consulting 
the characteristics, with 250 volts plate voltage and 100 volts 
screen voltage, the plate current on each tube is found to be 8.2 
ma. and the screen current 2 ma. Thus the total current flowing 
through the cathode circuit (at minimum bias) in V, is 10.2 ma. and 

likewise the total current passing through V, under the same condi- 
tions is 10.2 ma. The sum of these two currents, that is, 20.4 ma. 
passes through R1. To calculate the size of R,, .0204 amperes must 
be divided into the ; volts negative bias desired. This gives a 

value of 147 ohms; hence, a resistor of 150 ohms would be the cor- 
rect size to use, since 147 ohms is not a practical value. 

The amplification factor and transconductance of a super -control 
tube are reduced when the negative grid bias is increased. Thus, 
increasing the negative grid bias of these tubes is a very conven- 
ient, effective and distortionless method of controlling the volume 
of the receiver. Resistance R: serves this purpose. When the mov- 
able arm on R, is adjusted to the extreme right, then the only bias 
voltage on the grids of Vs and V: is the volts developed across 
Rs. Under these conditions, the amplification factor and transcon- 
ductance of each tube are maximum and the volume likewise maximum. 
Moving the arm on R: to the left increases the size of the biasing 
resistor, thus establishing a higher negative voltage on -the grids 
of both V1 and V:. The amplification factor and transconductance 
Of each tube .is reduced accordingly and when the grid bias is at 
-40 volts, the transconductance has been reduced to 10 micromhos. 
The amplification factor, naturally, has been reduced to a corres- 
pondingly low value; hence, the voltage gain through the two R.F. 
stages is practically zero and the volume of the receiver at a min- 
imum. 

In calculating the size of R:, we mast take into consideration 
the fact that as the negative grid bias is increased, the plate cur- 
rent and screen current of each tube will decrease. We cannot as- 
sume that 20.4 ma. of total plate and screen current will be passing 
through R: when it is set for maximum value. Instead, it is' quite 
probable that the total current will be reduced to a value in the 
neighborhood of 4 ma. Using this value and dividing it (changed to 
amperes) into the 40 volts negative bias desired, we find that the 
approximate size for R: is 10,000 ohms. 

The method just outlined for controlling the volume on a re- 
ceiver employing super -control R.F. amplifying tubes is not prac- 

tical for use on a receiver which uses tubes of the conventional 
type. Increasing the negative grid bias on conventional tubes to 
a value in the neighborhood of.10 volts cuts the plate current off 
entirely; hence, the volume cannot be smoothly controlled without 
distortion. Instead, on tubes of this type, the screen -grid volt- 
age is generally varied to obtain a control of the volume. A more 
complete description on various methods of controlling volume will 
be discussed in Lesson 26. 
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9. ClARACTERISTICS OF RECEIVING 'TUBES. Even though the les- 
sons -studied so far have not discussed in detail the construction 
and characteristics of all types of tubes which can be used in radio 
receivers, we feel that it is advisable to list the characteristics 
of the popular receiver tubes that are currently available. The 
student should inspect the following pages very carefully end be- 
come familiar with the various types of tubes. 

These characteristics will be found of excellent reference value 
in all of the student's future work on radio receiver theory and ra- 
dio servicing. The list is complete to the early part of 1937. 

This entire list of tube characteristics and the following gen- 
eral information is reprinted in this lesson through the courtesy 
of P. R. Mallory & Co., Inc. We are indebted to P..R. Mallory 
& Co. for granting this privilege and for making such a complete list 
of tube characteristics available to the students of Midland Tele- 
vision, Inc. The pages are reprinted from the Mallory-Yaxley Radio 
Service Encyclopedia, apublicationofthe P. R. Mallory & Co., Inc. 
The Radio Service Encyclopedia is a 216 -page reference and general 
information manual that will be found ihdispensable to anyone engaged 
in the radio servicing industry. 

Radio Tube Characteristics 
NUMBERING SYSTEM.. The application of type designations to va- 

cuum tubes was a haphazard process until the Radio Manufahturers 
Association set up a committee of engineers from the radio tube in- 
dustry to handle the numbering of tubes and associated problems con- 
nected with the new types. From this committee came the present 
numbering system of: a numeral to indicate approximate filament 
or heater operating voltage; a letter to show the function of the 
tube; and a numeral to indicate the number of elements. Thus the 
25Z5 tells by its first numeral group that the filament or heater 
operates at approximately 25 volts, by the letter Z that the tube 
is a rectifier and by the final numeral that the tube has five con- 
nected elements; that is, two plates, two cathodes and one common 
heater. Glass tubes designed to be interchangeable with the all - 
metal types can be subdivided into two general classifications. First 
of these is the "G" classification (or group) in which the tubes are 
glass, -but are equipped with the octal base first introduced on metal 
tubes. These "G" tubes, except for the base, appear to be exactly 
like certain of the conventional glass tubes and indeed they are. 
For example, type 6K7G is a 78 with an octal base, and type 6A8G is 
type 6A7 with an octal base. When fitted with a "glove" shield, 
these tubes are practically interchangeable with the all -metal 6K7 
and 6A8 types. The second group includes the "metal -glass" tubes. 
These MG tubes are the conventional glass types which correspond in 
characteristics to the all -metal tubes, but they are equipped with 
the octal -type base and are covered with a close -fitting sleeve cover 
of shield metal. In general they are designated with the same num- 
ber used for the all -metal tubes followed by the suffix MG. In re- 
ceivers of modern design, the MG tubes, like those in the G class- 
ification, can be substituted for all -metal tubes with small realign- 
ment or adjustments. . 
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DOLLARS, CENTS, AND LIFE 
SUCCESS IS NOT MEASURED IN DOLLARS ALONE. 

You have set out in the earnest quest of knowledge 
and practical experience which will enable you to earn a 

substantial living. You have recognized the necessity 
of preparing yourself for the kind of work which you will 
enjoy. That is one of the reasons why you have cast your 
lot with the Radio industry. 

Naturally, you want to make money, for without it, 

you cannot hope to care for your loved ones. But there 
are several very important factors of which you must not 
lose sight In your quest for. success factors which 
are equally as important as dollars and cents. 

As you progress through life and rub shoulders with 
a world of realities, you will appreciate more and more 
the true value of unselfishness, consideration for oth- 
ers, conscientious service., and above all, honesty. 

You must learn to consider the problems of your 
fellow men, just as you expect them to consider yours. 
You must be considerate of them just as you want them to 
be considerate of you. Tolerance, a winning smile, and 
a cheery disposition will briny you many true friends. 
And without friends, life at its best will be drab and 
monotonous. You expect your employer to be conscientious 
in his attitude toward you. Therefore, you must render 
conscientious service in return for the pay checks you 
receive. You expect those with whom you have business 
dealings to be fair and honest with you. So it is only 
proper that you, too, be fair and honest with others. 
In other words, never expect more than you give. 

It's nice to have people say good things about you. 
It's comforting to know that your employer has complete 
confidence in you. So in your quest of money and suc- 
cess, take care to win the kind of success that will in- 
clude every factor we have mentioned above) 

Copyright 1942 
By 
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Lesson Twenty -Six 

METHODS of 
VOLUME 
and TONE 
CONTROL 

"Haven't you often wondered 
why various musical instruments . '.q 

sound differently? There is a very in- 
teresting reason for this and I am going to tell you of it in the 
first part of this lesson. I also point out the relation between 
musical notes and electric currents in an A.F. amplifier. 

"A treatise on volume and tone controls constitutes the lat- 
ter portion of this lesson. You all know of their importance in 
the design of a radio receiver and I'm sure you will be much con- 
cerned regarding their construction and theory of operation." 

1. SOUND. Sound is the production of waves in an elastic med- 
ium caused by a vibrating body. By the term "elastic" is meant a 
substance which will contract when a pressure is applied to it and 
will expand when the pressure is released. The most familiar elas- 
tic substance, and the material in which most sound waves are cre- 
ated, is air. The vibrating body may be a pair of vocal cards used 
in speaking; astring used in the piano harp and violin; a reed used 
in the clarinet, French horn, trumpet, etc.; a column of air used 
in the flute, piccolo and pipe organ; or the cone of a loudspeaker 
used to reproduce a radio program. 

The actual production of sound waves by a vibrating body is 
illustrated in Fig. 1. At the top of the figure is shown a loud- 

speaker cone at rest. The small black dots represent a number of 
air molecules surrounding the cone. At B, the cone has moved to 
the left and in so doing has pushed molecule 1 ahead of it toward 

2; then 2 in turn pushes 1, and 1 pushes 4. The molecules in front 

of the cone are closer together than they were before the cone 

started moving and therefore the air immediately in front of the 

cone has been compressed. At the same time, molecules 5, 6, 7, and 

8 have rushed in to fill the space left behind the cone when it 

moved forward. Since these molecules are farther apart than before, 

the air behind the cone has expanded or become less compressed than 

normal. They constitute what is known as rarefaction. 
If the cone were left in this position, the compression wave 

. 

F 

.:; . 1.:: 

1 



formed in front would travel outward at the velocity of sound (1130 
feet per second at 68°'F.). Each molecule would move forward,. strike 
the one in front of it and, having transferred its energy, would 
then stop. Likewise, the rarefaction wave formed at the rear of 
the cone would alive to the right at the velocity of -sound. Each 
molecule would aove to the left to close up the space between. it 

A//c./i Mo.w Nor". 

(A) 
Ahr///MW ..y,1. , ?^/r.A. M...../ 

u3a b é (B) 

~mod i.,.l, Am -m...4. Am....."M (M - 

/ (C) 
Arr./ C. R ywca. ca.r1. /11.~4. *I M D (D) 

cry. Ile A.y....sa e 
c..,. ew 

Di h ~ 
(E) 

t.yt A.7...~ c...y.7. .º.y...sa.. 
eew> 

i.-#11r y c .i .wd ( F ) 

SOUND Vi+v[s Pkooucto 9r V814nr04G Co'E 

Fig.i illustrating the 
production of sound waves 
by the vibration of a loud 
speaker cone. 

and its neighbor. Those molecules some distance away fro. the.cone 
have not, as yet, moved; but as the cópression and' rarefaction 
waves expand outward from the cone, they also will be influenced. 
Although the waves travel relatively great distances, the molecules 
themselves move through very short paths. 

The cone now moves back to its position of rest, and in its 
movement compresses the air .oleoules in back of it, and decompres- 
ses those in front. This is shown at C in the figure. Thus a com- 
pression wave is formed at its right and a rarefaction wave at its 
left. In moving back it does not stop at its rest position, but 
continues to travel to the right until it reaches the point shown 
at.!) in the figure. By this time the compression and rarefaction 
waves have reached their maximum; that is, the molecules to the 
right are as close together, and those at the left as far apart as 
they will become. From its maximum position to the right, the cone 
moves back to its rest position and then continues its to and fro 
motion,, producing compression and rarefaction waves which travel 
onward until they reach our eardrums. Upoli striking the eardrum, 
the co.pression'waves cause it to move inward, while the rarefaction 
waves produce an outward motion-. if .the eardrum is caused -to vi- 
brate at a rate.of at least lb times a second, the brain -perceives 
the disturbance as sound. The same principle' is involved whether 
the vibrating body is a -string of a violin or the lips of a whistler. 

2. LOUDNESS. Whether a sound is perceived as loud or soft 
depends upon the amplitudes of vibration of the body creating the 
waves. If the cone in the preceding example moves only a short 

2 



distance from itsrest position, the actual air pressure of the 
compression waves is not much greater then normal atmospheric pres- 
sure, while the pressure of the rarefaction waves -is not much less 
than normal. Consequently, the eardrums do.lnot vibrate through 
very large paths, and the sºund is perceived as soft by the brain. 
If, on the other hand, the cone vibrates through relatively large 
amplitudes, the compression waves have a greater pressure and the 
rarefaction'wáves'a lesser. pressure. The eardrums vibrate through 
longer distances, and the sound appears loud. 

The actual pressure of any compression wave, even when the 
sound produced is deafening, is only very slightly greater than nor- 
mal. The same is true of the rarefaction waves; they, are only a 
little less than normal air pressure. Thus, the difference in pres- 
sure between a loud and a soft compression wave may be very great, 
yet the actual change relative to atmospheric pressure is very small. 

The same thing applies to the distances through which the cone 
moves. When reproducing avery loud sound, the cone moves a distance 
not exceeding three -eighths to one-half of an inch, probably 'less;. 
Ind a vibration amplitude of afew thousandths of an inch will produce 
an average speaker volume. 

3. PITCH. In addition to loudness or intensity, there are two 
other distinguishing properties which a sonnd may possess. The seo- 
ond of these is. its pitch. Whether a note appears high or low in 
pitch depends upon the frequency of vibration of the body creating 
it. If the frequency is low, for example 32 vibrations a second, 
the sound has -s pitch oorresponding to that produced when the lowest 
bass note is struck on a piano. When the vibration frequency is 
several thousand cycles per second, -the mote is similar to that 
created when the highest treble key is struck. Middle Cis produced 
by a body vibrating at a rate of 256 cycles per second. The low 
notes on a piano are generated by the vibration of long heavy wires,. 
while the high notes are set up by short wires very light in weight. 
The amount of tension on the wire also determines the pitch of the 
note it will produce. 

The pitch of the note created by a horn is varied by changing 
the length of -the vibrating air column; this is done by depressing 
stops, thus opening or closing holes at will. 

4. QUALITY OR TIMBRE. The third property of a sound is its 
quality or timbre. It is this property which enables us to dis- 
tinguish the difference between the sound of middle C played on a 
piano'and that produced by a violin. Both notes have the same fre- 
quency and may be of equal loudness, yet it is not difficult to 
determine which is which. Before we can intelligently discuss this 
subject, -we must inquire into the generation of harmonics or over- 
tones. 

When the string corresponding to middle C on the piano is 
struck,it vibrates 256 times a second. In addition. to vibrating 
as a whole, -it is found that each half of the string is executing 
separdte vibrations, and that their frequency is twice as great or 
512 times per second. Fig. .2 shows a string vibrating as a whole, 
while Fig. 3 illustrates one in which each half is'vibrating. The 
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combined effect of both is shown in Fig. 4. Each third or each 
fourth of the string may produce its separate vibration, and the 
frequencies of the sounds created are respectively three and tour 
times the original 256 cycles. 

..... i 
-.... i 

---.' ..., ..... 
,........ ' 

Fig.2 A string vibrating as a whole. 

Although the string is creating several frequencies, its pitch 
is still considered to be 256 cycles. The pitch of the sound pro- 
duced by any vibrating body is determined by the lowest frequency 
that it will set up, or that created when it is vibrating as a whole. 
This frequency is called the fundamental. The other frequencies 
are known as harmonics or overtones. The term "harmonic" is used 

Fig.3 A string in which each half is producing separate vibrations. 

by the radio engineer, while the word "overtone" is a part of the 
musician's parlance. 

That frequency which is twice as great as the fundamental is 
called the second harmonic, and those which are three and four 
times as great are respectively called the third and fourth harmon- 
ics. The ratio of any harmonic frequency to its fundamental is a 

Figs A string vibrating asa whole 
and by halves. In this case the fun- 
damental and second harmonic would be 
heard. 

whole number. Thus, it is not possible for a body to vibrate at a 
frequency 14 times its fundamental. 

The number of harmonic frequencies which a vibrating body may 
have is theoretically unlimited. Actually, since the higher har- 
monics have smaller amplitudes, it is difficult for the ear to de- 
tect those above the fourth or fifth. That they exist, however, 
has been proved, for harmonics as high as the forty-second of the 
lower notes of the piano have been identified. 
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We are now ready to continue the discussion of timbre. The 
reason that a piano note -and a violin note of thesamé frequency 
and loudness sound different to the'ear is due to the fact that the 
number of harmonics present in each as well as their respective 
amplitudes with reference to that of the fundamental is different. 
The low notes of the piano have a large number of harmonics and the 
energy contained in them is greater than that possessed by the funda- 
mental. The higher tones of the piano have few harmonics and most 
of the energy is contained in the second. A tuning fork has a loud. 
fundamental and practically no harmonics. It is characterized by ' 

a peculiar tone which is rather sweet but flat and lifeless. The 
presence of harmonics add the richness and 'vibrant quality possessed 
by most musical instruments. 

5. COMPLEX WAVE FORKS. The wave form of the tone produced by 
a tuning fork is sinusoidal, since it consists of just one frequency. 
Likewise, an alternating current of sine wave form will, when passed 
through a loud speaker, create a tone of one frequency. Most sounds 
however, possess a series of harmonics as well as the fundamental 
frequency. Therefore, the voice currents corresponding to these 
sounds will be of several frequencies, and will not be sinusoidal. 
Such wave forms are known as complex waves and may assume a variety 
of shapes. The shape of the complex wave depends upon the ratio of 
the harmonics coipared to that of the fundamental, the number of 
harmonics present, and their phase relative to the fundamental. 

When the second harmonic is the only one present, is in phase 
with the fundamental, and has an amplitude equal to half of it, the 
complex wave has the form shown in Fig. 5. One cycle of the funda,- 
mental and two of the second harmonic are shown in dotted lines. 
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and an even harmonic of a particular phase. True symmetry on the 
other hand is only possible when the nave has no even harmonics. 

The wave forme ofthe note middle C as played on a cello organ 
pipe, a trombone organ pipe, apiano, clad the syllable "ah" sang at 
this pitch are shownin Fig. 17. -Notice that all the waves are 
similar yet each has its individual characteristics. Bach has a 
fundamental of 256 cyclesl-but the number and amplitudes of the 
harmonics.presentin each. are different. Itis this difference is 
the harmonics that makes the voice of one person distinguishable 
from all others. Curiously enough, the phase of the harmonios with 
respect to each other, or with respect to the .fundamental, have no 
bearing upon the quality or'timbre of the -sound.. Thus the totally' 
different wave forms of Figs.:5, 7, and 9 would pound exactly.alike 
to the ear. 
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6. WAVE FORM DISTORTION IN AUDIO AMPLIFIERS. It is the pur- 
pose of the audio amplifier to increase the amplitudes of the com- 
plex wave of audio voltage fed to its grid circuit. The signal 
voltages representing speech or music are of complex form, and con- 
tain a fundamental as well as a series of harmonic frequencies of 

greater or lesser value. If the audio amplifier is ideal, there 
will be no discrimination between the fundamental or any of its 
harmonics, and all of the many frequencies composing the complex 
wave will receive equal amplification. In this case, the wave form 
of the amplified voltages will be an exact replica of the wave form 
of the input voltages, and no distortion will be produced. If, 
however, through improper adjustment of the amplifier, the wave 

form of the output voltages differs from the input wave form in any 
respect other than having increased amplitudes, it is then apparent 
that the amplifier has produced some distortion. This distortion 
manifests itself in the creation of harmonic frequencies in the 
output voltages of the amplifier which were not present in the in- 
put. It is, therefore, essential that the audio amplifier amplify 
all the harmonic frequencies contained in the original production, 
but that it not introduce any harmonics of its own accord. 

In Lesson 19, the different types of distortion possible in 

audio amplifiers were discussed. For simplicity it was assumed that 
the input to the audio amplifier was a pure sine wave, and whenever 
the wave form of the output differed from a sine wave, distortion 
had taken place in the amplifier. One type of distortion was caused 
by insufficient grid bias, thereby allowing the grid to become posi- 
tive. This action caused the output wave to have the form shown 
in Fig. 18. When this wave is compared to that of Fig. 10, it is 

seen to be very similar. Fig. 10, however, was produced by adding 
a fundamental and a second harmonic with a phase difference of 90°. 
Therefore, is it not logical to assume that the output wave of the 
amplifier contains a second harmonic frequency? That such is the 
case has been definitely proved. Any wave form, no matter how com- 
plex, nor how much it differs from a sine wave, may be resolved into 
its component frequencies, which consist of a pure sine wave funda- 
mental and a series of harmonics of sine wave form. Or it may be 
stated that changing the shape of a sine wave in any manner whatso- 
ever produces harmonic frequencies. 

We must realize that these harmonics do not have a separate 
physical existence, yet the fact that the distorted wave has the 
same form as one produced by adding a fundamental and some of its 
harmonics allows us to say that harmonic frequencies are present in 
the distorted wave. 

The process of resolving a complex wave into its fundamental 

Fig.1B Type of distortion produced 
by insufficient grid bias. 
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and harmonics is similar to that of analyzing a pulsating DC into 
a pure DC and an alternating current, which was explained in Lesson 
14. The actual mechanics of the method, however, are much pore com- 
plicated and require a knowledge of the integral calculus-. It is 
not necessary for you to be able to do this, but you should remember 
that it can be done. - 
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When an amplifier hasaa excessive grid bias applied, it causes 
the tube to operate on the lower curved portion of its Eg-Ip char- 
acteristic curve during a part of the input cycle. The amplitude 
of the negative alternation of the output wave'is smaller than the 
positive alternation, and_thus distortion has been produced. If a 
Eilliameter were placed in the plate circuit of this tube, and the 
excitation voltage stopped, it would read thé normal no -signal plate 
current. Then when the excitation is applied, the reading 'of the 
of the meter should not change if no distortion is present. Such 
'will be the case when the two alternations of the AC component of 
the plate current have the same amplitude, for then the .increase 
in plate current above normal is equal to the decrease below nor- 
Isl. With excessive grid bias, however, the increase is greater 
than the decrease and the meter shows an increase in plate current 
when the signal voltage is applied. 

Fig. 19 gives an analysis of this distorted wave. The .out- 
put wave is shown as a solid line. Its components are a fundamental 
frequency, A; a second harmonic frequency, B; and a direct current, 
C. The direct current component, C, adds to the normal no -signal 
plate current and thereby increases the reading of the DC milliam- 
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meter. The second harmonic frequency is transferred along with the 
fundamental to the following tube, and causes the output from the 
loud speaker to sound fuzzy or blurred. 

When the amplifier has insufficient grid bias, the positive 
alternation has a lower amplitude than that of the negative and the 
plate current meter shows a decrease below the normal no -signal 
value. It may be proved that the components of the output wave are 
a fundamental, a second harmonic, and a direct current, as in the 
preceding case. The direct current component, however, is in the 
opposite direction, and therefore must be subtracted from the no - 
signal value. This causes the meter reading to decrease when the 
signal is applied. The waveforms in this case would be the same as 
those of Fig. 19 turned upside down. 

Sometimes a plate load impedance of too low avalue will, when 
used with apush-pull amplifier, produce an output wave as shown by 
the solid line in Fig. 20. (Push-pull amplification will be thor- 
oughly discussed in Lesson 28.) This wave may be resolved into a 
fundamental, A, and a third harmonic frequency, B; it has no direct 
current component. 
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Fig.20 Illustrating third harmonic 
distortion. A is the fundamental com- 
ponent of the complex wave; B is the 
third harmonic component. 

From the foregoing discussion, it is easy to see why waveform 
distortion is often called harmonic distortion. Any change in the 
wave form will introduce harmonic frequencies. This type of distor- 
tion may also be caused when the no -signal plate current of a tube 
is large and is allowed to flow through the primary of an audio 
transformer. The DC plate current saturates the iron core; that is, 
it produces so much magnetism that the relation between the current 
flowing through the coil and the amount of magnetism created is no 
longer linear. When the plate current increases on the positive 
alternation, the increase in magnetism is not as great as the de - 
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crease on the negative alternation. Thus, the amount of magnetism 
does not exactly follow the amount of plate current,' and the voltage 
it induces in the secondary is distorted. The waveform of the dis- 
torted voltage is practically the same'as that of Fig: 18. 

Now that we have a fair understanding of the nature of sound, 
harmonics and distortion in audio amplifiers, it is time,'that we 

discussed two other important. adjuncts necessary for the .00avenient 
operation of any radio receiver. They are volume controls and'tone 
controls. 

7. REQUIREMENTS OF A VOLUME CONTROL. It is of prime impor- 
tance to design any amplifier, either R.F. or A.F. to produce a 

maxima gain so that alarge amount of amplification will be avail- 

able when necessary. When receiving very weak signals, the, total 

amplification will probably be used; however, most 'of- the radio 

stations to which we listen possess amoderately large field strength 
in our vicinity, and some means must be provided to vary the amount 
of amplification until the volume of the sound issuing from the loud- 
speaker is neither'too loud nor too soft. 

To be satisfactory, a volume control must have -the following 

characteristics: 

1.' The control of volume must be smooth; that is, there 

should be no sudden changes from soft to loud as the con- 
trol is varied. Instead, there should be a gradual in- 

crease from no volume to maximum volume as the control 
is rotated from one end -to the other. 

-2. The 'control should not 'produce any detuning effect upon 

the receiver. When the position of the volume control 

is changed, it should not be necessary.to retune the re- 

ceiver. 
1. The fidelity of_the receiver should not be affected as. 

.the control is changed from one position to another. 

4. The control should be so placed that at no position is 

any stage. overloaded. 
5. When the control is in the maximum --volume position, there 

should be no loss of the received signal. 

Volume control methods have undergone a series of changes 
thróughout-the-past'ten years: Each change has been an attempt to 

satisfy more closely the foregoing requirements. We shall now dis- 

cuss the various methods that have been used, -from the very earli- 

est to those employed in modern receivers. 

8. CONTROL OP FILAMENT VOLTAGE. Before 1927, all receivers 
were battery operated and the control of volume was, obtained by 
,varying the filament voltage. A three -tube receiver consisting of 

a detector and two stages of audio amplification is shown in Fig. 

21. .Is the filament circuit there is connected a rheostat by means 

of which the filament voltage may be changed from a very -low value 

to the maximum available from, the A battery. When the sliding arm 

of the'rheostat is at the right,. all the resistance is in the cir- 

cuit, and a large part of the voltage of the A battery is dropped 
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Fig.21 Controlling volume by varying the filament voltage by means of a rheostat R. 

across the rheostat, leaving very little for the filaments. Under 
this condition, the emission from the filaments is very low and 
practically no electrons are able to reach the plates;.therefore, 
little or no amplification is possible. As the slider is moved to 
the left, the resistance is.cut out of the filament circuit, a 
higher voltage is applied to the filaments, and a greater emission 
takes place. This results in greater amplification and more vol- 
ume from the loudspeaker. 

In the earlier sets, a separate rheostat was 'used for each 
filament and the volume could be changed by varying the position 
of any one or all of them. One disadvantage possessed by this 
method is the fact that the voltage applied to athoriated tungsten 
filament is rather critical. -The recommended filament voltage for 
an OlA tube (the type used in all the early receivers) is 5 volts. 
When this voltage is used, electrons are emitted from a very thin 
layer of thorium atoms which covers the surface of -the filament. This surface gradually evaporates, and is replenished by the dif- 
fusion of thorium from the inside of the filament. If the tube is 
operated at a filament voltage below normal for any great length of time, the temperature of the filament is so low that the process 
of boiling the thorium from the interior of the filament is greatly 
retarded. When this occurs, the thorium atoms cannot be replaced on the surface as fast as they are evaporated' and the emission lay- 
er is slowly depleted. 

When the filament voltage is above normal, the evaporation of 
the thorium atoms is rapidly accelerated, and the emission layer is again used up as the diffusion process is unable to maintaina 
sufficient supply. Despite this disadvantage, this system was al- most universally used until the advent of the AC -operated filament. 

When the first AC -operated tubes were used, the same system of 
controlling volume was attempted. It was, however, found to be 
entirely unsatisfactory. The types 26 and 71 tubes (which were the 
first ones used) possessed heavier filaments than the 01A; this was necessary so that the temperature of the filament would not change appreciably during the time that the alternating filament 
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current was at zero, as a, change would have introduced1exoessive 
hum. Thus, when the filament voltage was lowered in, an attempt 
to reduce the volume, 5 to 10 seconds would elapse before the fil- 
merits cooled enough to actually produce a change in volume. Sew - 
eral attempts were, therefore, necessary beforetbe volume could be 
set at a satisfactory level. _ 

With cathode type tubes, this delay was, even lore -pronounced 
- and some other method had to be devised. , 

9. CONTROL OF PLATE AND SCREEN VOLTAGES. The next iethod used, 
to control the volume was to vary. the plate voltage of the mplifier 

. stages. A rheostat is connected in the plate circuit and by vary- 
ing its position, the voltage applied to the tube or tubes may be - 

changed. .Increasing the plate voltage naturally increases the amp-- 
lification which the stage will produce, and thereby canses the vol- 
nm e to be louder. A diagram of a circuit using this method is shown 
in Pig. 22. , 

Frg.22- varying the plate 
Voltage to control volume. 

r . " ' . r 
.ram 

4 I . 
a 

This method cannot be used with screen -grid tubes, as the plate 
voltage might be reduced below the screen voltage and secondary emis- 
sión would take place. If this oocmra, the plate current variations 
do not exactly follow the grid. voltage changes and severe distortion 
results. Changing the plate voltage is not entirely satisfactory 

i 

Fig.:, .Another 'plate ..volume 
control. 

s 

, 
_j, 

r - - r= . .f - _ 1+ 

even with triodes, as' such a change moves the operating point and 
It is wholly possible that a lowered plate voltage would -cause the 
tube to operate on the bottom curved portion, -of its grid Voltage- 

, plate current characteristic curve. 
Another method which was once used is shown in Fig. 25.. A po- 

tentioster of approximately 10,000 ohma; is connected, across the 
_ v primary of the R.F. transformer,,_ and the plate voltage is.applied 
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through the sliding arm. This gives- a somewhat -smoother control. 

of volume, but it ptissesses the same defects as the preceding ar- 

rangement. 
Since the transconductance of a screen -grid tube depends upon 

the voltage applied to the screen, it is possible to control the 

amount of amplification a screen -grid stage will produce by vary- 

ing the screen -grid voltage. Such a circuit is 'illustrated in Fig. 

24. The combination of the rheostat R1, and the fixed resistor R= 

constitutes a bleeder resistance connected from the screen to ground. 
When all of the resistance of the rheostat is in the circuit, the 

current flowing through the bleeder is low. Since this current 

must .flow through Rs to- reach the bleeder, this small amount of 

current will not produce a very large voltage drop across Rs and 

-the screen -grid voltage will be high. 

Fig.24 Controlling volume by 
varying the screen-grid voltage. 

When all the. resistance of the rheostat is out of the circuit, 

the bleeder consists of only the fixed resistor R, and the bleeder 

current is large. The large amount of current flowing through Rs 

to reach the bleeder produces considerable voltage drop across Rs' 

and as a result, the screen -grid voltage is low. 

'The high value' of screen -grid voltage canter greater ampli- 

fication and louder volume, whereas the low screen -grid voltage 

produces opposite effects. 

10. CONTROL OF GRID BIAS., When variable -mu or super -control 

tubes became available, another type of volume control 'was made 

possible. This method consists 'of varying the grid bias applied 

to the R.F. amplifier stages. If the grid bias applied to an or- 

dinary screen -grid or R.F. pentode is changed, distortion results, 

since an increase in bias will cause the tube to operate on the 

curved part of its characteristic and partial detection will occur. 

The curved part of the characteristic of variable -mu tubes, on 'the 

. other hand, is so long and gradual that detection is not possible. 

Fig. 25 illustrates the first three tubes of a receiver in. which' 

this method is employed. The cathodes of the two R.F. tubes are 

connected together, and in series with this common cathode circuit 

there is connected a fixed resistor R1 and a rheostat R,.- The slid- 

ing arm iá connected to ground, as are the grid return circuits and 

B minus. The plate currents of these tubes flow from -B minus to 

ground, up through the slider, through that part of the rheostat 

connected in the circuit, and through the fixed resistór to 'th'e 

cathodes. Thus, the cathodes -are placed at' a positive potential 

with respect to ground equal to -the voltage'dropped across the'twó 
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g.25 
Controlling' volume _by variation of the grid b;Fas of the 

vari 

.resistors. 

Since the grids are grounded as far as DC is ooncerned, this 
voltage constitutes the grid bias, and any change in the position 
of the'rheostat will consequently change the bias value. Whén all 
the resistance of the rheostat is ct out, the grid bias is lowered 
and the tubes operate onthe,straight part of their characteristics, 
producing the maximum amount of amplification and the loudest vel- 
me. , 

Moving the slider downward will increase the bias, and ,eaase 

the tubes to operate on the long, curved part of their character- 
istics, at' which point a smaller amplification will be obtained. 
This is due to the fact that the amplification factor of the tubes 
is reduced when the bias is increased. 

The fixed resistor RI is necessary' to insure that the tubes 
have some bias even when all the resistance of the rheostat is out 
of the circuit. 

11. OTHER METW)DS. On receivers which do mot employ auto- 
matic volume control, it .is not advisable to place the .control 
entirely' in the audio stages, for in this case the R.F. stages 
or the detector may be overloaded by a strong signal -and thereby 
produce distortion. 

It is easily possible for the strongest signal that strikes 
the antenna to be 2550,000 times as great as the weakest that is 
able to,be'received. Thus, the.volme control must be capable of 
reducing the amplification 250,000 times if both signals, are to be 
received with equalvolme. In,addition, no, signal should be heard 
when the control is in the minimum-wlme,position;therefore, the 
control must farther reduce the amplification so that none of the 
strong signal is able to produce a sound in the speaker. This re- 
quires that the total reduction in amplification be at least.1,000,000. 

A volume control systém which in itself is not capable of pro - 
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ducing the necessary reduction in volume, but which, when used in 
combination with the grid -bias aethod is very satisfactory, is shown 
in Fig. 26. It is called an antenna shunt. When the arm of'the . 

potentiometer is at point A, all the R.F. input is shunted to.ground 
_ and does not flow through the antenna coil. When it is at point .B, 
the majority of the R.F. current flows through the coil instead of 

FIg.26, Ailantenna shunt 
method for control of vol- 
ume. 

the shunt. In order that this arrangement shall not- produce any 
loss of the signal, the total resistance of the potentiometer must 
be quite large; it -should be at least 4 or 5 times as great as the 
impedance of the antenna coil. It is not possible to completely 
cut off a very strong signal by this method, unless the R.F. trans- 
formers are well shielded, as a strong local station. may induce 
enough voltage directly into the -first tuned circuit to produce 
loud speaker volume. 

A more satisfactory type of control is the so-called "antenna - 
bias" method. It. consists of a 'combination of the antenna shunt 
and the bias control. Fig. 27 shows "a circuit with this method. 
A movement of the arm toward A increases the shunting effect, and 
'at the:same time, -increases the bias on one or more R.F. amplifier 
stages. When the arm is moved in the opposite direction, less R.F. 
current flows through the shuñt,'and the bias is decreased, which,' 
of ',Curse, produces an increase in volume. 

tenni-piasAcorttrolamethodcamhrion-a -- 

It should be realized'that theta are. many types óf volume con- 
trols, which differ only slightly in. their arrangement. =To give 
a complete description of each type would not be desirable.. It is 

. more important that -the principles underlying each general type 
be thoroughly mastered, and then the many variations may be easily 
understood. While modern receivers do not use the methods. of vol- 
ume control previously discussed in this lesson, it is necessary 
that the general classifications be learned,'since-ieny of the sets 
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still In use.employ one of these methods. _ 

12. AUDIO CONTROLS. Practically all modern ,receivers have 

automatic volume control. This system, which will 'be explained in 
detail in a later lesson; makes the output volume from the loud 
speaker independent (within limits) of the voltage induced in the 

antenna. Thus, when a weak signal is being received, the "full 

sensitivity of the set is used, while a strong local.sigual,auto- 
matioally'-reduces the sensitivity until the volume is the'same as 

before.. Naturally a manual volume control is also necessary to 

adjust the volume level to that desired under different conditions. 

While it will usually not be necessary to .change the position of 
the manual control when tuning from a local to a distant station, 

it is essential that one be incorporated in the receiver so that. 

the volume level maybe reduced when the music from the set is to 

be used as a "background" during'general,conversation and thus not 

disturb the listeners. 

FIy.2a An audio volume -con- 
trol used in diode detector 
circuit. 

duo -diode -triode 

. 

These controls are usually located in :the audio amplifier, 
since there is no danger of a strong signal overloading any stage, 
as long as the automatic volme control system is functioning. One 
type of control often used in present-day receivers is shown im- 

Fig. 28.' The. receiver has a diode detector, and the diode load iá 
a potentiometer. The slider is connected through a condenser to 
the grid of the triode section of the duo -diode -triode. The triode 
section is the first audio aemmplifier. The voltages built up across 
the tamed circuit alternately make the diode plate positive and 
negative with respect to'the cathode. When it is positive, current 

flows from the cathode to the diode plate, through the tuned cir- 
cuit, through -the potentiometer back to the cathode. In flowing 
through the potentiometer, this current produces a recti lied voltage 
across it. The high -frequency variations are by-passed by the con- 
denser C1 ,and the voltage across the load is of andio'',frequency. 
By sliding the arm of the potentiometer, any. part of this voltage 
slay be applied to the grid of the triode section, and thus the 
volume level of the'receiver m y be set. The condenser C" is used 
to prevent the'DC component of the voltage across'the load from 
being applied to the grid. ,Re is the grid leak.' 

' Another type of control which is occasionally used in reeeivern, 
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end'is,widely used in public address system amplifiers, is illus- 
trated in Fig. 29. It consists of a potentiometer connected across 
the secondary of an audio.transforaer. The sliding -arm connects 
to the grid of the tube, and by moving the slider, any pert of the 
voltage produced across the secondary may be applied to the tube. 

FIy.29 Another type of audio 
volume control. 

As we shall learn in a later lesson, the presence of the poten- 
tiometer affects the value of the load resistance into which the 
preceding tube is working. In order for this effect to be negli- 
gible, the total resistance of the potentiometer must be rather 
high; commonly used values range from 100,000 to 2,000,000 ohms. 

13. TAPER. Nearly all types of volume Controls require a 
special type of potentiometer or rheostat, known as a tapered con- 
trol. It is essential that we learn what a tapered control is and 
why it must be used. 

An ordinary non -tapered or linear potentiometer is so construc- 
ted that equal changes in rotation produce equal changes in resis- 
tance. Nearly all controls are arranged so that maximum volume is 
obtained' when the knob is rotated'all the way to'the right. If the 
amount of resistance between the left end of the potentiometer and 
the slider were measured at different amounts of rotation, and the 
results plotted in graphical fora, the curve shown in Fig. 30 would 
be secured. For convenience, we have assumed that the total resis- 
tance of the control is 100,000 ohms, When the era is at the ex- 
treme left end of its rotation, the resistance between it and.the 
left end is zero. Then when the arm has been moved through 10% of 
its rotation, 10,000 ohms are included between, it and the left end. 
At 50% rotation, half of'the total resistance, or 50,000 ohms are 
between theare and the left end, etc. Each 10% of.rotation pro- 
duces a change of 10,000 ohms. 

That such a potentiometer is not desirable for the control of 
volume may be seen from the following example. Consider the cir- 
cuit shown in Fig. 31. The letters L,,R, and S indicate the left 
end, the right end, and the slider respectively. When the slider 
is at point R, the total voltage across the secondary- is applied 
to the grid of the tube, and maximum volume is.obtained. Let us 
now change the position of the slider until the volume sounds only 
half as loud, and then measure the voltage applied to the grid. 
You would probably saythat this voltage is just half as great as 
%ben the maximum volume was secured, but you would be .wrong. In- 
credibly enough, we. find that under the condition of half volume, 
the voltage applied to the grid is only one -tenth of the total 
voltage across the secondary. 

'This unusual situation is caused by a peculiar characteristic 
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14. -TONE (XIIl2 (SAT$D VOLUME CONTROLS. It is very difficult 
to hear the bass notes from a receiver unless the volume is nearly 
full on. At low volume levels, the reproduction has a- thin or 
shallow sound. This is due to a deficiency of the human ear. The 
tar'is_most sensitive to sounds having a frequency of about 1,000 
cycles; it is slightly less sensitive to higher frequencies, and 
.its sensitivity. to the low or bass notes is rather small. ' 

FIp.35 A tone compensated 
volume control. 

In order that the reproduction shall have the correct pro- 
portion of bass notes at low volume levels, it is necessary that 
the volume control attenuate the middle and high range of fre- 
quencies more than it does the low. This may be accoáplished by 
using a tapped volume.control as shown ili Fig. 15. Between the 
tap and the bottom end of the control there is connected á coil 
and a condenser in series. The value of the coil and the conden- 
ser are chosen so that the circuit will; be broadly resonant to the 

- : middle range of frequencies. When the arm of the control is at 
the top, the signal is fed to the grid of'the tube without being 

` affected by this circuit. As the slider is moved downward, the 
'- shunting effect of the resonant circuit becomes more pronounced. 

The middle frequencies are attenuated more than the highs or the 
lows, and the correct proportion of bass notes is maintained. 

The resonant frequency is usually about 1,000 cycles; common 
.values for the coil and the, condenser are .05 henry and .5 mid. 
About 25% of the total resistance is connected between the -ter- 

' minals of the. coil and the condenser. 
A few controls have two taps as shown. in Fig. 16. From the 

lower; tap there is connected.a condenser and a resistor in series. 
The resonant circuit attenuates'the. middle range of 'frequencies, 
'while the condenser and resistor attenuate the highs. C1 and L1 
have the same values as in the preceding case; Cm is .5 Ofd., and 
R, is approximately 800 ohms. In this case, the 'top section of the 

s 

Fig.36 .A more elaborate tone 
compensated volume contrbl.. 
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potentiometer was 10,000 ohms,' the middle section, 7,000 ohms;. end 
the bottom section, 7,000 ohms.' 

In a few cases, no attempt is made to attenuate the middle 
range of freqúencies. A condenser is connected from the tap on the 
volume control directly to ground. No resistor is used. The same 
principle applied as in the preceding cases. The condenser tends 
to by-pass the higher frequencies without having an appreciable ef- 
fect upon the low or middle range of frequencies. 

15. TONE CONTROLS. The tone control first made its appear- 
ance about 1930. At that time, the frequency response of the aver-. 
age radio receiver was rather poor. It was able to reproduce mid- 
dle frequencies and a few of the highs, but its bass response was 
especially bad. This caused the reproduction to sound tinny. 

In order to compensate for this deficiency in the low notes, 
the tone control'was devised. By its.use, a portion of the high 
frequencies are by-passed around the loudspeaker .and there is an 
apparent increase in the low frequencies. Actually, there is no 
increase in the volume of the low frequencies present'in the out- 
put Of the speaker, but the lack of high frequencies causes what. 
lows there are to be more noticeable.' In- addition, many static 
noises are of a high -frequency character and by.turning the tone 
contra to the bass position, they may be partially eliminated. 

When the tone control is in the bass position, it is usually 
necessary to increase the volume as the tone control by-passes a 
part of the audio energy. Modern receivers have excellent fidelity 
and tone controls are no longer as important as they once were. 
They are, however, usually included in present-day sets as many 
people prefer to hear reproduction having a predominance of bass 
notes. 

In order to partially by-pass the high frequencies and not af- 
fect the lows, condensers must be used. Since the capacitive re- 
actance of a condenser decreases .as the frequency' is raised, it 

offers a low impedance to currents of high frequency and a high 
impedance to those of low frequency'. It would be possible to con- 
nect a variable condenser between the grid of any one of the audio 
stages and ground. and, by varying the capacity of .the condenser, 
by-pass any amount of the high frequencies so desired. A variable 
condenser, however, requires considerable room and, therefore, this 
method is not used. One type of tone control consists. of -three 
oondensers with one terminal of each grounded. The other terminals 
are connected to a switch having four contacts, the first contact 
being left blank. The rotating arm'of the switch is connected to 
the grid of one of the audio amplifiers. Such an arrangement is 
shown in.Fig. 37. When the switch is in the first position, none 
of the condensers is in the circuit, and the tone control is not 

functioning. The second switch position oonnects.the condenser of 
low capacity between the grid and ground and a small portion of 

the high frequencies are by-passed through this condenser. When 
the switch is in the third position, a condenser of somewhat larger 
capacity is connected between the grid and ground, a larger part 
of the high -frequencies are by-passed and the bass notes present 
in the output of the speaker become more noticeable. The fourth 
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position connects a condenser of still larger capacity between the 
grid and ground and a very large percentage, of the high frequencies 
are by-passed through:.'it: 

Fig.37 A tone control using - three fixed condensers. 

Average values for these three capacities are .003, .006. and, 
.009 fd. respectively.. 

- 

. A type of tone control used far acre widely than the preceding 
one is shown in Fig. 38. It consists of a condenser and' s, rheostat 
connected between the grid of an audio amplifier stage and ground. 
The total resistance of the rheostat has.an average value of 500,000 
ohms .and the condenser an average value of .002 mfd. When theslid- 
ing arm of the:rheostat is at the bottom end, the 500,000 ohms of 
resistance is in series with the .002 afd..condenser. Under this 
condition, there is practically no by-passing of any of the fre- 
quencies. Let us take, for -example, a 100 -cycle note, a 1,000 - 
cycle note and a 5,000 cycle -note, representing a low frequency, a 
middle frequency and a high frequency respectively. The capacitive 
reactances of the .002 fd:.condenser ,at these three frequencies 
are 795,000 ohms, 79,500 ohms and 15,900 ohms respectively. 

Fig.38 A tone control using 
a condenser and a rheostat. 

The total impedance of the. condenser and the rheostat is 
9;9,000 ohms at 100 cycles, 510,000 ohms at -.1,000 cycles and ap- 
proximately 500,000 ohms at 5,000- cycles. All of these values are so 
large that there will be little, if any, by-passing of any of the 
frequencies contained in the audio signal. 

As the sliding ara of the tone control is moved upward, more 
and more of the resistance of the rheostat is cat out .of the'oir- 
enit.- When the resistance remaining in the circuit is .50,000 ohms, 
the total impedance between the grid and:gropnd 4S795,100 ohms 
at 100 'cycles, 95,200 ohms at 1,000 cycles and 52,400 ohms at 5,000 
cycles. It fray be seen that very' little .if any, of the 100 -cycle 
frequency will beby-passed through this condenser -resistor com- 
bination. -A part of the 1,000 -cycle frequency will be by-passed 
and.such more of the 5,000 -cycle frequency. When the sliding arm 
has been moved to the -top end of the resistor, only the condenser 
remains in the circuit and practically all frequencies above 1,000 
cycles are. by-passed through it and are not amplified by the tube. 
Thus the output will seem to have more low frequencies In it- 'than 
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before; although actually, they are only more noticeable: due-, tai 
the lack of the highs. 

Tone controls melt' be' placed in either the -grid or the plate . 

circuit of any of" the andio-smplifier stages:1 Those used.in the 
plate circuit usually have a miller. resistance in the order of 

. 20,000 to 50,000 ohms, -and the condenser a value of about .02 fd. 
In addition, .the condenser'must -be able=.to -withstand the total_ - 

applied platevoltage. 
Nearly all tone controls use.left-hand tapers.. An -.easily -;re- 

membered rule regarding tapers which should be observed when one 
is replacing' a& --tone control is' as follows 'If the -bass position 
is to the left-hand. side of the knob, use a left-hand taper, and- 

if it is to the -right side of the knob, .a' -right-hand taper.shoáld 
be employed. -The taper curve ordinarily used for. a., toile control 
is the one aarked. Nó. 

16. CONSTRUCTION OF VOLUME -AND :TONE CONTROLS. 'There . are two 

general types of -controls, the. wire wound end -the carbon. The 
wire wound consists of many turns 'of high -resistance. wire wound 
around a flat insulating -strip.. -The strip is bent into the shape 
of a circle.,''it should be flat in order that.-the-.eontrol will 

I have as little inductance as possible.'The sliding -arm moves along 
from tarn to turn across one edge of.the strip.:'The carbon -type 
control consists of a molded carbon piece shaped in circular form. 
Each -type has its advantages and disadvantages. . 

The advantages of the;wire-wound control are: ti. - ., - 

1. Absolute accuracy of resistance 'value is maintained 
throughout the life of the controI.' Wire wound/controls 
can be manufactured to. within a tolerance of 2% 

- 2. sigh current -carrying capacity is easily 'obtained. The 
average' wire wound control - is capable of dissipating -at 
least 5 watts. 

3: Low resistance values are easily obtainable. Wire wound 
controls, having a total resistance of .5 ohm are avail- 
able. 

' ' The disadvantages of the wire wound control are: 

1. Difficulty of obtaining taper. A taper curve of a wire 
wound control is not a true curve, but is a series of 
broken lines. Thus the taper change is rather abrupt. 

2. A slight amount of noise is generated when the arm moves 
- from one turn of wire to another. This noise, is caused 

by the voltage -drop per 'turn of.the resistance wire. 
.5.- Wire' wound controls have a.limited resistance value.' Re- 

sistance wire of less than one -thousandth of an inch in 
' diameter is very fragile. It is very difficult to manu- 
facture wire wound controls having a total resistance in 
eL ass of 150,000 ohms and still keep them compact in 

' 1- size. 

The advantages of the carbon type of control may be listed ail 
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1. Amy taper curve neon' be easily obtained + r ,, 

2.1 

_ 2. , They are silent in opefation because the resistance 
change is progressive and does not take place by minute 
steps as in the case of the wire wound control. 

- I.' Very high resistance values may be obtained in aspect 
. .form. Carbon type controls having a total resistance of 

' -_ 1 ' several negohns -are not uncommon. , 

- : 

,, . The disadvantages of the carbon; type. control, are:' .-, . 

- - 

1.' They are subject to a variation of resistance caused by i 
humidity and age. A carbon,00atrol has a tendency to 
change its resistance, especially if it is overloaded 

- - for any length of time. It is also difficult to' menu- _ 

t facture a carbon typeeontrol with a tolerance:limit.sp- 4 
preaching that obtained in the wire wound types. 

2. ' Carbon type controls have slow current handling capaci-. 
ty. The average dissipation is approximately 1 watt. , 

' Low resistance carbon controls are impracticable. It is. 
almost impossible to snceessfully make a carbon control 

s1 
1 

with a total resistance lower.than 500 ohms. 
I . 

' It -nay thus be seen , that each type of control has its own uses: .. 
.- To be on the safe side, it is always best to replace a wire wound 

control with a wire wound control and an original carbon control 
with a carbon type control. It_ is possible that there would be 
is few.eases where it would' be desirable to change the type of con- _ 

_ 

! 

trol,-but such a matter -should be weighed cautiously. Unless the ° 

, advantages to be gained are much greater than the disadvantages 
which will be'introduced,-it is best not to make this change. 
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MELTING CURRENTS FOR WIRES 

Owtné to the tnfluence of various factors which control the 

rate of loss of heat enerép, the followtnQ values can be constd- 
ered onlp as approxtmattons. 

GAUGE NO. 
A.W.G. 

DIAMETER 
INCHES 

MELTING CURRENT IN AMP. 

COPPER ALUMINUM IRON 
FUSE 
MIRE 

43 0.0021 1 ... .... 

41 .0026 .... 1 .... 

39 .0035 2 ... .... 

38 .0040 ... 2 .... «.. 

37 .0045 3 ... 1 

35 .0056 4 3 .. 
34 .0063 5 4 .... 

33 .0071 ... ... 2 

32 .0080 ... 5 .... 

30 .0100 10 ... 3 1.7 

28 .0126 15 10 .... 

27 .0142 ... ... 5 . .. 
26 .0159 20 15 .... 

25 .0179 25 ... .... 

24 .0201 30 20 10 4.9 

23 .0226 35 25 .... 

22 .0253 40 30 .... 

21 .0285 45 35 15 

20 .032 60 40 .... 9.0 

19 .036 70 50 20 11.3 

18 .040 80 60 25 13.3 

17 .045 100 70 30 

16 .051 120 90 35 19.8 

15 .057 140 100 45 

14 .064 160 120 50 25.4 

13 .072 200 160 60 32. 

12 .081 225 180 70 39.1 

11 .091 275 200 90 

10 .102 ... 225 100 54.1 

9 .114 ... 275 120 63.1 

8 .128 ... ... 140 81.1 

7 .144 ... ... 160 90.6 

6 .162 ... ... 200 110.7 

5 .182 ... ... 225 132.1 

4 .204 ... ... 275 154.7 
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MAKE HASTE SLOWLY 
A RULE YOU SHOULD ALWAYS FOLLOW 

You have probably visited a museum sometime during 
your life, but have you ever had the opportunity of roam- 
ing through an exhibit of modern science and industry? 
It is one of the most absorbing tours a young man can 
take. 

You can spend hours there...hours that you will not 
soon forget. You see models of every conceivable kind 
of mechanical and electrical device, from simple gears 
to elaborate radio sets, all arranged in the correct or- 
der of their development. 

To you, the electrical units would be most inter- 
esting. You trace the development of the modern Radio 
and Television set back to the original inventions and 
discoveries which made it possible. You see, right be- 
fore your eyes, how man literally groped his way from 
step tc step. You almost feel the same surge of emotion 
that came over the discoverer or inventor upon the com- 
pletion of his experiment. 

Those first steps were little, when viewed from 
your eves. Thousands of men spent their lives in pa- 
tient research to develop each one of the hundreds of 
steps in the radio receiver of today. Cver many hun- 
dreds of years, great minds had to puzzle out facts 
about magnets, condensers, the peculiarities of electric- 
ity. and the multitude of other details which are invol- 
ved. Hundreds of years entire lives spent so 
that Radio could send a message around the earth in the 
wink of an eye! 

This may be the ape of Speed but Speed itself 
was never produced in haste. The designers of the fas- 
test airplanes worked slowly and painstakingly. The 
telegraph, the airplane, the high-speed rifle...all were 
developed slowly, involving many steps and connecting 
links, like a chain. 

Some of us get the idea that we must be in a hurry, 
because we live in an age of speed. We high-pressure 
ourselves into trying to absorb too much at one time. 
In our haste to get a thing done, we may overlook an im- 
portantstepor fact which would seriously retard us later 
on. 

'Make Haste Slowly' is a good rule to follow. Con't 
say 'I must get through this lesson in a hurry', but in- 
stead say 'I want to know all the facts in this lesson 
thoroughly! 

Copyright 1942 
By 

Midland Radio & Television 
Schools, Inc. 

PRINTED IN U.S.A. 

KANSAS CITY. MO. 



Lesson Twenty -Seven 
SUPER- 
HETERODYNE 
RECEIVERS 

"Practically all mod- 

141 

1' J 
ern radio receivers in- 

corporate the superheter- 1 

odyne principle of recep- 
tion. While this principle \ r 
has been known for many years, 

\Z;,,, it has only been since about 1910 \ 
that this type of receiver has cx- 
perienced more popularity than the old- _ ..yam" 
er T.R.F. type. 

"If you are to have a thorough understanding of modern receiv- 
er practice, unquestionably you must understand the superhetero- 
dyne's principle of operation. I am sure you will find the theory 
divulged in this lesson extremely helpful when constructing your 
own superheterodyne receiver during your laboratory experiments." 

1. THE SUPERHETERODYNE PRINCIPLE. The objective foremost in 
the minds of all radio set manufacturers is to produce a receiver 
which fulfills the requirements of selectivity, sensitivity and 

fidelity as closely as possible, consistent with economy. The suc- 

cess in this respect depends largely on the design of the radio 

frequency amplifying portion of the receiver. The detector, audio 
amplifier, and power supply must, of course, fulfill certain re- 
quirements as pointed out in previous lessons. The detector should 
be designed so as to produce a minimum of distortion. The type of 
A.F. amplification used and the component parts of the amplifier 
should be selected so as to minimize frequency and harmonic dis- 
tortion. As will be explained in Lesson 29, the loudspeaker also 
affects the fidelity of a receiver to a great extent. 

The design of these latter portions of a receiver is rather 
conventional and seldom presents much difficulty to the construct- 
ing -engineer. By following well -established rules, it is possible 
for him to secure satisfactory operation through these parts of a 

radio receiver. The design of the R.F. amplifying section, however, 

presents additional problems, some of which were discussed in Les- 
son 24. The method of signal amplification as explained in that 

lesson up to the detector stage is known as T.R.F. (tuned radio fre- 

quency). In a T.R.F. amplifier, the incoming radio signal is amp- 
lified at its own frequency by adjusting the tuned circuits through- 
out the amplifier to the frequency of that signal. Each time recep- 
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Fig..1 Block diagram of T.R.F. receiver. 

tion of a radio station operating on a different frequency is de-' 
sired, it is essential to readjust the resonant circuits to coin- 
cide with the frequency of the -new desired' signal. A block diagram 
illustrating the main portions of a T.R.F. receiver is shown in 
Fig. 1. Ina receiver of this design, if reception is desired from 
a station. operating on 1500 ko., the tuned circuits in the T.R.F. 
amplifier are adjusted to that frequency. Then, when reception is 
desired at a different 'frequency, say 600 kc., all the tuned -cir- 
cuits must be readjusted to permit a signal of that frequency to 
pass through the amplifier. ' Altering the tuned circuits.in this 
manner over the frequency range to be covered does not permit the 
sensitivity nor the selectivity exhibited by the receiver to be 
constant over the entire tuning range. When the same tuned circuit 
is used to resonate It all -frequencies from 550 to 1600 ko.; its 
characteristics will be quite different atone end of the band than 
at the other; hence,' broadcasting stations will not be received with. 
the same degree of satisfaction over the entire dial. 

. The total gain (voltage amplification) and selectivity' of an 
R.E. amplifier is improved considerably when a constant load is main- 
tained in the plate circuits of the R.F. amplifying tubes at all 
frequencies. -This condition is realized to a higher degree of sat- 
isfaction when a preselector unit is employed ahead of an untuned 
R.F. amplifier as shown. by them block diagram in Fig: 2. The design 
of preselector units was discussed in Lesson 24. Therein it 'was 
found that such.a devibe consists of'several tuned circuits coupled 
in such .a manner that:- the incoming signal mast pass through -each 
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AMPLIFIER 
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F3g.2 Block diagram of preselector-untuned 
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of them. In so doing, selectivity is obtained; that is, the' de- 
sired signal is permitted to pass, whereas the undesired signals 
are rejected. Following the preseleetor unit, en untuned R.F. aapli- 
fiar is satisfactory..The selected frequency, will then be amplified 
by' the vacuum tube stages in the untuned R.F. amplifier and fed. to 
the detector stage where it is demodulated. In a receiver -of this 
kind, snore constant gain with uniform selectivity is secured over 
a normal frequency range when compared to the conventional T.R.F. 
amplifier, mainly because the selecting and amplifying portion are 
separated into two individual units. Some difference may exist at 
the two ends of the frequency range covered but it will 'be found 
slight in comparison to those conditions existing in a T.R.F. ampli- 
fier. 

Since no amplification is secured while the signal is being 
selected, there is, naturally, some loss in signal energy through 
the preseleotor unit. This means, then, that the strength of the 
signal delivered to the untuned R.F. amplifier is much weaker than 
that which would be delivered to. the input of a T.R.F. amplifier 
(considering the same input voltage) and hence lore untuned ampli- 
fying stages are generally necessary to obtain equal sensitivity 
in the two types of circuits. The weaker signal is also objection- 

able in that it is closer to the atmospheric noise level, thus 

making distant reception difficult without considerable static and 
interference.' 

These disadvantages of the T.R.F. amplifier and the preselector- 
untuned.R.F. amplifier are solved to a great extent by the super- 
heterodyne method of signal reception. In a superheterodyne, the 

selecting and amplifying portions' of the receiver are not entire- 
ly separated, but the principle of operation enables the greater 
part of the amplification to be obtained at one certain .frequency 
for all incoming signals. This overcomes the major difficulties 
of the.T.R.F. amplifier wherein the signal amplification was con- 
ducted at the frequency of the incoming signal. The selectivity 
in a superheterodyne is distributed throughout the R.F. portion 
of the receiver in such a manner that it does not seriously inter- 
fere with the sensitivity when receiving different stations. 

The superiority of a superheterodyne receiver to the other 
methods of signal reception is time proved and practically all 
modern receivers are now of this type. The block diagram in Fig. 

R.F. 
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^-- DETECTOR ^- I.F. SECOND A.F. 
rAMPLIFIER - OR AMPLIFIER .--- DETECTOR - AMPLIFIER 

MIXER 

OSCILLATOR 
110V 
AC, 

POWER SUPPLY 

Fig., Block diagram of superheterodyne receiver. 
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i illustrates the essential portions of a superheterodyne receiver. 
By comparison with Figs. 1 and 2, it is seen that considerable dif- 
ference exists in the stage layout and general design. Let us 
briefly review the purpose of the various stages in a superhetero- 
dyne receiver, then, after establishing ageneral idea of its oper- 
ation, we shall discuss each portion of the receiver independently 
and thoroughly. 

2. THE SUPERHETERODYNE'S STAGES. 

(A) The R.F. Amplifier. The signal voltage induced in the 
antenna is fed to the input of an R.F. amplifier. This amplifier 
nearly always consists of a one -stage, high -gain circuit with its 
grid circuit tuned to the frequency of the incoming signal. This 
single R.F. stage is not for the purpose of obtaining adjacent 
channel selectivity, but, rather, for off -channel selectivity. This 
means that it is to prevent the reception of strong radio sig- 
nals which are a few hundred kilocycles away from the one desired 
and is not expected to prevent the passage of radio signals 10 or 
20 kilocycles from resonance. Amplification is obtained as the de- 
sired signal passes through this stage; however, it is not anti- 
cipated to be of appreciable magnitude in comparison to the ampli- 
fication to be secured further on. 

(B) The Oscillator State. The purpose of the local oscil- 
lator in a superheterodyne is to generate aconstant-amplitude (un- 
damped) R.F. voltage. This R.F. voltage is always maintained a few 
hundred kilocycles above the frequency of the desired radio signal. 
The tuning condenser for the oscillator is ganged on the assembly 
that is rotated by the tuning knob and adjusted so as to maintain 
a definite frequency difference with respect to the incoming sig- 
nal throughout the tunable range of the receiver. For example, if 
the receiver dial is adjusted to 600 kc., the oscillator might be 
tuned to 875 kc. Then, maintaining this frequency difference of 
275 kc., when the receiver dial is tuned to 1500 kc., the oscilla- 
tor will be 1775 kc. 

(C) The First Detector or Nixer State. From the block dia- 
gram shown in Fig. `l, it is seen that the output of the R.F. ampli- 
fier and the output of the local oscillator are both fed into the 
first detector or mixer stage. This, of course, is a vacuum tube 
circuit and the two independent signals are introduced in such a 
manner that both will affect the plate current. They are thus 
"mixed" together and the resultant plate current variations in the 
first detector stage depend upon the combination of the two'sig- 
nals. It is important to bear in mind that there are two distinct 
differences between the R.F. amplifier signal and the oscillator 
signal. These are: (1) The signal from the R.F. amplifier is 
modulated, whereas the signal from the oscillator is constant in 
amplitude. (2) The oscillator signal is higher in frequency than 
that from the R.F. amplifier. 

Combining these two signals in the mixer produces a new fre- 
quency in its plate circuit. It is called the "beat frequency" 
or "intermediate frequency." The words "intermediate frequency" 
are abbreviated "I.F." The intermediate frequency is equal to the 
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difference between the oscillator frequency and the desired signal 
frequency. The plate circuit of the mixer is permanently tuned 
to this value. Permanent tuning can be employed because an equal 
difference is maintained between the oscillator and the incoming 
signal over the entire tuning range. The intermediate frequency 
will have the original modulation of the incoming signal impressed 
on it; that is, the amplitude variation will not be lost in the 

frequency conversion process. 
The first detector, then, is that stage in a «uperheterodyne 

receiver which accepts a modulated R.F. signal voltage and a con- 
stant amplitude voltage, then produces, in its plate circuit, a 

modulated I.F. signal voltage equal in frequency to the difference 
between the incoming R.F. signal and the local oscillator. It 
performs the process of detection, but not to the extent that A.F. 
currents flow in the plate circuit. 

(D) The I.F. Amplifier. The I.F. amplifier is a high -gain 

circuit permanently tuned to the frequency difference between the 

oscillator and the incoming signal. The modulated I.F. signal is 

produced in the plate circuit of the first detector, then fed di- 
rectly to the input of the fixed -tuned I.F. amplifier. Since all 
incoming signals are reduced to the same frequency by the first de- 
tector and oscillator stages, this amplifier operates at only one 

frequency; therefore, the tuned circuits may be permanently ad- 
justed and each stage in the I.F. amplifier adjusted for maximum 
amplification. One, two or three stages may be used in the I.F. 

amplifier, depending upon the design of the receive-. When ampli- 

fying at this low, fixed frequency, it is possible to obtain a 
voltage gain per stage far surpassing that which could be secured 
from a single stage in a T.R.F. amplifier using the same type of 
tube. The high amplification attained through the I.F. amplifier 
is largely responsible for the excellent sensitivity possessed by 

most superheterodynes. Also, the fact that each stage is tuned 
with either one or two resonant circuits accounts for the super- 
heterodyne's sharp selectivity. 

(E) The Second Detector. The amplified, modulated I.F. sig- 
nal voltage is delivered to the input of the second detector. In this 
stage, the amplitude variations are converted into corresponding 
A.F. voltages. The function of the second detector is similar in 
every respect to the other detector circuits discussed in previous 
lesson$. 

(F) The A.F. Amplifier. The A.F. amplifier employed in a 

superheterodyne is the same as in other types of receivers. Like- 
wise; the loudspeaker and the power supply are no different than 
in other receivers. The essential difference between the super- 
heterodyne circuit and the other methods of signal reception lies 
only in the design of the circuit up to the demodulating stage. 

Throughout the remainder of the lesson, it is necessary to 
keep in mind that in a T.R.F. receiver, the signal is amplified 
at its own carrier frequency, whereas in a superheterodyne, the 
incoming signal is changed to the intermediate frequency. The ex- 

act requirements as well as the superheterodyne's advantages and 
disadvantages will be pointed out as the individual stages are dis- 
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cussed in detail. 

. PHENOMENON OF BEAT FREQUENCIES. The operation of a super- 
heterodyne receiver depends upon the mixing of two R.F. voltages so 
as to produce athird voltage known as the beat or intermediate fre- 
quency. This phenomenon of beat frequencies has many applications 
in all fields of radio work. Therefore, it is quite essential that 
the student understand it thoroughly. 

Common examples of beat frequencies are found in acoustical 
(sound) work. For example, if two audible sounds differing slightly 
in frequency are heard at the same time and their intensities are 
practically the same, a third audible beat note will also be heard. 
When the two original sounds are sustained or continuous, a new 
sound will be heard that varies in intensity. This beat frequency 
is heard because the phase relation between the two original sounds 
is such that at one instant the two sounds aid each other, thus pro- 
ducing a more intense or stronger sound, while at other instants, 
the phase relationship is such that they buck against each other and 
tend to neutralize, thus decreasing the intensity of the sound. 
Sustained audio notes that beat against each other in this manner 
produce a wavering sound because of this reinforcement and cancel- 
lation at various instants of phase relationship. This wavering 
sound is the beat frequency and the rate at which its intensity 
rises and falls depends upon the relative frequency of the two orig- 
inal sounds. In actual value, its frequency will be equal to the 
difference between them. To produce a beat note in this manner, 
it is necessary that the two original sounds be of approximately 
the same intensity because if one falls below a certain level, the 
beat note will be too weak to be heard. 

As an example, suppose that asustained SOO-cycle note is pro- 
duced by a first tuning fork and that a sustained 150 -cycle note is 
produced by a second tuning fork. Assuming the intensity of the two 
audio notes to be approximately the same, a beat note will be heard 
that is equal infrequency to the difference between the two; that 
is, S50 - SO0 or 50 cycles. 

(A) Beat Frequency Produced by Two Unmodulated Voitales. In 
electrical circuits, this same beat frequency phenomenon is found 
to be applicable in all cases. When two electrical voltages or cur- 
rents differing in frequency are mixed together or beat against each 
other, a third frequency equal i numerical value to the difference 
between the two will be produced.' 

To demonstrate beat frequencies in an electrical circuit, let 
us refer to Fig. 4. Here two AC generators are shown, each loaded 
with. an individual inductance. Generator A is delivering its cur- 
rent through inductance L1 and generator B is working into induc- 
tance L2. L1 is inductively coupled to L3 and L2 is inductively 
coupled to L4. Then, to complete these secondary circuits, L3 and 
L4 are placed in series and primary coil L5 is connected across both 

1 
In addition to the difference in frequency, there will also be another current 

or voltage produced equal to the sum of the two original frequencies. In practical ap- 
plications, this sum frequency is seldom used; so it will be disregarded in explanations 
to follow. 

6 



1 

Ls and L.. The resultant voltage output from the combination is 

developed across the secondary Le. 

Figs Circuit to com- 
bine the output voltages 
of two generators oper- 
ating at different fre- 
quencies. 

9 

For explanation, let us assume that the voltage output of gen- 
erator A has a frequency. of 11 cycles per second and the output of 
generator B is 9 cycles per second. Sine waves representing the 
two separate voltages are shown at A and B in Fig. 5. Whereas it 

is not absolutely essential for the amplitudes of the tiro voltages 
to be exactly the same, for explanation, we are assuming that this 

condition is true.. In Fig. 5, a dotted'line L -L' is extended down 
the left side of the drawing. This indicates that the two generators 
are started at the same time and ii phase with each other.Since 
generator A is running slightly faster than generator B, when gen- 
erator A has completed about 21 cycles, it is completely out of phase 
with generator B. This instant is indicated by the vertical dotted 
line N.W. Now let us refer to curve C which is drawn directly be- 
neath the sine waves illustrating the voltage output of the two gen- 

erators: The positive alternation of the first cycle of C is shown 
to be quite high in amplitude. This high amplitude is determined 
by the addition of A and Bat that instant. Since they'were started 
in phase with each other, their voltages on the first positive al- 
ternation will naturally add to a value closely approaching the ex- 
act sum.. The first negative alternation in Cis not as high in amp- 
litude as the first. positive alternation, bedanse in the short time 
that has elapsed, generator A has moved slightly ahead of B; hence, 
the negative alternations of A and B are not as near in phase with 
each other. Likewise, the positive alternation on the second cycle 
of C is lower in value than the positive alternation of the first 
cycle. The reason for the decrease is the same as before; that is, 

a greater phase difference exists between A and B. The negative 

alternation of' the second cycle at C is shown to be considerably 
less.and the next positive alternation is practically zero. A com- 
plete cancellation of the two voltages occurs immediately following 
the third positive alternation. Also, the phase of the resultant 
voltage C is reversed 180°'at this instant which accounts for the 

two positive alternations without the intervening negative alterna- 
tion. After the. complete cancellation, generator A is moving far- 
ther ahead of generator B and therefore is coming back into phase 
again. The -fourth, fifth and sixth positive alternations'at C are 

shown to be rising in amplitude (negative amplitudes likewise rise) 
and when the -instant is reached as designated by the vertical -dotted 
line N- N', the two generators are again in phase with each other and 
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(A) 

Fig.5 A Sine-wave output of 11-cycle machine. 
8 Sine-wave output of 9-cycle machine. 
C 

cycles. 
(D) 

Resultant voltage 

Beat frequency (2 

obtained from A and 

cycles) secured when 

B. 

C 

This is 10 

is applied 
to a non-linear device such as a detector. 

adding together to produce the second high positive peak. 
The entire action then repeats itself; that is, the two gen- 

erators become completely out of phase at 0-0', then back into phase 
at P -P' on the right side of the drawing. Throughout the entire 
11 cycles of A and 9 cycles of B, it will be noticed that the am- 
plitude of C has been decreased and increased twice. The amplitude 
variation of C is shown as a solid line at D, Fig. 5. D represents 
the beat frequency produced by the 9 and 11 -cycle generators. The 
beat frequency exists as an amplitude variation of the resultant 
voltage changes (C); therefore, in electrical circuits, the result- 
ant voltage C must be applied to a non-linear device, such as a 
detector, to secure the beat frequency. 
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There are 10 cycles in the resultant voltages at C is Fig. 4. 
These 10 cycles are produced because it is the average between the 
9 and 11 cycle generators. It should be understood that the beat 
frequency is not the. average frequency produced when two voltages 
are beat against each other, but rather is the amplitude or cyclic 
variation of the average frequency, to secure the beat frequency, 
it is necessary to demodulate the average frequency:* In a super- 
heterodyne receiver, this takes place in the first detector stage. 

1 In Fig. 4, then, the actual voltage output across the terminals 
of L. will have a frequency numerically equal to 10 cycles, but 
will vary in amplitude at a 2 -cycle rate. Should this voltage be 
demodulated, the resultant beat frequency of 2 cycles would be ob- 

i 

tained from the combination of the 9 and 11 -cycle voltages. 
Whereas this example deals. with low frequencies, it could just 

as well represent A.F. or R.F. voltages of any frequency. For ex- 
ample, suppose that generator A were producing a frequency of 1100 
kc. and generator B producing 900 kc. These two R.F. voltages would 

' periodically reinforce, then cancel each other the same as shown at 
C, Fig. 5, except that it would occur 200,000 times a second and thus 
the beat frequency produced (after detecting) would be the difference 
frequency of 200 kc. 

Two radio frequencies could likewise be beat against each other 
to produce an audio frequency; for example, if one generator is set 
to 1,000 kc. and the other to 1,001 kc., the beat note produced would 
be 1 kc. or 1,000 cycles, which is an audio frequency. Commercial 
beat -frequency audio oscillators operate on this principle. 

'(B1. Beat frequencies Produced When One Stlnal ti lodulated and 
the Other Unaodulated. The explanation just given is not a complete 
picture of the action that really takes place' in a superheterodyne 
receiver. As stated previously, the signal from the R.F. amplifier 
into the first detector is modulated, whereas that from the oscil- 
lator is unmodulated. The process of mixing these two: signals in 
the first detector circuitis very similar to thabjust described 
except that the modulation introduces an additional consideration. 

A graphical analysis of the conditions existing at high radio 
frequencies with one signal modulated is rather impractical, so we 
shall assume values to convey the necessary information. At Ala 
Fig. 6, three cycles representing a 400 -cycle A.F, voltage are mho. 
This 400 -cycle note is then modulated on a 1250 kc. carrier wave 
and the resultant signal appears as shown at B. Let us assume that 
a signal voltage of this nature is delivered to the input of the 
first detector from the R.F. amplifier. At C in Fig. 6,the 1,500 

=modulated odnlated R. F. signal from the local oscillator is shown. (this 
is mixed (heterodyned) in the input circuit of the first detector 
with the modulated signal shown at B. The modulated R F. signal 
has a frequency 250 kc. lower than that of the oscillator.. The beat 
or intermediate frequency as produced in the plate circuit will 'then 
be 250 kc. this l.P. st#nal uoltate viltbe modulated indirect ac - 

1 
Due to 180o phase shift at points of cancellation, the 10 cycles are determined by counting the alternations (20), then dividing by 2. 

The human ear has a non-linear response. Thus, it Is capable of detecting the beet frequency produced by two sound waves. 
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(a) 400 -cycle A.F. voltage. 

P. Al 

(B) 1250-kc modulated R.F. signal. 
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cordance wtth the 400 -cycle modulatton ort¡tnally impressed on the 

1250 kc. carrier. The actual waveform of the average voltage pro- 
duced when the modulated and unmodulated signals are mixed together 
is extremely complex and beyond representation or analysis by graph- 
ical means. It should be visualized, however, that the average fre- 
quency of 1375 kc. [(1250 + 1500) _ 21 actually varies in amplitude 
at a rate of 250 kc. per second; this is the same as shown at C in 
Fig. 5 where the average of 10 cycles varied in amplitude at a rate 
of 2 c.p.s. The 250 kc. beat frequency then varies in amplitude at 
the rate of 400 c.p.s., which is the frequency of the audio modula- 
tion. 

While discussing the operation of the first detector tube, it 

is well to point out that various frequency components are produced 
in its plate circuit. Five of them are sufficiently important to 
bear recognition. First, there will be plate current variations 
produced by the modulated R.F. signal voltage. Then, the second 
component will be those plate current variations resulting from the 
steady oscillator voltage. Third, there will be the average of 
these two frequencies (the modulated and unmodulated signals), then 
as the fourth component, there will be plate current variations in 
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accordance with the difference between the two frequencies and, 
fifth, another equal in numerical value to the sum of the two fre- 
quencies. With all these plate current components, it appears upon 
first glance that it might be difficult to select the one desired; 
that is, the beat or difference frequency. This is easily done, 
however, by the use of a parallel tuned circuit as the plate load im- 
pedance. This parallel resonant circuit is tuned exactly to the 
beat frequency (difference between the unmodulated and modulated 
signal voltages), so an oscillating current is established in the 

tuned plate load at that frequency. All other components of the 
plate current variations are lost in the plate circuit because there 
is no appreciable load on the tube at these frequencies. The stu- 
dent should recall from previous explanations that the amount of 
voltage amplification depends largely upon the magnitude of the plate 
load impedance; hence, tf the plate ctrcutt is loaded only at the 

beat or tntermedtate frequency, then only that component of the plate 
current will be amplified to any appreciable extent. The other com- 
ponents merely pass through the low impedance of the parallel tuned 
circuit and return to the cathode. 

4. IMAGE FREQUENCY INTERFERENCE. The problem of image fre- 
quencies in superheterodyne receivers is one of no little consequence. 
Unless provision is made in the design of areceiver, image frequen- 
cies will be responsible for peculiar reception conditions. Let us 
explain what is meant by the phrase "image frequency". To produce 
the intermediate or beat frequency in a superheterodyne receiver, 
it is necessary to adjust the oscillator frequency to a value dif- 
ferent than that of the incoming signal. The oscillator frequency 
may be made greater or less than the frequency of the incoming sig- 
nal. For example, suppose it is desired to receive a broadcast 
station operating on 800 kc. and that the intermediate frequency 
of the receiver is 175 kc. To produce the I.F. of 175 kc., the os- 
cillator frequency may be set to 975 kc., or to 625 kc. In either 
case, it differs from the incoming signal by 175 kc., so the proper 
I.F. will be produced in the plate circuit of the mixer stage. 

Let us first assume that the oscillator frequency is set to 

975 kc. (above the frequency of the incoming signal) to produce the 

I.F. of 175 kc. The 800 kc. station will then be received as dé - 
sired. If the signal from a broadcast station operating on 1150 
kc. is also reaching the grid circuit of the first detector stage, 
then that signal will beat against the oscillator frecuency and 
produce an I.F. of 175 kc. Under these conditions, not only will 
the 800 kc. station be received, but also the station operating on 
1150 kc., since both frequencies beat against the 975 kc. oscilla- 
tor to produce the I.F. of the receiver. The 800 kc. station is 
the one to which the receiver is tuned, but since the 1150 kc. sta- 
tion is also being received, it is called the "image frequency sig- 
nal". It is quite necessary that some means be provided in the de- 
sign of the receiver to exclude this image frequency from the first 
detector circuit. 

'If the oscillator frequency had been placed 175 kc. below the 
frequency of the desired signal, a similar condition would exist. 
Again, assuming the desired signal to be 800 kc. and the I.F. 175 
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kc., then to receive the station, the local oscillator would be set 
to 625 kc. If a signal from a government, aeronautical or marine 
station operating on 450 kc. is also permitted to reach the first 
detector, it will beat against the oscillator and produce the 175 
kc. I.F., the same as the desired signal. Both stations will then 
be heard in the output and the 450 kc. signal is called the "image 
frequency". 

First 
Detector 

I.F. 

Amplifier 

Oscillator 

Fig.7 Antenna connect- 
ed directly to the grid 
of the first detector. 
Image frequency interfer- 
ence is certain to occur. 

Fig. 7 shows a resistance input circuit with the antenna con- 
nected directly to the grid of the first detector. With this de- 
sign, all antenna signals, desired and undesired, are applied di- 
rectly to the first detector and image frequency interference is 

certain to result. A preselector or R.F. amplifier inserted be- 
tween the antenna and first detector is the most effective means of 
suppressing image frequency interference. A single R.F. stage will 
generally do the job quite efficiently, because if its grid circuit 
is tuned to the frequency of the desired station, the signal from 
an "image" station will certainly be excluded or at least diminished 
greatly in strength. If the "image" signal happens to be a strong 
local station, difficulties are apt to be encountered even though 
this R.F. stage is employed. Suppose for example that the desired 
signal is very weak in the antenna and that the local station which 
is apt to cause image -frequency interference induces a strong an- 
tenna voltage. Even if the R.F. amplifying stage increases the 
strength of the desired signal and at the same time reduces the 
strength of the local image station, both of them may reach the 
grid circuit of the first detector with practically the same strength 
and beat against the oscillator frequency to produce the I.F. In 
such a case, a parallel resonant circuit, known as a "wave trap", 
should be tuned to the local station and connected in series with 
the antenna lead so as to diminish its strength into the R.F. amp- 
lifier. This is shown in Fig. 8. 

Some manufacturers employ a series of tuned circuits known as 
a "preselector" between the antenna and first detector input to pre- 
vent image frequency interference. A preselector satisfactory for 
this purpose is shown in Fig. 9. Such a unit ay or many not be en- 
tirely successful in eliminating image frequency signals over the 
complete tuning range, depending upon the locality in which the re- 
ceiver is used. It has been determined that to satisfactorily erad- 
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irate image frequency interference, the strength of the image fre- 
quency signal should be less than .1% of the desired signal. When 
this signal ratio is maintained,' there is little doubt that the 
maps .frequency signal willbe entirely excluded from the' I.F. 
lifter: _. 

a 

' 

. 

l' ,r,I r r 

F .- 

Fig., AithaenncolcttInseriese the 
trap 1.1C1 connected 

retard the passage of a strong local 
station. 

Superheterodyne receivers with a separate dial for tuning the 
oscillator have long, been obsolete. In all modern sets, the oscil- 
lator tuning condenser is ganged on the same assembly' with the con, 
denser used for tuning the R.F.- and first detector grid circuits. 
An image frequency signal can, therefore, appear at nearly any set- 
ting of the tuning dial. The exact difference between the frequen- 
cy of the'dial setting and the tame frequency can, be. determined 
from the I.F. used in the design of the receiver. The image-fre- 

quaaay Will'alwsys be found to differ from the getting of the tun- 
ing dial by an amount equal to exactly twice the intermediate fre-, 
guano[,. This image signal is alway's above the dial setting in mod- 
ern superheterodynes, because the oscillator frequency is always 
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Fig.f A fou.r-circuit 
preselector. 
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- nade higher than the frequency of the inooming'sigmal. For example, 
assume that the dial reading is 600 ho. and that the intermediate 
arced in the set is 275 ko: To receive the 600 hc. station,- it is 

fl necessary for the oscillator to be set at 8j he. and the image 
frequency os the upper side of the oscillator frequency which could 
also produoe an I.F. of 275 is equal to 87 + 275 or 1150 to. This 

tames frequency is seen to be above the dial setting by an amount 
equal to twice the I.F. ; that is, 2 x 275 = 550. Then, 550''+ 600 - 
1150 he. 
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At the high -frequency end of the broadcast band, the image fre- 
queñeies fall in the amateur and police bands. Thus unless effeo- 
tively suppressed, it is possible to receive such stations when the 
receiver is tuned for high -frequency broadcast stations. For exam- 
ple, if the tuning dial is set to 1500 ka. and the I.F. of the set 
is 460 kc., then a police station operating.on 2420 ko..could pro- 
duce an image signal. The frequency of the image signal is deter- 
mined by adding twice the I.F. to.the dial setting; that is, 460 x 

2 = 920;1 1500 + 920 =2420 kc. 
The use of a high intermediate frequeney'is particularly' ef= 

feetive in reducing image frequency interference throughout the en- 
tire broadcast band. It will be found that most manufacturers em- 
ploy''an intermediate frequency in the neighborhood of 460 kc. at 
the present time. Using a value this high for the I.F., it is seen 
that the iajority'of signals which could canse image frequency' in- 
terference are well above the, broadcast band. Most of the -amateur 
and police radio signals are somewhat weaker than those of broad 
casting stations; hence, unless the receiver,is used in b locality 
close to one of these stations, they are not so apt to cause inter- 
ference. 

First 
Detector 

e 1.r. 
ca amplifier 
cs 

Oscillator 

Fig.10 Antenna signal 
coupled to the grid of 
the first detector through 
a single tuned circuit. 

Quite s number of the smaller superheterodynes and even some 
Of the larger models available on the market today do not employ 
an R.F. amplifying stage ahead of the first detector for image fre- 
quency suppression.. Often, only a single tuned circuit is used as 
shown.in Fig. 10. Most of these.'receivers, however, are designed 
in such a manner that only under unusual.00nditiona will any ex- 
treme, ennsatisfactory.interference arise. They all use a high I.F. 
e nd are sometimes provided with an extensive input -tuning circuit 
of .such design that its off -channel selectivity is sufficient to 
suppress ordinary image frequency 'signals. These sets also use an 
I.F. that' is not evenly' divisible by' 1O, -such as465, 456, 462.5, 
etc. Intermediate frequencies of these values do. not coincide ex- 
actly with a possible image 'frequency signal in the broadcast band, 
because all broadcast stations are separated by 10 Ito. Thus, if a 
462.5 ke. intermediate is used, a possible image frequency' signal 
mould be 925 kc. above the dial setting. If the dial i's'eet to 550 
ka., then the image frequency' falls át 1475 kc. There is no'radio 
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station operating on exactly this frequency; however,. if a strong 
local station on 1470 or 1480 kc. is present,the image interference 
is -apt to still occur. 

Another source of image interference is known as "intermodula- 
tion.interference". This'is caused by two undesired signals, whose 
frequencies differ by exactly the I.F.., beating against each other 
in the antenna circuit and producing an intermediate frequency on 
which is impressed the modulation of both the strong stations. If 
no R.F. amplifier or preselector is employed, it is possible for 
this dual -modulated beat frequency to pass through the first de- 
tector and into the I.F. amplifier. Both these stations will then 
be heard in conjunction with the station to which the receiver is 
tuned. The. output from the loudspeaker under these conditions will 
be unintelligible. 

Harmonic frequencies produced by the oscillator in a superhet- 
erodyne are also apt to be the source of image frequency interfer- 
ence. Prior to this time, we have assumed that the oscillator is 
generating only the single frequency to which it is tuned; however, 
all vacuum tube oscillators produce some harmonic content in their 
output. These oscillator harmonics may beat against ahigh-frequen- 
cy station in the antenna circuit and thus produce the I.F. of the 
set and cause interference. 

Suppose, for example, that a receiver using an I.F. of 260 kc. 
is tuned to 900 kc. The oscillator is tuned to 1160 kc. at the same 
time so as to beat against the 900 kc. station end prodnce the mod- 
ulated I.F. of 260 kc. The second harmonic -of the oscillator is 
2 x 1160 -or 2120 kc. Any signal in the antenna differing from .2320 
kc. by' 260 kc. and sufficiently strong to pass through the preselec- 
tor or R.F. amplifier will produce a beat frequency against the os- 
cillator's second harmonic and thus cause image frequency interfer- 
ence. Aircraft, commercial, and police stations operate along in 
this band; thus, if there is a station situated locally operating 
on a frequency of 2060 kc. or 2580 kc., this station could be heard 
from the speaker along with the regular broadcast_ station to which 
the receiver is tuned. 

Another source of interference which, at first thought, may 
be attributed to image frequencies is that resulting from local 
code stations operating on frequencies below 500 kc. These aré 
generally aircraft -beacon or marine stations, some of which possess 
fairly high power.. If it so happens that the fundamental frequency 
on which a code station is operating is exactly equal to the I.F. 
of the superheterodyne, it is possible for that signal to feed di- 
rectly through the circuits and reach the I.F. amplifier without 
.beating against any other signal. In such a case, the local code 
station would be heard in conjunction with the regular broadcast 
station. This, obviously, is not an image frequency problem, so 
the most effective way to suppress it is to place a parallel tuned 
circuit directly in series with the antenna lead to the receiver, 
the circuit tuned exactly to the I.F. of the receiver. Some man- 
ufacturers incorporate such a tuned circuit in the design of the 
set. It is connected' internally between the antenna post and the 
primary of the first R.F. transformer.. It is commonly known as a 
"wave trap" and is very beneficial in some localities. 
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5. THE PRESELRC!'OR OR R.F. AMPLIFIER: .Having learned the ne- 
cessity for a selective circuit between the antenna and the input 
to the first detector stage, let us investigate the design require- 
ments for this portion of a superheterodyne receiver. 

A typical input circuit is shown in Fig. 11. Here, a single 
screen -grid R.F. amplifying stage is used, transformer coupled into 
the -first detector. A screen -grid or pentode tube should be used 
because it does not need to be neutralized and a high voltage gain 
will be secured.. The greater the voltage amplification obtained 
at the frequency of the desired signal, the less the possibility 
for -image frequency interference. The adjacent channel selectivity 
of the R.F. amplifier is not so important, because after the,'de- 
sired signal is beat against the oscillator, the selectivity pro- 
vided by the permanently tuned I:F, amplifier is sufficient to ex- 

- clude those signals operating on adjacent channels. 

3 -Gang Condenser Assembly 

/R . 'Amp. First Detector 

fig.ti Diagram of typ- 
ical R.F. amplifying stage 
as used between the anten- 
na and first detector. 

In"those receivers where an R.F..amplifying stage is not used, 
wave traps or preselector units are generally employed to decrease 
the strength -of the image frequency signal on the mixer grid. A 
four -circuit preselector unit was shown in Fig. 9. Since the .de- 
sired signal passes through four tuned circuits before reaching, the 
grid of the mixer tube, it'will no doubt be considerably' stronger 
than any image frequency signal which might be successful in pass- 
ing through. The 'operation óf the preselector unit shown. in Fig. 
9 was thoroughly discussed in Lesson 24. 

Another wave trap circuit is shown in Fig. 12. Here coil L1 
is in series with the antenna lead to the primary Le of the first 
R.F. transformer. The resonant circuit L:C1 is placed in inductive 
relationship with L1. This is commonly known as an "absorption" 
wave trap because it absorbs energy from the antenna circuit at the 
frequency to which it is tuned. L,C1 is always tuned to the fre- 
quency of the image signal and thus reduces the image frequency our - 
rent through the primary Le. If only one strong local station is 
causing interference, then L:C1 could be permanently tuned to that, 
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:station- and no further adjustment is required. However, if the receiver leased in .a,orotded locality and images are encountered at various points throughout.the-tuning range, Cl should be ganged 

t / . J,J .,_ 
Mixer 

.1 

": Fi0.t2 Absorption wave 
.. trap. Sometimes used to 

prevent image frequencies. - 
1_ 

on 'the tuning oondenser assembly so. as to maintain the resonant fré=- '- gummy -of the wave trap exactly at the image frequency as the tun- ing dial is rotated. L,Ci should be adjusted to twice the interne. " diets frequency above the resonant fregeency.of L.C:, then properly aligned so as to track with L.C,, maintaining this same frequency difference over the entire dial. Some manufacturers incorporate such a variable image suppressor -in the design of the set. 
°` 6. 111E maw". The purpose of the oscillator in s eéper-- heterodyne is to generate an undamped. high -frequency voltage to be best against the incoming signal in the first detector or bixera . stage. Several requirements are placed on an oscillator if it is_ to be satisfactory for thispurpose. ,They may be enumerated as: folloirs: 

Constant frequency output: 
Mast generate a voltage It least la times greater 

. s . than the strongest modulated R.F. signal fed to the first detector. 
Low harmonic content. - r= 

: Must be well shielded. _ ' _ , ", Designed so as to couple into the first detector } in such a manner that its frequency is not,affeo- ted by the incoming Rd% signal. 

Let us thoroughly analyse each of the above requirements in .their respective order,, 

(1) When the oscillator is set-to a certain value so ad to beat against the modulated signal and produce the correct I.F. it ,' should remain oonstantlyst that vales ád not drift above or below '.daring the reception -period. If the frequency of the oscillator drifts even Z or 3 be. either side of its dorrect value, then the intermediate frequency produced will not be exactly that to which the I.F. amplifier is tuned and the resultant receiver performance 

17' 



is unsatisfactory, as evidenced by poor tone quality and lowered 
sensitivity.' "Frequency drift"of the oscillator must be -prevented 
because the receiver' performance depends entirely upon the prodno- 
tion of the correct I.F. signal.- Stable oscillator circuits must 
be used and high quality parts employed throughout in order to sat- 
isfy this demand. 

(2) Another requirement of the oscillator's output is that it 
be constant in amplitude over the tuning range of the receiver. 
'The ratio of the oscillator's voltage to the modulated signal volt- 
age largely determines the strength of the I.F. signal produced in 
the plate circuit of the first detector. The oscillator voltage is 
always stronger than the modulated signal by approximately 10 times 
for best results when using grid -bias detection in the first detec- 
tor stage. Should, the oscillator voltage output be greater than - 
this, the distortion content in the generated I.F. signal will in- 
crease and should it fall below -this approximate value, the I.F. 
will be very weak. 'Since it is so important to maintain the proper 
oscillator voltage, it follows that the oscillator should produce 
the same voltage output at the low frequency end of the tuning range 
as at the high -frequency end, as well as at all intermediate fre- 
quencies. A variation in oscillator output voltage greater thaml in 
a 11:1 ratio over the entire tuning range is considered unsatisfac- 
tory and will not be tolerated by good design -engineers. 

(1) The harmonic content in the output of the.oscillator should 
be low to,prevent the possibility of image frequency interference. 
This point -was covered under previous discussion in this lesson. 

(4) If the oscillator circuit is not well shielded, it, is 
probable that the high -frequency signal will be radiated over a suf- 
ficient distance to cause interferencein nearby receivers. 

(5) Feeding the'oscillator signal' into the mixer circuit. has 
long- been a serious problem confronting design engineers. With the 
oscillator operating at. a frequency' different from the modulated 
R.F. signal, the two signals have' a strong tendency' to interact 
with each other in the mixer stage. The oscillator voltage tends 
to feed into the circuits tuned to the modulated signal frequency 
and, as expected, the modulated signal. tends to feed into the os- 
cillator circuit. Interactions'of'this nature produce a tendency 
toward frequency drift and generally causa the inoorreet I.F.'to 
be generated. Innumerable methods have been employed for mixing 
these two signals to produce the I.F., but not until the recent 
development of a special mixer tube has the problem beeñ conquered 
satisfactorily without the objectionable circuit interaction. Since. 

these older mixing methods are continually encountered in service 
work, several of them will be discussed in the following para- 
graphs. 

7. TYPICAL OSCILLATOR CIRCUITS. Any vacuum tube oscillator 
circuit which will satisfactorily fulfill the preceding requirements 
may be used as the local oscillatot in a superheterodyne receiver. 
Several typical circuits are illustrated and explained in the-fol-. 
lowing discussion. 
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Fig. is -shows an oscilllator circuit very similar to,the oonveñ- 
tional Hartley oscillator as discussed in Lesson 23. The main dif- 
ference is that the plate of the tube is operated at R.F. ground po- 
tential so as to permit the rotor plates of the variable tuning con- 
denser to be gronnded:K The oscillating circuit consists 'of L1C1 

To 
Mixer. 

Fig .1; .Revised Hartley 
oscillator circuit for a 
superheterodyne receiver. 

and the feedback energy -from the plate to the oscillating -circuit 
is supplied through Ca. Grid bias is secured by the voltage drop 
produced across the grid -leak -resistance R1 when grid -current flows 
through it. 

-A conventional feedback type oscillator is 'shows in Fig.14. 
Hen the oscillating circuit consists of Le and C1 with the plate 
feedback coil Ls serving to return sufficient R.F. energy to the 
grid circuit to maintain oscillations. Again,, the grid ,bias is 
secured by the volts"drop across the grid -leak resistance. and. 
the R.F. output of the oscillator is inductively coupled into the 
mixer tube's circuit by mutual induction between L: end L1. In 
actual construction, the . three coils, L1, L: and Ls ,are Mound on 
the sane ,coil firm. 

back9oscillatoracircuit 
as used in superhetero- 
dynes. 

_i 
ti , 

r 

3 `'.The two oscillator circuits shown in Figs. 1; -and 14 must be 

1:1 
id so as to produce aa.output voltage that is above the-fre- 
of the incoming signal by an amount equal to the 1.F. De- 

' .creasing. either the,maximom inductance or capacity permits a higher 
j 7.frequency range'to.be covered, but unless given consideration, the 

rite of frequency change in the oscillator circuit will not coincide 
. o ,'track" with. the rate of change in the other tuned circuits. 
Ordinarily, fewer plates are used for the oscillator condenser and. 
they are aleo.shaped differently so as to "track" with the incoming 

1 sisal. "Tracking" in a superheterodyne means the maintenance of 
an equal. frequency difference between the oscillator and incoming 
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signal over the entire tuning range of the receiver. Perfect track- 

ing between the oscillator and incoming signal is very necessary if 

the correct intermediate frequency is to be produced at each setting 
of the tuning dial. Since this is such an important point in the 

design of a superheterodyne, it is well to investigate the two 

tracking methods ordinarily used. 

1st 
Detector / 

320 

micron.jp 7T35 

1500 kc. 

1175 kc. at 

350 mmfd. 

mmfd 

Ganged 

Oscillator / 

'/ 

Fig.15 

} circuits 
ferent frequencies 

35 mmfd ing the 

Two resonant 
tuned to dif- 

us- 
same size tun- 

260 
micron. 

ing condensersbutdif- 
ferent size tuning 

1675 kc. coils. These circuits 
525 kc. at will not track proper- 
350 mmfd. 

ly. 

In Fig. 15, two tuned circuits are shown, the one at A repre- 
senting the grid circuit of the first detector and the other the 
oscillator tuned circuit. The first detector grid circuit must 
be tuned to the frequency of the desired modulated signal and the 
oscillator must be maintained above this by 175 kc. (assuming the 
I.F. to be 175 kc.). Let us assume that the same size condenser 
is to be used for tuning each of these resonant circuits, the min- 
imum capacity of which is 35 mmfd. and the maximum capacity, 350 
mmfd. Since the highest frequency to be received is 1500 kc., a 

320-microhenry coil will be necessary with the 35-mmfd. condenser 
to produce resonance at this frequency in the first detector grid 
circuit. Then, in order to tune the oscillator to 175 kc. above 
this, the inductance across the oscillator tuning condenser must 
be 260 microhenries. (These are approximate values.) Thus, at 

the high -frequency end of the dial, the oscillator will be aligned 
or "tracked" properly with the incoming signal and will produce 
the correct I.F. Now when the tuning condensers are both adjusted 
for maximum capacity (350 mmfd.) and the inductance values unchanged, 
the frequency of the first detector grid circuit will be approxi- 
mately 475 kc. and that of the oscillator will be about 525 kc. 
This is a difference of only 50 kc.; so the tracking is by no means 
accurate. An I.F. of 50 kc. will be produced at the lower end of 
the tuning range instead of the correct value of 175. This is il- 
lustrated by the graph shown in Fig. 16. Curve C on the graph il- 
lustrates the variation of frequency with the capacity change in 
the first detector grid circuit. Curve B illustrates the change 
in frequency that would occur in the oscillator tuned circuit if 
the condenser plates were of exactly the same size and shape. It 
will be noted that these two curves, B and C, are separated by 175 
kc. only at the high -frequency end of the tuning range and gradual- 
ly converge as the tuning capacity is increased. 

This is unsatisfactory because the correct intermediate fre- 
quency is not produced over the complete tuning range of the re - 
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oeiver. To correct thin condition, the oscillator n for plates 
are generally wade different in shape as. shown in Fig. 17. By ad- 
justing the taper of the oscillator rotor plates, -it is possible 
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Fig:16 Graph to illus- 
trate the difference in 600 
the tracking of unshaped 
and shaped oscillator 
plates. 

400 

Ói! 
ó 

ED E 
=OM OLEO 

ED ó E 
E 
II MELEE 
DEED 

m°Ó =EMILIO 
wo E 87 Liu m ao,* E HE 
K,.o E o 0 E ° ID E 

1J 

i°::-e :i °LJ .e 

° ° 
0 
ó0ó,0 ̀

 ° ÓÓ°°óóóóó L1J m b i: 
EDE =RE ' .l0m 

.1--L12;7; 

prop 
,aPo m 4, ow DEED 

LF'. 
. 

.°p 
_. 

' 

175 KC. Mg"8.Pc. 
o -111J00 

E 

QT00 mn0 
LJLJ mm:eazgmE .~ 

DOE ° EEO= Erna 

ó°°óm óó° ó °m°E 
o 

35 CAPACITY It MWD. 

Curve A - Shaped 0sc. Plates 
Curve I - Unshaped Osc. Plates 
Curve C - 1st Detector 

160 

525 

475 

350 

to maintain a frequency difference of exactly 175 ko. as the tuning 
dial is rotated from minimum to maximum capacity. The output fre- 
gaency from the oscillator would then track as shown by curve A on 
the graph in Pia. 16. This method of tracking the oscillator with 
the frequency of the incoming signal has been used in commercial 
receivers to a great extent. With properly designed oscillator 

F,Ig.17 Illustrating how 
the rotor plates of the os- 
cillator tuning condenser 
are made smaller and have 
a different taper than the 
preselector¡lates, 

Detector. 

0scillatora ``_` V`"t_ -'s . 
4-4,2'.; Tot, '.I- .J 

} 

rotor plates, it is only.necessary to align the oscillator fregñen- 
ay at the high end of the tuning range, then accurate tracking'will 
be maintained throughout the lower frequency end of the dial. 

An alternative method- of tracking the oscillator employs the 
use of a separate tracking condenser in the oscillator circuit. - 
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When a tracking oondenser'is used, the oscillator tuning conden- 

ser is made exactly the same size as the -other variable condensers 

on the ganged assembly and has exactly the, same shaped, .rotor plates. 

To compensate for the tendency of. the, oscillator frequency to serge 

with the frequency of the first detector grid circuit, a high-cepao- 

ity condenser is placed in series frith the oscillator tuned circuit. 

In some cases this high -capacity tracking condenser is made variable 

and in others it is fixed, with asmall trimmer connected across it 
for alignment purposes. 

To 
Mixer 

ts 

of 

'LI 

Ganlled Condensers - _ 
/ 

-R.F. .1st 
juttp. T Det. 

Fig.1a Typical oscil- 
lator tracking circuit 
in which the tuning con- 
denser C1 may he the same 
as those used to tune the 
R.F. amplifier and first 
detector circuits. 

A typical Oscillator circuit using this method of tracking is 
shown in Fig. 18. Rare Cl is the tuning condenser for the oscil- 

lator and is ganged on the assembly with the first detector and R.F. 

amplifier tuning condensers. All three of them are exactly -the 

same size and have the same shape plates. The tracking or "pad- 

ding11 condenser ia'this circuit consists of the series fixed. con- 

denser C:. Depending upon the size of Ce, the inductance La may, be 

made the same as the inductance used in the other tuned circuits, 
or it may be of a smaller value. In Fig. 18, the main tuning ,con- 

denser C1 has the snail trimmer Cs connected in parallel with it so 

.ss to permit alignment of the oscillator frequency at the high -fre- 

quency end of the tuning range. For. a low -frequency adjustment, 

the trimmer condenser C is connected across the padding condenser 
Ce. Generally; the trimmer Cs is adjusted when the receiver dial 

is tuned to 1400 kc. and the trimmer C4 -adjusted when the receiver 
dial is tuned to 600 kc. By Raking these two adjustments, one at" 

the. high -frequency end and the other at the low -frequency end, per- 
fect tracking of the oscillator with the frequency of the incoming 
signal is assured throughout the entire tuning range. 

'The circuit diagram of a Radiola 80 receiver, showá in Fig. 19, 

illustrates this method of oscillator tracking. The condenser Cs 
is the main tuning condenser for the oscillator and C. is the series 

padding condenser. Both of these condensers are connected across 
the oscillator inductance Le. The small trimmer Cois the low -fre- 
quency (600 kc.) adjustment on the oscillator and the small trimmer 

1 A padding -condenser is another word frequently used for a *tracking* condsn-' 
ser. Both mean -the some. 
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C;e adjusts the oscillator frequency' to the proper valve at thm high 
frequency end of the tuning range (1400 kc.). The oscillator tube 
is a type 227 and is connected in a conventional inductive feedback 
circuit. The three coils, La, L. and L, are all wound on the same 
coil fora and are therefore in inductive relationship with each other. 
By this inductive coupling, the oscillator output is fed into the 
first detector grid circuit. The incoming signal is coupled into 
the first detector grid circuit through the capacity C11..' The tun- 
ing condensers on the ganged assembly are all the same ,size and 
have the same shape plates. The high -inductance antenna coil L, 
coil L1 and coil L, are all wound on the same form. L and L1 are 
-in close inductive relationship with each other, then L, is placed 
on the form in such a position that it is in inductive relationship 
with L1. Thus, the signal is transferred from the antenna into the 
grid circuit of the first R.F. amplifier through the link circuit. 
This link circuit merely serves as a preselector to assist in the 
prevention of image frequency interference. It is tuned to the same 
frequency as the R.F. amplifier and first detector. Grid bias on 
the oscillator tube is developed by the flow of grid current through 
the grid leak R,. Since all oscillators have a tendency to develop 
a greater. output voltage át the high -frequency end of the tuning 
range, the resistor R1 is placed in series between the coupling con- 
denser. CI, and the grid of the oscillator tube. This resistor main- 
taint a fairly constant grid exciting voltage as the reactance -of 
Ca: decreases at the higher frequencies. The oscillator output 
voltage and the receiver's sensitivity are thus kept nearly constant 
over the tuning range. 

To 
Mixer 

Grunow - 700 

Fig.20 Oscillator cir- 
cuit used i.p Grunow 700 
receiver. 

The I. F. in the Radiola 80 is 175 kc., so the oscillator fre- 
quency must be maintained 175 kc. above the frequency .of the incom- 
ing signal. There -will be additional discussion on this circuit 
in. later paragraphs of this lesson. 

Another commercial oscillator circuit is show in Fig. 20. 
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This is the oscillator stage in a'Grunow Model 700 receiver. In 
this circuit, the oscillator tuning condenser is Cs with the small 
trier C" shunted across it for alignment purposes. The padding 
condenser is the 825 mmfd.condenser Cs and a slight adjustment on 
this capacity is provided by trier C. The feedback in this cir- 
cuit occurs from the plate of the oscillator tube through Ls and Cs 
into the resonant grid circuit. The output of the oscillator is 
inductively coupled to L, which in turn is connected to the cathode 
of the mixer tube. 

8. 'NE FIRST DETECTOR OR NIIER STAGE. The mixer stage in a 
superheterodyne is always operated as a detector; hence, it is of- 
ten called the "first detector". Square law or linear detection 
may be employed, both having advantages which will be discussed.. 
The grid -bias method of detection is always used in aodern receiv- 
ers so there is no necessity for introducing grid -leak detector 
circuits. 

' A grid -bias, square law detector is one which operates entirely 
over the curved portion of the grid voltage -plate current chamo- 
teristic curve and is intended primarily for the reception of weak 
signals. When used as the first detector in a superheterodyne, a 
square law detector gives satisfactory results if the oscillator 
voltage is maintained approximately' 10 times the average strength 
of the incoming signal. The beat frequency (I.F.) outwit from a 
square law detector depends upon the product of the strength of 
the oscillator voltage and the strength of the incoming signal 
voltage. Thus, it is desirable to feed an oscillator voltage as 
strong as possible into the first detector circuit in order to 
secure a greater I.F. output. The limiting factor in this respect 
is the point at which the grid of the tube is driven positive 
which, of course, results in the flow of grid current and distor- 
tion of the I.F. signal. A square law detector is generally'oper- 
ated at a low plate voltage and low grid bias, 'so the oscillator 
output voltage cannot attain a very high value without producing 
a grid current flow. Because of these conditions, it is not pos- 
sible to secure an appreciable I.F. voltage output from a square 
law detector, even though it may be operated under ideal condi- 
tions. Nigh voltaje lain, however, is secured through a 'square 
law first detector when extremely weak signals are being received. 
Therefore it is sore adaptable to short-wave receivers, rather than 
those designed for 'broadcast: reception. An advantage possessed by 
a square law detector is that the harmonic content of the I.F. pro- 
duced in the plate circuit is extremely low. 

A linear (power) detector is more satisfactory for mixer tube 
operation in a superheterodyne receiver designed for broadcast re- 
ception. A linear detector, of course, is operated order conditions 
of higher plate voltage and higher grid bias and thus permits the 
application of stronger input signals without driving the grid posi- 
tive.' The maximum I.F. output will be secured from a linear detec- 
tor when the oscillator voltage and mooning signal voltage .are 
approximately equal in value. Under these conditions, however, the 
harmonic content of the I.F. signal produced in the plate circuit 
is extremely'strong sad serious interference in the form of audio 
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beat notes or whistles may occur. Even though these harmonies are 
present in the plate circuit of the mixer tube, the I.F. or beat 

frequency will be produced as usual and fed into the I.F. amplifier, 
the harmonics being excluded by the tuned plate load. These har- 

monics, however, are objectionable, in that they are apt to feed 
beck to the input circuit of the first detector or into the R.F. 

amplifier and produce.beat notes with low -frequency incoming sig- 
nails. Thus, if the intermediate frequency' is 260 kilocycles and 
a strong third harmonic is produced in the first detector plate 
circuit, it is possible for this harmonic signal of 780 kc. to feed 
beak to the input circuit and beat against an incoming signal from 
a broadcast station operating on 780 kc., When two R.F. signals 
close to the same frequency are beat against each other, an audio 
note or whistle is produced. This audio note will cross -modulate 
onto the carrier to which the receiver is tuned and result in a 

. continuous, low-pitched whistle from the speaker.. 
To reduce the harmonic content in the output of a linear de- 

tector, it is necessary that the oscillator signal be at least 10 
times stronger than the incoming signal. When the oscillator vol- . 

tage is this high, the harmonic frequencies of the I.F. signal are 
too'weak to feed back to the input of the first detector or R.F. 
stage.and produce beat notes. 

The performance of a linear detector is different than that 
of a square law detector in that the maximum I.F. signal voltage 
is produced by' a linear detector when the oscillator and incoming 
signal voltages are approximately equal in strength. As the oscil- 
lator voltage is made greater than the incoming signal, the strength 
of the I.F.'signal produced in the. plate circuit decreases; there- 
fore, when the oscillator voltage is increased to prevent the pro- 
duction of I.F. harmonics, at the same time a sacrifice is made in 
the receiver's sensitivity. 

Modern .receivers nearly' always employ a super -control screen - 
grid ,or pentode tube, in the mixer or first detector stage.. When 
using this type of tube, operation comparable to square law deteo- 
tion'is obtained when receiving weak signals;. then' upon tuning in 
a strong local signal, the grid -bias voltage is increased (by' the 
volume control) which canses the tube to perform as a linear de- 
tector. In this manner, a strong local station'is prevented from 
driving the grid positive and at the same time increased sensi- 
tivity' is obtained when receiving weak signals. 

The method that is used to couple the output of the oscillator 
into the first detector circuit is one of great importance. These 
two signals must be mixed with a *minimum of reaction on the oscil- 
lator frequency. Several methods of coupling the oscillator are 
shown in the following figures. 

In Fig. 21, the output of the oscillator is shown coupled in- 
to the'cathode circuit of the first detector.. This is one of the 
most commonly used methods. The incoming modulated R.F. signal is 
fed into the tuned grid circuit L,C,;lhence, the modulated R.F. 
voltages developed across this resonant circuit vary the instants, - 
MOUE potential difference between the grid and cathode of the tube 
and thus affects the plate current. The oscillator output voltage 
is inductively coupled from Ls into the cathode coil L: and thus 
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varies the instantaneous potential between cathode and ground, 
which likewise affects the plate current. In this manner, the 

Fig.21 oscillator volt- 
age fed into the first de- 
tector through inductive 
coupling with. the cathode 
coil. 

plate current of the' first detector tube is controlled by both sig- 
nals. they are mixed together and, since the tube is operated as 
a detector, the I.F. signal will be produced in. the tuned plate 
circuit.. Grid bias is secured on the first detector tube. by the 
passage of plate current through R,. 

ageimixed directlfyorin othe 
tuned rid circuit of the 
first, detector. 

Cy 

oscillator 

lit 
tector. 

Cs 

In Fig. 22, another method of introducing the oscillator'vol- 
tage into the first detector circuit'is shown. This method is not 
as satisfactory as that shown in Fig. 21 because it is easily pos- 
sible for the incoming signal to change the oscillator frequency. 
The oscillator output is inductively coupled into L,, which is a 
portion of the tuned grid circuit. The incoming signal is intro- 
duced into L,, so the voltages developed across this resonant grid 
circuit are determined by both the incoming R.F. signal and the 
oscillator signal. 'Coils L, 'and L, are tuned by C, to the fre- 
quency of the incoming signal. As C, is' rotatedtoadjust the fre- 
quency of the grid circuit, a reflection of impedance -is very like-. 
]y' to occur from Le into Ls, thus changing the frequency of the 
oscillator sad producing unsatisfactory results. " 

A widely used method of,coupling the oscillator into the mixer 
circuit is shown in Fig. 28. Here a resistance and capacity ate 
connected from the grid of the mixer tube to the ungrounded end of 
the oscillator resonant circuit. The R.F.output of the oscillator 
is fed through this series combination to the grid of the first 
detector and affects the plate current the sale as the modulated 
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signal voltage developed across L2C1. The small coupling condenser 
Crand the high resistance 'bassist in maintaining a constant vol- 
tage on the first detector grid from the local oscillator as the 

Incomin 

Signal 

Oscillator 

Fig.23 Oscillator volt- age fed to the first de- tector grid through a ser- ies resistance -capacity ar- rangement. 

frequency of the oscillator is changed. It should be recalled 
that the variation of oscillator voltage output should not exceed 
a ratio of 3:1 over the tuning ranee. 

Oscillator b 7.9 

Fig.24 Oscillator volt- age inductively coupled in- to the tuned grid circuit of the first detector. 

Another coupling circuit used in some of the earlier super - 
heterodynes is shown in Fig. 24. The oscillator coil L5 is placed 
in inductive relationship with the grid coil L2. L2 is also in 
inductive relationship with 14%, from which it receives the incoming 
modulated R.F. signal. All three of these coils are generally 
wound on the same form and the complete assembly shielded to pre- 
vent the radiation of energy. The model 80 Radiola receiver, shown 
in Fig. 19, uses this method of coupling. The oscillator voltage may also be introduced into the mixer 
tube circuit, as shown in Fig. 25 when a four or five -element tube 
is used. The output of the oscillator is delivered into the screen - 
grid circuit. The screen -grid potential is varied in accordance 
with the oscillator output and since the incoming signal is applied 
directly to the control grid of the tube, both voltages will affect 
the plate current and the modulated I.F. voltage is produced in the 
plate circuit. In this type of circuit, the voltage output from 
the oscillator must be greater than in those circuits previously 
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shown. .Before, the oscillator voltage, has been introduced into 
the control grid or cathode circuit where the fall amplification 
of the tube is obtained. The transconductance fro. screen -grid to 
plate is muchless than the Sm from oontrol.arid to plate,,. so the 

Incas e .r Signal c. 7 fá.á.d1 r} 
FIg.2S. The incoming 4: 

signal Is applied to C= - Oscillator 
the control grid and 6t 
the oscillator voltage - 
is applied to the screen 
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cy Is produced in the '4 . N _ i plate circuit. ,..Tit ,.,:,, - T- 

oscillator'voltage must be greater when applied'to,the screen grid 
if the conventional 10:1 ratio is to be maintained. If s pentode 
tube is used as the first detector, the oscillator output may be 
'introduced into either the screen -grid or suppressor -grid circuit, 
but in either case, it must be a high voltage. 
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Another oscillator -first' detector -arrangement 'arrangement that . ig ignite 
.popular in auto and midget reosivers is shown in Fig. 26. This 
type of circuit is generally known es an "autodyne" detector-oscil- 4 

later combination. Here a type 24 screen -grid tube serves as the 
first detector, as the mixer, and as the oscillator tube. This is 
eh exact circuit diagram of"the antodyne detector -oscillator stage 
in s Philco model 51 receiver. The intermediate frequency is 175 
ko. A pentode tube may also be used in this same type of circuit. 

In Fig. 26, the oscillator tuned'circuit consists of the in- 
ductance L. and the tuning condenser C4. C4 is on the ganged 
assembly with the variable condensers which tune the grid circuit 
of the first detector and the preseleetor. It has the same sise 
and same .shape plates. C. is the. series padding condenser used 
for tracking the -.oscillator; C. is the high - frequency slignient 
trimmer and C, is the low -frequency truer. The late' of the 
type 24 detector -oscillator tube is coupled to'the oscillator tuned 
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circuit both inductively and capacitively. The inductive coupling 
exists between Ls and L4. The condenser Cs is so'high in value 
that its reactance to the oscillator frequency is negligible. The 
capacity coupling between the plate of the detector -oscillator tube 
and the oscillator tuned circuit exists by way of condenser Cs. Cs 
is serving primarily as a padding condenser in the oscillator cir- 
euit; however, the R.F. voltages generated by the tube (considering 
its operation as an oscillator) must pass not only through Cs and 
Ls, but also Cs in order to return to ground and then back to the 
cathode. Upon .passing through Ca, R.F. voltages are developed 
across its reactance and the oscillator tuned circuit is excited. 

When an oscillating current is established in L.C., by mutual 
induction there will be a corresponding voltage induced in Ls. Ls 
is connected in the cathode circuit; hence, the plate current is 
varied by this induced voltage. The plate, current variations are 
then fed back into the oscillating circuit through the inductive 
and capacitive coupling provided by Ls and Cs. Considering proper 
values chosen throughout the design of the circuit, there will be 
sufficient feedback from the plate circuit into the cathode cir- 
cuit to maintain undamped oscillations in L.C..' 

Simultaneously with the operation of the type 24 tube as an 
oscillator, it is also operating as a detector because of the high 
cathode bias voltage developed across Rs. The incoming signal 
voltage is applied to the control grid of the tube from LMC,. 
Since both the incoming signal voltage and the oscillator voltage 
are changing the plate current, these two signals are mixed to- 
gether aid the intermediate frequency is produced in the plate cir- 
cuit. 

At first glance, it may appear as though the plate circuit of 
this tube is not tuned to the intermediate frequency. Closer in- 
spection, however, reveals that Cs, Ls, Cs, and Cs. are connected 
across the plate inductance Ls. First of all, Ls is so small that 
it.has a negligible reactance at the intermediate frequency so its 
presence is immaterial. Also, the plate by-pass condenser Cs. is 
sufficiently high in value that its reactance my be disregarded. 
%ere remains, then; the condensers Cs and Cs connected across the 
plate circuit inductance Le. Since Cs is fixed in value, Cs is ad- 
justed until the resonant circuit Cs, Cs, Ls is tuned exactly to 
the intermediate frequency of 175 kc. When this adjustment is 
made, the plate circuit of the detector -oscillator tribe is properly 
tuned and the I.F. current passing through Ls will be transferred 
by mutual induction into the grid circuit of the first I.F. ampli- 
fier. 

From this discussion, it is apparent that a single tube is 
performing a multitude of operations and that the total number of 
parts used for converting the incoming signal to the intermediate 
frequency is at a minimum. This provides for cheaper production 
and a more compact arrangement of the receiver. For these reasons, 

voltages applied between cathode and ground In any vacuum tube affect the plate 
current the same u voltages applied between the grid and ground; hence, the cathode is always considered to be a portion of the input circuit and voltages applied thereto pro- duce plate current changes. 
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ansutodyne frequency changer of this design is quite popular in 
auto and midget receivers. Due to the close association between 
the oscillator, incoming signal and I.F. currents, it is probable 
that there will be circuit interactions which tend to change the 
oscillator frequency. -This is especially true when a screen -grid 
tube is used, but is somewhat overcome in a pentode due to its re- 
duced interelectrode capacities. 

Detector -oscillator tubes used in autodyne circuits have -a 
tendency to stop oscillating when the cathode emission becdmes low. 
It is very essential that the tube have avert' high transconductance 
to maintain operation.- Decreased cathode emission causes the trans - 
conductance of any tube to drop; therefore, should' the. occasion 
arise to locate trouble in this type of frequency converter circuit, 
a defective tube should be the first suspect. Even upon inserting 
a new tube, it is sometimes -found that the oscillator will still 
not operate. This is simply because the new tube's characteristics 
are such that it will not function properly in the delicate cir- 
cuit. It may be that several new tubes will have to be tried until 
one is found that does not possess the slight defect which pre- 
vents oscillation. Stubborn cases can sometimes be remedied by 
reducing the size of the cathode biasing resistance R,. Reducing 
this resistance to about two-thirds its'former value will allow'the 
transconductance and amplification factor of the tube to increase. 
Care should be taken, however, not to reduce its value too inch, 
because the operating point -maybe shifted to the straight portion 
of the Eº-Ip characteristic and detection will not take place.. 

- Because of the delicate performance, characteristic of a screen 
grid detector -oscillator tube, a newer tube has been introduced, 
known as a pentagrid converter. This type of.tube has two separate 
sections in one envelope, a triode and a pentode. The triode sec- 
tion is used to generate the oscillator voltage and the pentode 
section serves as a mixer and first detector. Thus.the advantage 
of using.the single tube and a minimum of parts is acquired with- 
out the difficulty of extremely sensitive operation. Among ;mute - 
grid converter tubes designed for' this. purpose are the 2A7, 106, 
6A7, 1A6, 6A8;. etc. Their operation will be discussed. in Lesson 
30 of this unit. 

Even pentagrid converter tubes are found to possess certain 
disadvantages when used for the reception of ultrarhigh frequency' 
signals in all -wave receivers. In most of the modern, all -wave 
superheterodynes a special type of mixer tube (such as'the 6L7) 
is used as the first detector. A separate oscillator must be used 
with this special Mixer tube since it only performs the function 
of mixing the oscillator awl -incoming signals to produce the I.F. 
voltage in the plate circuit. 

9. I.F. AMPLIFIERS, The sensitivity, selectivity and fidelity 
characteristics of a superheterodyne receiver depend largely on 
the design of the I.F. amplifier. Conversion of the incoming sig- 
nal to the intermediate frequency has been done solely for the pur- 
pose of making -these advantageous characteristics. possible. 

The I.F. amplifier is permanently tuned to one frequency. In 
all broadcast receivers, the I.F. is below 500 ke. When the mans - 
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facturer selects the intermediate frequency, his choice is governed 
by several factors. If a low intermediate frequency is used, that 

is, below 250 kc., it will be possible to obtain a high amplifi- 

cation per stage, since stray coupling (capacity and magnetic) 

throughout the circuit is at a minimum. This permits the use of 

a high plate load impedance in each plate circuit with the resul- 

tant high voltage gain. On the other hand, alow intermediate fre- 
quency is undesirable from the standpoint of image frequency inter- 

ference. A station likely to cause image frequency interference 

is then closer to the desired signal, so the off -channel selecti- 

vity of the preselector or R.F. amplifier must be much improved. 

Good fidelity or tone quality is also more difficult to secure 

when the intermediate frequency is low. This is because the care- 

fully tuned I.F. circuits will not easily permit the passage of a 

band of frequencies 10 or 20 kc. wide when it is adjusted to a fun- 

damental resonant frequency below 200 kc. 

A high intermediate frequency, that is, between 400 and 500 

kc., is advantageous in preventing image frequency interference 

and also in securing the 10 to 20 kc. band-pass through the I.F. 

amplifier necessary for high-fidelity reproduction. Raising the 

intermediate frequency to this value, however, does not permit as 

much voltage amplification per stage because of the increased ten- 

dency toward instability due to stray inductive and capacitive 

coupling. The use of highly efficient I.F. transformers greatly 
compensates for this latter disadvantage. 

Considering all requirements, an intermediate frequency between 

450 kc. and 480 kc. is quite satisfactory and is used in most modern 

receivers. With intermediate frequencies in this range, stations 

that could cause an image frequency signal are placed between 900 

and 1,000 kc. away from the desired signal, making it unnecessary 

for the preselector or R.F. amplifier to possess extremely good 

off -channel selectivity. In fact, many modern superheterodynes 
eliminate the use of an R.F. stage by merely using a high inter- 

mediate frequency. The fidelity of reproduction can also be made 

much better with a high -frequency I.F. amplifier. For example, if 

it is permanently tuned to 460 kc., then with practically no sac- 

rifice of voltage amplification, the resonant frequency of the 

various tuned circuits can be adjusted to permit a band of fre- 

quencies 10 or 20 kc. wide to pass through. This is necessary for 

good tone quality- because the sideband frequencies which accompany 

all modulated signals must not be attenuated. If a 10,000 -cycle 

audio note is modulated on an I.F. of 460 kc., then the upper side - 

band has a frequency of 470 kc. and the lower sideband 460 kc. To 

properly reproduce this 10,000 -cycle audio note, it is necessary 

for the carrier and both sidebands to reach the second detector, 

so the characteristics of the I.F. amplifier must be such that the 

passage of a band of frequencies 20 kc. wide is allowed; that is, 

from 450 to 470 kc. 
A typical one -stage I.F. amplifier using a pentode tube is 

shown in Fig. 27. The first detector plate circuit is tuned by 

the resonant circuit L1C1 to the intermediate frequency desired. 

Through transformer coupling, the I.F. signal is fed into the grid 

circuit of the pentode I.F. amplifier. L,C2 is tuned to exactly 
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the same frequency as L,C,. Bear in rind that these resonant cir- 
cuits are not changed when the inceming.signal is tuned; their 
original adjustment is a servicing operation. The parallel tuned 
circuit L.C. is the plate load impedance for the. pentode I.F. am- 
plifier. When it is tuned to resonance, a very high impedance 

f load is presented to the plate of the tube. Sinos all screen -grid 
and pentode tubes have a high plate resistance, the high impedance 
load makes it possible.to obtain a.high voltage gain from the stage. 
Amplification of from 100 to 250 times is possible through a single - 
stage I.F. amplifier. This is about four or five times, as such 
amplification as could be obtained if the same type tube were used 
as an amplifier of radio -frequency voltages from 1,000 to 1,500 ko.. 

The amplified I.F. voltage produced across LsCs is trsnsfbrmer 
coupled to LsCs (both circuits permanently tuned). This may be the 
grid circuit of a second I.F. amplifier or the second detector. . 

The design of the I.F. coupling transformers is of paramount 
importance. Three I.F. transformers, each slightly_ different, are 
shown in Fig. 5. The I.F. transformer. at A has the primary and 
secondary windings persanently fixed and each is tuned by a small 
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aios, compression -type condenser. The two windings are. on a wooden 
dowel in the center of the transformer and 'permanently separated 
about one inch.- The two mica tuning condensers are located on the 
top, of the transformer.ássembly, directly beneath thé top ,of the 
shield can. Small holes. in the shield permit the insertion of an 
insulated screwdriver- or hexagon -shaped wrench for 'adjusting the 
primary and secondary circuits. The three leads protruding from 
the bottom of the shield can are for B+, plate,, and. ground. The 
lead fros'the top connects to the grid of the I,F. amplifier. 

The I.F. transformer shown at B is provided with a means of 
varying the inductance of the two coils so as to tune,the circuits 
to resonance. The two small fixed condensers on the left side of 
the shield can are connected across the primary and secondary wind- 
ings respectively.. A finely divided iron core is fitted into each 
of them. The positions of the cores asy be adjusted by slot headed 
¡craws protruding from the top of the shield can. Changing the 
position of the iron cores causes enough,inductance.change to tune 
the circuits to resonance. A variable inductance gives a smoother 
change'through resonance than a variable -capacity. 

The I.F. transformer shown at C in Fig. Z9.has the 'primary 
and'secondary windings péraanently fixed and each 'is tuned with a 
small air - dielectric condenser. Air dielectric condensers ate 
more satisfactory than the aiáa type, due to the lower dielectric 
losses' exhibited by air. Also hlnidity and temperature changes do 
not affect air -dielectric tuning condensers to a noticeable degree. 

An I.F. transforser wherein the coupling between the primary 
and secondary windings is variable is shown at A in Fig. 29. The 

n 

(A) 
3f 

Selectivity .1 465 4c t... Mee .OMOe 
. A - 5.Iu11.. C....n..M,...y,i / 11 

C -AWIr 

primary 
11 

and secondary 
Modern 

lis.variablerwer 
wherein the.coupliny,beteeen 

(B Graph to show the selectivity ata65 kc, whenthe I.F. 
transformer.at A is used between two 6D6 I.F. amplifying stapes. 



two coils are closer together than in the. three transformers shown 
in Fig. 28, 'but are. placed at right angles to each other and 
the lower coil is arranged on a track whereby its distance relative 
to the upper coil can be changed. Each winding is tuned by small' 
mica condenser. The characteristics of this transformer are illus- 
trated by the graph at B in Fig. 29. When the greatest selectivity 
is desired, the two coils are moved far apart; this reduces the 
voltage gain at the same time. Curve A on the graph shows the 
selectivity when the two windings are adjusted for selective coup- 
ling and under this condition, a gain of approximately 111 times 
can be secured with a type 6D6 tube as the I.F. amplifier. Curve 
B on the graph is obtained when the two windings are moved slight- 
ly closer together, giving the optimum coupling value. The selec- 
tivity is thus decreased slightly, but the gain rises to a value 
in the vicinity of .250. This represents the most desirable coup- 
ling unless the transformer is to be adjusted for high-fidelity 
reception. Moving the two coils extremely close together gives 
maximum coupling, the characteristics of which are illustrated by 
curve C. Then, the gain is decreased slightly, but the band width 
has been broadened to permit equal amplification of a band of fre- 
quencies approximately 20 kc. wide. In high-fidelity receivers,. 
the I.F. transformers are adjusted to this condition.. 

When an I.F. amplifier is adjusted for high-fidelity reception, 
it is quite possible that an adjacent channel station 10 or 20 ko. 
away from the desired station will also pass through the I.F. ampli- 
fier to cause interference. This is especially true when tle broad- 
ly -tuned receiver is used for distant reception. The result is 
very annoying, since reproduction from the speaker consists mainly 
of garbled and unintelligible speech together with beat notes or 
whistles. The expression often used to describe this type of inter- 
ference produced by a broadly tuned I.F. amplifier is "monkey -chat- 
ter". For distant reception, the I.F. amplifier should be made 
selective so as to prevent this adjacent channel interference. 
Most modern receivers that are designed for high-fidelity reception 
have a control knob on the front panel to change the characteris- 
tics of the I.F. amplifier from "selective" to "fidelity" for dis- 
tant and local reception, respectively. 

The first I.F. transformer, which couples from the first de- 
tector into the grid circuit of the first I.F. amplifier, is al- 
ways adjusted by the manufacturer for maximum selectivity character- 
istics. This is to prevent those adjacent channel stations which 
are heterodyned (beat) by the oscillator to a frequency 10 kc. away 
from the I.F. from passing 'into the I.F. amplifier circuit. A 
single, selective transformer in this first position will not sup- 
press the sidebands of the desired station if the remaining tuned 
circuits in the I.F. amplifier are properly adjusted for band-pass 
characteristics. To improve the selectivity of this first I.F. 
transformer, some :manufacturers place a copper shield ring between 
the fixed primary and secondary windings. If the primary and sec- 
ondary coupling is variable, the copper ring is not necessary. The 
copper ring has the effect of decreasing the mutual inductance be- 
tween the two coils, because of the obstruction it offers to the 
magnetic lines of force. It will be noticed that on the diagram 
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of the RCA Radiola in Fig. 19, this copper shield is indicated be- 

tween the primary and secondary windings of the first I.F. trans- 

former. 

10. THE SECOND DETECTOR AND A.F. AMPLIFIER. There is no need 

for a detailed discussion on this portion of a superheterodyne re- 

ceiver because it is similar in all respects to the detector and 

A.F. amplifier employed in T.R.F. receivers. Prior to the renewed 

use of diode detection, the second detector was generally of the. 

grid -bias type. The purpose of the second detector is to remove 

the audio modulation on the I.F. signal. Following the second de- 

tector, a conventional A.F. amplifier is employed which in turn 

drives the loudspeaker. 

11. ADVANTAGES AND DISADVANTAGES OF THE SUPERHETERODYNE RE- 

CEIVER. Amplification is secured in a superheterodyne receiver 

from a source which cannot be duplicated in a T.R.F. receiver. 

When the oscillator is beat against the incoming signal to reduce 

the modulated carrier to the intermediate frequency, the strength 

of the I.F. signal depends not only upon the strength of the in- 

coming broadcast signal, but also upon the oscillator voltage. By 

using a strong oscillator voltage, a definite voltage gain is se- 

cured through this frequency conversion process. 

It is possible to obtain more uniform amplification over the 

tuning range with a superheterodyne receiver than with aT.R.F. re- 

ceiver because the major portion of the amplification takes place 

at a fixed frequency in the superheterodyne; namely, the inter- 

mediate frequency. In the T.R.F. receiver, amplification is ob- 

tained at the frequency of the incoming signal which is continuous- 

ly variable from 550 to 1600 kc. in a broadcast receiver. 

Since most of the amplification occurs at a fixed frequency in 

a superheterodyne and since this fixed frequency is below 500 kc., 

it is possible to obtain an amplification extremely high without 

sacrificing fidelity. 
Also, since the majority of the amplification is secured at 

a low fixed frequency, it is possible to design the I.F. amplifier 

so that selectivity and amplification are available with minimum 

sideband attenuation and reduction of tone quality. As mentioned, 

quite a number of the modern receivers are equipped with a selec- 

tivity -fidelity control to adjust the I.F. amplifier response to 

optimum conditions. 
During the frequency conversion in a superheterodyne, greater 

selectivity is automatically secured. This is because both the 

desired and undesired signals are reduced to a lower frequency 

when heterodyned with the local oscillator. Since they are still 

10 kc. apart at the lower (beat) frequency, the interfering sta- 

tion is a lesser percentage of the desired station, thus making it 

possible for the tuned resonant circuits to exclude the undesired 

signal more easily. Suppose that a station operating on 990 kc, 

is interfering with a desired signal of 1,000 kc. At their own 

frequencies, the interfering station is 99% of the desired station. 

Assuming the intermediate frequency of the set to be 260 kc., when 

the local oscillator is set to 1260, the 1,000-kc. station will be 
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redioed.to the correct value of 260 ko.'and the interfering statics 
will be reduced to 270 ho. .By. calculation, the interfering fregnen- 
or is now found to be -only'.96% of the, desired frequency. Thus, the 
'selectivity of the superheterodyne is aatosaticall,'improved.. In 
this example .it shouldbe noted that the lower the intermediate 
frsqueácy,the greater will be the improved selectivity due to.the 
frequency oonvervion Process. 

The snperhat:rodyna is far superior to a I`: R.F. receiver -for 
all -wave reception bc_zuse cf the practical impossibilities of de- 
signing a sufficient number of'eascade T.R.F. amplifying stages to 
produce highsensitivity end selectivity without beoosing extremely 
unstable. 

' Rather than erringly jeopardise the T.R.F. receiver, however, 
it should be stated that it is possible to obtain the equivalent 
selectivity, sensitivity, and fidelity in a T.R.F.' receiver as in 
e superheterodyne. Bat, such a .T.R.F. receiver would require a 
greater umber .of tubes and more elaborate circuit design than a 
.superheterodyne and would, therefore, be such Pore expensive to' 
give the same performance. 'The T.R.F. receiver would also be more. 
unstable because it contains sent' Wore continuously variable tuned 
circuits. A,snperheterodyne receiver, of course, has as many or 
more tuned circuits oospared to a T. R. F.'recelver, but all those 
contained in thillj.F. amplifier are permanently tuned end only the 
oscillator fir{ detector, and R.F. grid circuit need be tuned 
by the variabi »1 "'red -condenser assembly. 

An advant's+.i ssesaad by the T.R.F.' receiver aver the super- 
heterodyne is ttint is not bothered with image frequency inter- 
ference. Only adj .lent channel selectivity is taken into considers-. 
tion in the design of a T.R.F. amplifier, whereas,in a supsrhetero- 
dyne receiver,precaution must be taken against image frequency 
reception. Also the presence of a local oscillator in'the super- 
heterodyne causes miscellaneous harmonic frequencies to be produced 
which are apt to beat against other broadcasting stations, thuá 
producing annoying whistles or beat notes. The absence of the 
local oscillator in the T. R.F.'receiver eliminates the possibility 
of this type of interference. 

The advantages of a superheterodyne receiver more than- cos 
pensate for its disadvantages, this being definitely proved by 
their increased popularity since about 1930. 

In' Lesson 30 of this unit, we shall oontinue the 'stub' of 
seperrheterodyne receivers in conjunction with -the design and use 
of multi -element tubes. 
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IN 1866.... 

An employee left a good job in the United States Patent 
Office. He thought EVERYTHING HAD BEEN INVENTED! 

Wait! Don't laugh at him.... 
He simply had no foresight! 

The difference between YOU, 
TODAY, and that man above, 
is: 

He had no°faith in the future. 
YOU HAVE which is why 
you're training with Midland. 

They laughed at this man who quit on the threshold of 
development. 

No one is going to laugh at you 
You have FORESIGHT and FAITH IN THE FUTURE! 

Copyright 1942 

By 

Midland Radio h Television 
Schools, Inc. 

PRINTED IN U.S.A. 

KANSAS CITY. MO. 



Lesson Twenty -Eight 

AUDIO 
POWER 

AMPLIFIERS 

M.U.P.O. 
+Y=K 

"Audio power amplifiers 

are specific types of audio - 

frequency amplifiers that we 

studied in Lesson 19. The demand 

for better tone quality and greater 
volume has made it necessary to develop 

these special A.F. amplifying circuits and al 

A.F. power tubes. 
"In this lesson, you will find these ci 

scribed thoroughly. I am sure you will have 

use the knowledge gained from this lesson." 

a- 
47 . 

r 

so to design special 

rcuits and tubes de - 
many opportunities to 

1. NEED FOR A POWER TUBE. In all the vacuum tube circuits 

so far studied, the primary objective has been to secure as much 

distortionless voltage amplification as possible. Voltage ampli- 

fication means the magnitude of the output voltages across the plate 

circuit of a vacuum tube relative to the input voltages applied to 

the grid circuit. Formulas have been given for calculating the 

amount of voltage amplification, and various operating conditions 

have been specified which are necessary to secure an undistorted 

voltage across the plate circuit. 
As we shall find in the following lesson, not only audio vol- 

tages, but also audio currents are necessary to operate the loud- 

speaker of a receiving set. In other words, aloudspeaker requires 
the application of audio power to produce the sound waves. The 

audio output of a voltage amplifier tube is not capable of supply- 

ing power to a loudspeaker, so it is necessary to employ a special 

type of tube (or tubes) in a properly designed circuit. The tube 

or tubes used for this purpose are called 'bower tubes" and the 

stage itself is called a "power amplifier". The voltage gain se- 

cured through avower amplifier stage is of little consequence, the 

main object being the production of A.F. power, which means not 

only voltage variations, but also a high amplitude of current changes 

through the plate circuit. 
All radio receivers employ a power amplifier stage and use 

power tubes to operate the loudspeaker; therefore, a detailed study 

of these subjects is extremely important. 
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2. POWER TUBE CONSTRUCTION. Since a power amplifier tube is 
used for an entirely different purpose than a voltage amplifier, 
it follows that the construction of the tube itself must differ to 
a great extent. In a voltage amplifier tube, an attempt is made 
to secure as high an amplification factor as pcssible and, at the 
same time, maintain the plate resistance of the tube at a figure 
as low as constructional features will permit. Tie resulting trans - 
conductance (found by taking the ratio of Mu to Rp) gives a figure 
of merit whereby amplifying tubes may be compared. To obtain these 
characteristics, the plate resistance of a voltage amplifier is 
generally so high that the plate current which flows at ordinary 
plate voltages is low. The plate resistance is high as a result 
of the tube construction necessary to maintain a high amplifica- 
tion factor. Another notable feature of typical voltage amplifier 
tubes is that only a low grid bias is needed to operate the tube 
on the straight portion of its grid voltage -plate current char- 
acteristic. 

The operating conditions and tube characteristics are entire- 
ly different in a power amplifier tube. A power amplifier tube 
will always be operated with a high plate voltage and high grid 
bias. A much greater plate current will also flow in the plate 
circuit. The amplification factor of a power amplifier tube is 
relatively low; the plate resistance low; and the transconductance 
quite high. These characteristics are all a result of the tube's 
construction. Power tubes are constructed with a large plate sur- 
face area, designed specifically to radiate the heat generated by 
the high plate current which normally flows. The plate of a power 
tube is located relatively close to the filament or cathode; hence, 
the plate resistance is reduced to a low value. The grid winding 
is generally spaced relatively far from the cathode and wound with 
open turns so as to reduce its effectiveness in controlling the 
plate current. Thus, the amplification factor of most power tubes 
is low. The transconductance resulting from the lower Mu and Rp 
is quite high in a power tube compared to a voltage amplifier. 

To facilitate quick reference to the characteristics of typical 
tubes, those of a type 56 (voltage amplifier) and a type 45 (power 
amplifier) are listed on the following page. 

In a later discussion, it will be found that the power output 
produced by a vacuum tube is inversely proportional to its plate 
resistance. Thus, it is desirable to maintain tha plate resistance 
at a low figure so as to obtain greater power efficiency from the 
tube's operation. Since the amplification factor of a power tube 
is also low, voltage amplification of the A.F. signal must be se- 
cured before it is applied to the power tube's grid. The A.F. vol- 
tage amplifier following the detector ís for the purpose of build- 
ing up the signal until it is of sufficient strength to properly 
swing the grids of the power tube. The power output secured from 

The 'grid swing' means the extent of the grid voltage variations. For example, 
if a tube had a zero grid bias and an AC signal voltage wereapplied which drove the grid from 25 volts negative to 25 volts positive, the 'grid swing' would be 50 volts. Like- wise, when bias is applied, the 'swing' still refers to the AC signal voltage as meas- ured from the peak of the positive to the peak of the negative alternation. 
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Type, 45 -1 - ' POWER AMPLIFIER Y) 

1' i;rb . r As Simile -Tube Cisrs A Awplaer r 

FILAMENT VOLTAGE (A. C.) _ 2.5 
PLATE' VOLTAGE 180 250 475.mer.L 

GRID VOLTAGE , -31.5 -50 -56 
PLATE CURRENT ' _ 31 34 36 , 

PLATE RESISTANCE 1650 1610 1700 
AMPLFICATION FACTOR 3.5 3.5 3.5 

' ! " M.nUAL COPDUCTANCE 1 e .s 14145 2175 2050 ' 

LOAD RESISTANCE . 4700 3900 4600 . 
R, -81A5 RESISTOR 

UNDISTORTED POWER OUTPUT. . 

1020 
0.845 

1470 
1 .6 

1550 
2.0 

H t.., * i ' ,, 

4,71. 

4¿ i_ 1 

Voló ir. ' " 
Volts ,,a,,. -, 

Vota 
Milliamperes 
Ohms 

1 

Microwaves, 
Ohms - . , , 
Ohms 1 

'taita 
11 

. f '- 
J 

I 1 .1'' 
c Type 56 T' DETECTOR; AMPLIFIER a 

i it . . 

1 

Volts' 

Volts an ' ! . ;LAOS 

Volts 
Milliamperes 
Ohms 

I 

Micromhos 

any power tube is proportional to the square of the grid exciting 

voltage, so it is desirable to apply as ºuch,input signal voltage 

as the grid bias will permit without driving the trid positive. 

In a type 45 power tube, the grid bias is 50 volts negetiVe (for 

250 volts on the plate); thus a signal voltage of high amplitude 

may be applied to its grid circuit without, overloading. To allow 

enough plate current to flow with this high grid bias, it is neo- 

essary. that the grid construction be such that -it is relhtively 

ineffective in controlling the plate current: Thus, the amplifi- 

cation factor of the power tube is reduced. 
It is impossible to operate a voltage amplifier tube, such as 

the type 56, as a power amplifier, because the plate resistance is 

relatively high, the plate current low aad the grid bias voltage 

low. Such a high plate resistance and low plate current peke it 

impossible to establish high amplitudes of current changes through 

the plate circuit;_ hence, the power output is not sufficient to 

.properly -operate h loudspeaker. Also, a high amplitude grid ex- 

citing voltage cannot be applied to its grid circuit"without uú - 

due overloading. 
For a vacuum tube to próduce power output; it must be especial- 

ly designed fbr the purpose. In its construction, some desirable 

features such as the amplification factor are. reduced, but this 

must be tolerated in view of the other important conditions' that 

have to `be satisfied' to efficiently operate the loudspeaker on a 

receivit set. 

1 - I[ C iARACTERIS11Cá _ I 

HEATER VOLTAGE (A., C. or D. C.)... + 2.5 , 

HEATER 

PLATE VOLTAGE 250 mix. ` 

Gimp VOLTAGE '-13.5 
PLATE CURRENT 5 

PLATE RESISTANCE 9500 
AMPLIFICATION FACTOR 13.8' 
MUTUAL CONDUCTANCE 1450 

. r. . - ., 



1. CLASSES OF AMPLIFIERS. The operation of a vacuum tube as 
an amplifier is diversified in that it may amplify A.F. voltages 
or R.F. voltages under widely different conditions. Vacuum tube 
amplifiers may be adapted to radio circuits in a number of different 
ways, depending upon the results to he achieved. To identify these 
different modes of operation, definite standards have been establish- 
ed by the Institute of Radio Engineers wherein amplifier circuits 
are divided broadly into three different classes. These are: Class 
A, Class B and Class C. The class of operation is based primarily 
upon the fraction of the input cycle during which plate current is 
permitted to flow under operating conditions. 

A Class A amplifier is an amplifier in which the grid bias and 
exciting grid voltages are adjusted to allow plate current to flow 
at all times. The ideal Class A amplifier is one in which the 
alternating component of the plate current is an exact reproduction 
of the waveform of the alternating grid voltage and the plate cur- 
rent flows during the entire 160 electrical degrees of the grid 
voltage cycle. A Class A amplifier is characterized by low effi- 
ciency and relatively low power output. Fig. 1 illustrates the 
conditions under which a Class A amplifier is operated. 

Ip 

Fig.1 Class A amplifi- 
er. The plate current 
flows through 360° of the 
grid exciting cycle. 

A Class B amplifier is an amplifier in which the grid bias 
is approximately equal to the cutoff value; that is, plate current 
is nearly zero under static conditions. When an exciting grid vol- 
tage is applied, the plate current flows during about one-half of 
each cycle. The ideal Class B amplifier is one in which the alter- 
nating component of the plate current is an exact reproduction of 
the alternating grid voltage for the half cycle when the grid is 
positive with respect to the bias voltage. Plate current flows 
during 180° of the grid exciting cycle. The characteristics of a 
Class B amplifier are medium efficiency and medium power output. 
A diagram illustrating the conditions under which a typical Class 
B amplifier operates is shown in Fig. 2. 

4 



A.Class C amplifier is an amplifier in which the grid bias is 
appreciably beyond the cutoff value, so that the plate current is 
zero when no exciting grid voltage is applied and so that the plate 

Ip 

FIg.2 Class a amplifi- 
er. The plate current 
flows through 11100 of the 
grid exciting cycle. 

current flows for appreciably less than one-half of each cycle of 
the grid exciting voltage. Class C amplification ipused when high 
plate circuit efficiency is a paramount requirement and where a de- 
parture from linearity between input and output is permissible. 
The characteristics of a Class C amplifier are high plate circuit 
efficiency and high power output. A diagram illustrating the con= 
ditions under which a Class C amplifier is operated is shown in 
Fig. 1. Class C amplifiers are never used as audio amplifiers. . 

Oftimes it is convenient to have other terms available so ás 
to identify amplifier services when tubes are operating under con- 
ditions intermediate to Class'A and Class B, or intermediate be- 
tween Class B and Class C. ' Such conditions are classified as Class 
AB and Class BC, respectively. Class AB amplifiers are those in 
which the grid bias and exciting grid voltages are such that the 
plate current flow is appreciably more than 180 electrical degrees, 
but less than 160 electrical degrees of the grid exciting cycle. 
This is sometimes called Class A prime operation. The character- 
istics of the Class AB amplifier are efficiency and power output 
intermediate to Class A and Class B amplifiers. The no -signal plate 
current and attendant plate 'dissipation may be made substantially 
less than is possible with Class A amplifiers. A Class BC amplifier 
is an amplifier in which the grid'bias and grid exciting voltage are 
such that the plate current flows -'during less than 180 electrical 
degrees, but for a longer portion"of the grid exciting cycle than 
in Glass C. The characteristics of'a Class BC'amplifier are effi- 
cisma and'power output intermediate to that of Class B and Class C 
amplifiers.' Class BC amplifiers are not in general use. .- 

These classifications of various amplifier services have been 
given primarily because it is necessary to definitely affirm the. 
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fact that all the power amplifier circuits (and calculations per- 
taining to these circuits) in this lesson are specifically for Class 
A operation. All types of amplifiers we have discussed in previous 

o 

) 
1 

Fig.3 Class C amplifi- 
er. The plate current 
flows only on the peaks 
of the grid exciting Cy- 
cle. 

lessons are Class A amplifiers. R.F. and I.F. amplifiers are opera- 
ted under Class A conditions and, likewise, all audio amplifiers 
studied in previous lessons were operated Class A. Of all the cir- 
cuits studied, the operation of a grid -bias detector is the only one 
which closely approaches Class B conditions. We shall later learn 
that an oscillator circuit, such as that described in Lesson 23, 
automatically adjusts itself for Class C operation. 

Since all single -ended power amplifiers are operated Class A, 
we shall now study in detail the design of these circuits and the 
method of calculating the audio power output. 

4. SINGLE -ENDED CLASS A POWER AMPLIFIERS. When a triode power 
amplifier is properly worked under Class A conditions, the harmon- 
ic distortion does not exceed 5% of the total power output. For 
tetrodes and pentodes in Class A circuits, the usual distortion 
percentage is from 7% to 10%. In all power amplifiers, the per- 
centageof total harmonic distortion in the A.F. power output should 
be kept below these values. They have been experimentally deter- 
mined as values beyond which the distortion is sufficiently notice- 
able to result in disagreeable reproduction from the loudspeaker. 
Fig. 4 shows a three -stage circuit consisting of a detector, an 
A.F. voltage amplifier and a power amplifier. A type 57 tube is 
used as the grid -bias detector and the audio voltage output pro- 
duced across the .25 meg plate coupling resistance is capacity 
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Detector A.F. Voltage amp. 

57 56 

`T1 

Power amp. 

CS 

250V. 

Fiq.0 Pentode detector followed by voltage amplifier, which in 
turn drives single-ended power amplifier. 

coupled into the grid circuit of the first A.F. amplifier. The 
type 56 tube is operated under conditions as specified by the manu- 
facturer and its amplified A.F. output is transformer coupled in- 
to the grid circuit of the 45 power amplifier tube. The purpose of 
this 56 voltage amplifier is to increase the amplitude of the vol- 
tage variations that are produced in the output of the detector so 

they will be of sufficient magnitude to properly excite the grid of 
the power amplifier tube. Since the grid bias on the 45 is approxi- 
mately -50 volts, the audio voltages developed across the secondary 
of the input transformer T, should not exceed this value. The audio 
voltage variations applied to the grid create corresponding current 
changes through the plate circuit. These current changes pass 
through the primary (RL) and are inductively coupled into the secon- 
dary where the audio currents pass through the windings of the loud- 
speaker and produce a vibration of its diaphragm. 

The actual load on the 45 power amplifier tube consists of not 
only the primary winding RL, but also the load presentee by the 
loudspeaker. The power taken from the plate circuit by the loud- 
speaker is pulled directly through the output transformer T2 by 
electromagnetic induction; hence, the speaker serves to load the 
plate circuit of the power amplifier, the same as the primary wind- 
ing RL. The total load impedance presented by the transformer and 
speaker must be of the proper value if the A.F. power output de- 
livered by the power tube is to be at its maximum undistorted value. 
From the table of characteristics for a type 45 tube, the recommended 
plate load impedance is seen to be 1900 ohms; hence, the transformer 
and loudspeaker must be designed to produce a load impedance of this 
value. Under proper load conditions and assuming maximum grid ex- 
citing voltage, the total audio power output which can be obtained 
from a type 45 tube is 1.6 watts. This amount of audio power is suf- 
ficient for average volume from a home receiver. 

The maximum power outout that can be obtained under adverse 

conditions from a type 45 tube is somewhat greater than 1.6 watts; 

however, the percentage of harmonic distortion will exceed 5%. 

Manufacturers always rate power tubes according to their ability 

to deliver maximum undistorted power output. When a greater amount 

of audio power is required than one tube can deliver, a different 

type of power stage is necessary or a larger power tube must be 
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used. It is possible to connect two type 45 tubes in a push-pull 
or parallel arrangement and thus secure a greater A.F. power with- 
out employing a higher B supply voltage. If a larger power tube, 
such as a 10 or'50, is used, a greater plate input -power is necessary 
and generally a higher grid exciting voltage,is required. 

5. CALCULATING A.F. POWER OUTPUT. Maximum power Output will 
always be delivered from a vacuum tube or any other voltage gen- 
erating device when the load impedance is exactly equal to its in- 
ternal resistance. This can be proved by the following example: 

I 

Total R = RD + RL Voltage Across RL = I x R i 

=.5W+.5W =6x.5 1 

= ill = 3 Volta. 4 

Total I = E + R power Delivered= =6T1 to, RL.=ExI 
=6 Amp. =lx6 

= 18 Watts. 

Fig.5 Simple resistance circuit to illustrate that maximum power 
output is secured when the load resistance equals the internal re- 
sistance of a generator. Chart on right shows calculations. 

Suppose that a six -volt battery having an internal resistance 
of .5 ohm is used to supply power into a load resistance. First, 
let the load resistance equal the internal resistance of the bat- 
tery; that is, .5 ohm. A diagram of the circuit is shown in Fig. 
5. Here, RD represents the internal.resistance of the battery and 
RL represents the load impedance. The total resistance in the cir- 
cuit equals the sum of RD and RL or 1 ohm. The current through 
the circuit is 6 amperes, so the voltage drop across RL is 3 volts. 
Using E x I, the power delivered to RL is found to be 18 watts. 

Now let us assume that the load resistance RL is made greater 
than the internal resistance of the battery. If it is increased 
to 1 ohm, then the conditions are as shown in Fig. 6. Increasing 
the value of RL to one ohm increases the total resistance in the 
circuit to 1.5 ohms. The total current then is decreased to 4 
amperes. The voltage across RL is 4 volts and the total power de - 

Total R = RD + RL 
= .5W+ 1W. 
= 1.5W. 

Total 1= E + .R 

= 6+ 1.5 
= a Amp. 

Voltage Across RL = I x R 
x 1 

- a Volts. 
Power Delivered 

to RL=ExI =axe 
= 16 Watts. 

F1 6 load resistance ade'twice the Internal resistance. Cal- culations on right show that the power output is .less. 
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Total R = RD + RI 
= .5 + .1 
_ .6w. 

Total I= E T R 

=6+.6 
=10Aloe. 

Voltage Across RL I x R 

= 10x.1 
= 1 Volt. 

Power Delivered toRL=Ext 
= 1 x 10 
= 10 Watts. 

Flg.7 Load resistance wade less than battery's internal resist- 
ance. Calculations on right show that power output is less. 

livered to RL (E x I) is 16 watts. This is seen to be 2 watts less 

than in Fig. 5, where RL was only .5 ohs. Fig. 7 shows an opposite 

condition; that is, the load resistance, is made less than the in- 

ternal resistance of the battery. Here the load resistance ís de- 

creased to .1 ohm, the .5 ohm internal resistance of the battery 

remaining the same. The total resistance in the circuit, then, is 

equal to .5 + .1 or .6 ohm. The total current flowing through the 

circuit is found by dividing the applied voltage by the total re- 

sistance and is equal to 10 amperes. The voltage drop then produced 

across the load resistance RL = 10 x .1 or 1 volt. The power de- 

livered into the load resistance RL is equal to the voltage across 

it times the current passing through it, or 10 watts. 

Thus, the power delivered into RL .fmm a voltage source having 

an internal resistance of .5 ohm is 28 watts, when RL =..5 ohm; 16 

watts, when RL = 1 ohm; and only 10 watts, when RL = .1 ohm. This 

proves that when the internal resistance of a voltage source remains 

constant, the power delivered to an external load will be maximum 

when the external load resistance equals the internal resistance. 

This example uses a battery circuit, but the same principle nay 

be applied to any voltage generator or vacuum tube circuit. Since 

the application of a signal voltage to the grid causes a vacuus tube 

to generate voltage changes across its plate circuit, it is truly 

a voltage generator and the maximum power output will be delivered 

from it when the load resistance is equal to the plate resistance 

of the tube. The graph in Fig. 8 illustrates the variation in out- 

put power with load changes on a type 45 tube. A type 45 tube has 

a plate resistance of 1600 ohms and from the graph, it is seen that 

when the load resistance is made equal to this value, the maximum 

power output is secured. For load values less than 1,600 ohms, the 

power output decreases very rapidly and for load values greater than 

1,600 ohms, the power output again decreases, but at a slower rate. 

The load impedance in the plate circuit can be made greater than 

1,600 ohms without a great sacrifice in power output. When it is 

increased to about 3,000 to 4,000 ohms, the power output is reduced 

only a few tenths of a watt. 

It will be recalled from previous study that undistorted vol- 

tage amplification will not be secured unless the load impedance is 

equal to át least twice the plate resistance of a tube. The same 

is true for power tubes; that is, the power output will be distorted 
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Fiq.8 Graph showing total power output and percentage of second 
harmonic content with various load values on the type 45 power am- 
plifier. Note that M.P.O. is secured when RL = Rp 

unless the load impedance is equal to at least twice the plate re- 
sistance of the power tube. Even though a slight amount of power 
is sacrificed, this is necessary to prevent a high percentage of 
distortion. Maximum undistorted power output is obtained when the 

load is about twice the plate reststance. 
The curve in Fig. 9 illustrates the power output and second 

harmonic distortion for a type 45 triode. As will be noted, the 
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undistorted power output is maximum with a'load'of approximately 
1500 ohms, so from the standpoint of distortion, it is advisable to 
use a load resistance between 1,000 and 4,000 ohms with this type 
of tube. This reduces the power output somewhat for a ºiven ºrid 
signal voltage. but the distortionis reduced considerably. The 
power output curve in Fig. 9' illustrates the power delivered to the speaker only at the fundamental frequency; that is, without 
.its harmonic content. Thereason for the difference between the 
curves in Figs. 8 and 9 is that the curve in Fig. .8 represents the total power output; that 'is, the fundamental frequency plus all 
its haraonió frequencies, whereas Fig. 9 does not. The maximum power output is secured -when the' load impedance is -equal"to the 
plate resistance of the tube (Fig. 8), but the aaxtaua,undtstorted 
porter output is obtained with a load of twice the plate resistance 
(Fig. 9). 

- 
The actual power output ore vacuum tube maybe calculated by the use of siiple formulas. To -show the derivation of these for- mulas, it is necessary to again consider the vacuum tube es a vol- 

tage generating device and assume the plate circuit to be- loaded with a pure resistance. The equivalent electrical circuit for the plate circuit of any vacuum tube amplifier is shown in Fig. 10.' Here the generator lc x es represents the voltage output produced across the plate circuit of"the tube. This"voltage output depends -on the product of the'grid'excitingvoltage and the amplification factorof the tube. For convenience, we shall first consider that the grid exciting voltage is given in R.M.S. values. 

e- 
lectrical circuit forth 
plate circuit,of any va- cuum tube -amplifier. 

The changing current :which flows through the plate circuit (Fig. 10)must pass through both"Rp,`the plate resistance of the power tube, and RL, the load resistance in- the plate circuit. Since u eº represents the total `voltage output and Rp + RL is the total opposition, applyinº Ohm's Law, we have: 

Nx eº 

o + Kr_ 

The varying plate current passes through both Rp and RL. When it passes through Rp, the, plate resistance of the tube, power 5s 
dissipated in the tube itself (I' x R) and it is not available for driving the loudspeaker.. As the varying. plate current passes through RL, the remainder of the total power is dissipated in RL. It is this power that actually drives the loudspeaker; that is, 

First discussed in Lesson 19, Section 2. 
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- it is the power output from the tube..¿Let us proceed to calculate 
this power in watts. - 

. 

The voltage developed across Ri. is equal to the 'changing cur- 
rent passing through it times RL in ohms (E = I x R). - This is rep- 
resented by the following formula: 

DEL = lL x e x Ri 
.. 

t .!' 1- (2) 
1 

i 

d j .y ,^f , Rp + Ri r t 

tJ , -' , DEL is the varying voltage across RL '. 
tt?" 

' 

u is the amplification factor of the tube 
Where: eg is the R.M.S. value of the grid exciting,voltage , . 

Ri. is the load resistance in ohms . 

Rp is the plate resistance in ohms 

In Lesson 12, it was stated that the formula for voltage ampli- 
fication would be explained in this lesson. The formmla,is: , 

Voltage Amplification.= Aaelifjcgtion FactorxPlateLoad -Resist- Foe 
Plate _'-ad °esistance + plate Resistance 

This jrives the uñaber of times an , applied grid, signal voltage is 
actually amplified through a vaom tube circuit. Its derivation 
can be determined from formula (2). Formula (2) gives the varying 
voltages produced across the load resistance in the plate circuit. 
Now, the voltage -amplification is actually the ratio of the volt- 
age variations produced across the plate circuit to the applied 
grid voltage variations. Therefore, if we divide formula (2) by eg 
(applied grid voltage variations), the formula for voltage emplifi- 
cation will be obtained. The mathematical procedure is as follows: 

f.,uxeºKRL 
Va. Ro + RL _ u x p4 x_RL 1 .j x RL 

).. __...._ em R'p+iL M Rp+RL 

. u is the amplification factor - , r ' 
- e eg is the R.M.S.- grid exciting voltage 

RL is the plate load resistance 
:, ;7%. Rp is ,the plate resistance. - _ ,. .- 

Returning to our calculation of A.F. power, we know the current variations through RL (from formula [1)) and the voltage variations 
produced 'across it, so we can now calculate the power, using the 
fundamental formula, W =,E x' I. This is expressed as follows: 

5 i - : ''W (1.F:' power *intent) **-4 ,i`. " . < a ; 

._,; --.,... ., xe xuxeyxRL' , s 

,t . I .f .' 
L 

.Rp+RL a, 
ie_;y.(f,.f I , 

{_ .x eat x RL (i) 
(Rp + RL)= ... . 



rib 

: " ,. 
1,, 

d 

Formula (5) can be used to, find the power output of any tube. 

Under any known conditions of operation. This formula should be 

remembered because it enables one to calculate the audio power out- 
- put prodnoed by any triode power tube when operated into any size 

e 

load. It applies only to Class A power amplifiers. r 

Since the maximum power output will be secured from a vacuum 4. 
tube when the load resistance is equal to the plate resistance of ;-'ti.i' 

- the tube, to obtain a formula with which to calculate the maximum ' 

power output, we can substitute Rp for RL in formula (3).. Formula 
(3) then becomes: . 

M'.P.O. -.1+= 
x- eº' x §p 

(Rp + Rp) 

+' .- 

. I 

le x e' x Rp ^ 
r , j' .r ", :1 -4,' I r _ /:f . 4 * Rp 

l . , .. r. r :!.. r- 

,i l- : .r - 
.. 

I ' . ' ,,;.! us x aº!- '*' . ., (4) , 11',". 
, 1 

:4 'I. .. 4 x Rp . r.. -'. 1'9 
r ' 

Using this formula, it is possible. to -calculate the maximum power 
output (N.P.O.) that can be obtained from any Class4 power ampli- ' ' 

fier when tbs u of the tube, the R.M.S. value of the grid. exciting ' 

voltage end the plate resistance are known; also, the load impedance - 

of the plate circuit must be equal to the plate resistance of the 
tube. , 

In nearly all problems, the peak value of the grid exciting - 

voltage will be given or can be determined sore easily than the 

R.M.S. value. Formula (4) can be changed to accommodate the peak 
value of the grid exciting voltage. From Lesson'15, we know: 

Eyre'' .ej x 1.414 
.. . 

Where: Eg is the 'peak value of grid exciting voltage'' 
eg is the R.R.S. value of grid exciting, voltage 

Since 1.414 .. .17in this. particular case We will ' find it 
Wore convenient to use "Tee the multiplying factor. Therefore, 
Eº - eg x Z. Solving for eó, we have: ' 

eº = 

' Now that we have the R.M.S:jeº expressed in --its peek value, 

we can substitute the equivalent of eg directly in formula (4) and 

'thus derive a new formals wherein the grid exciting voltage is in 
,its peak value. The mathematical solution is asífollows: 

,_ . . 

:,- . _ ' ... .. 1,_.. - Iw . 4 x 

: 
(4) -' : 

. . . ' ¡ s }' 4. , 

Substituting for eo: . . .N: 
r 

.:,;-,,,.,.....,,., 
y 

, -- , 

1; 

. r' e 
r'r{r- . ' 

;ti.r ' r M.P.O. 
t 
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4 x Rp 

Squaring E, ,: 

u2xEq2 
_ 2 

4xRp 

Performing the division: 

= U2 
x 

Eg2 
x 1 - u2 x E92 

2 4xRp 8xRp (5) 

Formulas (4) and (5) were both derived assuring the load im- 

pedance(RL) equal to the plate resistance (RP), the condition nec- 

essary for maximum power output. We know that it is more desirable 

to obtain the maximum undistorted output from a power tube when it 
is to be used to drive a loudspeaker. For maximum undistorted power 

output (M.U.P.O.), the load impedance must be at least twice the 

plate resistance of the tube. Assuming RL = 2 x Rp, let us substitute 
2 x Rp for RL in formula (I). Then, calculating the maximum undistor- 
ted power output, we have: 

Since RL = 2 x Rp: 

Where: 

P.O. . = u2 x eg2 x RL 

(Rp + RL) 
2 

M.U.P.O. _ u2 x 
eg2 

x (2 x R) 
(Rp + 2 x Rp) 

u2 x 
eg2 

x (2 x Rp) 

(i x Rp) 2 

= u2 x 
eg2 x (2 x Rp) 

9 x Rp2 

112 
x egg 

4.5 x Rp 

(i) 

(6) 

M.U.P.O. is the maximum undistorted power output 
u is the amplification factor 
eg is the R.M.S. grid exciting voltage 
Rp is the plate resistance of the tube and is also ¡ 

of RL 

As before, it is convenient to derive a formula wherein the 

peak value of grid exciting voltage is used instead of the R.M.S. 
value. Since eg =_Fa, we may substitute directly in formula (6) 

as follows: /2- 
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4 
:4xXei_ 

R. 
. 

á;,, s, (6) '`.44i 
, i748?1,- i, -- 

, 
7 - F ?' - <<, b i.' ter.' el _' _Iii..i '-fY y 

' .i "} ;-1 n I. 1'1,-1fi'.' N - l-. 1 

F r tam Li :4J ' . .1111 it4 A 1 1 n:t' `,R 9 i: 

:J'Ti, b.0 9:atG Í" r;"1' 
1 

,_ ° ,}j.[: !».'1 i¢.},ld a1ú 'iÍt¡ it 

' M . dd ", :.i : ?r, ` í J_ µi x 
)-1.1,-.:,-04; 

. : ' _ -::.j 
- fl.Q:P.O. = c - r~: cs; rY totta_lw' 

4. x [ip 

E,é .10/.0 

-, { 

1 
4.5 x RP 

x 1t _ : _ (7) u9 _ 

`3 , s'` f . i 

-M.Q.P.O. _ 
12'.,1 y t[.tí.lfl' 

. . - . . 

+ 

:1; 
y , Where:,17 Eo ,is', time speak , vela" of; the, grid etxci,ting voltage , 

Formula (7) has Amami, practical mica -when wórking with A.B. 
oirouits. As an example of its. application, let us solve a ,prob- 
laa .using a type 711 triode power tube. We are assuming, of course, 

-.thaw-the tube is being operated under Class A oonditions. . 

' Eltmaple 1: What is 'the maximal undistorted power output that 
, be secured fraa'a type 71A power' tube when operated at a plate 
voltage of 180 volts, -40.5 grid 'bias, and', loaded wit 5,500 ohms 
in the plate circuit? t ' 

Solution: Since the grid bias is given as -40.5 volts, the 
grid signal voltage may attain this peak value before driving the 
grid positive., Then, 40.5 volts is,the peek, value of the grid ex- 
citing voltage to be_ used in calculating the maxima undistorted 
power output. Prom the manufacturer's table of characteristics, it 
.is found' that the saplifioatioñ factor of the type 714 tube is 5 and 
that when operated under the conditions specified in the problem, 
"the plate resistance' of the tube is 1,750,ohms. Substituting the 

ave known values in formula;(7), we h: ` - - 

1. 

t ' .i:' LI it ' _.:1 . /1 : x ( 12.. 1 . '+3 , , $ P 

' Q`1;-,, Poc - +('jh_' K.Q.F.V = n l 
-- ,%L4, . .; r S l . 

-:J"_,lynB i fy a / 7 ., t *+t1d2 i)ya., ' 

i, 

,} 

Tlyfi. i Á ' _ 

7x 

1[NlY ' 'E_ -aá9'iKiÑt S.l: t, r 
^ _ _la 1 c t.u i, . 1 x 1 :,(J ` 1 I- . '' °l.: :t ` , 

Casoelling 'tbe 9.'s5 . él ,-:'..7, . ' <1'' -L; a 1 11 1: "Min ' : '.1 á ' 
. 1: i n Z.t nn + .,}.,: t.. «! 11;@ 111i 

.J..} n !!(>17... i =' _' .7,7( -watt, 
. . 

1 , r ! c 4 ' 

-_, '1 t [tit lttit' . 

1 1(l . . 1M1 ' it `, ,1--.1 ' ' a t 1Y ,, t =, 1 1 ' , 1, . 

1 iAe stuwfaaturer;s rating, is slightly liasthan this due; to, the 'highernraoas- 
mended load impedance.- 

' 
1 i5 
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Example 2: What is the maximum undistorted power output that 
may be secured from a type 2A`; power amplifier when operated with 

a plate voltage of 250 volts and a. grid bias of -45? 

Solution: Referring to the manufacturer's characteristics, we 

find the plate resistance of this tube to be 800 ohms and its amp- 
lification factor 4.2. Assuming that the load resistance is twice 

the plate resistance of the tube, that is, 1600 ohms, the maximum 
undistorted power output may be calculated as follows: 

Substituting in formula (7): 

M.U.P.O. _ (4.2)2 x 452 
9 x 800 

17.64 x 2025 
7200 

= 15,721 = 4.9 watts 
,200 

This power output is considerably greater than that specified 
by the manufacturer. The reason is because we have used a load re- 

sistance of 1600 ohms rather than the 2500 ohms as recommended. In- 
creasing the load resistance (assuming the tube's plate resistance 
to remain constant), decreases the power output and also decreases 
the harmonic content. This is shown graphically for a 45 tube in 

Fig. R and, of course, the same applies to all other triode power 
amplifiers. When the plate circuit of a type 2AI is loaded with 
2,500 ohms, the undistorted power output that will be obtained is 

'.5 watts. 
There are two reasons why a greater power output may be se- 

cured from a 2AI tube than from a type 45. Both tubes are triode 
power amplifiers, but they differ considerably in internal construc- 
tion. The 2AI was brought out approximately four years after the 
type 45 and by comparing their transconductance values, the 2AI is 

seen to be a considerable improvement. The first reason for the 
2AI's greater power output is that its plate resistance is reduced 
to a much lower value. By all the power formulas that have been 
derived, it is proved that the power output is inversely propor- 
tional to the tube's plate resistance. A lower plate resistance 
then means a greater power output. Second, it is also shown in all 
the formulas that the A.F. power output is directly proportional 
to the square of the amplification factor. The higher amplifica- 
tion factor possessed by the 2A`; is responsible for obtaining the 
greater power output in addition to its lowered plate resistance. 

6. POWER TUBES CONNECTED IN PARALLEL. When it is impossible 
to obtain sufficient audio power output from a single tube and the 
voltage supply is inadequate to operate a larger power tube, two 
or more small tubes may be connected in parallel to obtain the great- 
er power output desired. Two power tubes connected in parallel are 
shown in Fig. 11. The input transformer T1 is used to couple the 
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Fig.11 Circuit diagram snowing two power tubes connected in par- 
allel. 

output of the A.F. voltage amplifier to the grid circuitá of the 

two parallel power tubes.- The audio voltages developed across the 
secondary of T1 are applied to -the grid of Ye and to the grid of V. 
simultaneously because these two grids are connected together. In 
the plate circuit, the output transformer Te serves to couple the 
output power fro. the two tubes; into, the loudspeaker. Since the 

plates of both tubes are coánected together, the voltage as fed 

through the primary of T, will be applied to both plates. Each tube 
draws its rated plate current and the total current of both tubes 
passes through the biasing resistance R and the primary of the out- 
put transformer. The primary winding must be'capable'of carrying 
the high DC current and -the magnetization characteristics of the 
transformer core must be such that it will not saturate. To satis- 
fy this -latter requirement, it is necessary to provide the.iron core 
with air gaps, then use more iron to obtain the proper primary in- 
ductance. Such a transformer is ordinarily quite expensive. 

When calculating the size of the biasing resistor for paral- 
lel power tubes, bear in mind that the total current drawn by both 
tubes passes through it. The value used, then, is lust one-half 
the size that would ordinarily be used for a single tube. The by- 
pass condenser C must be large to prevent low -frequency degenera- 
tion of the grid -signal voltage. It should have a capacity of from 
16 to 25 mfd., and a voltage breakdown rating not less than 75 volts 
(when the grid bias is 50 volts). A condenser of this kind is 
slightly more expensive than.an ordinary cathode bias by-pass.conden- 
ssr. 

Let us assure that Ye and Ye are type US tubes. The operating 
characteristics of a type 2A1 power'eiplifier triode and the"fam-- 
ily of plate voltage -plate current characteristic curves are shown 
in Fig. 12. The plate voltage is 250 volts and the recommended grid 
bias is -45 volts, so the power supply should be capable of deliv- 
ering at least 300 volts. The plate ourren+ drawn by each tube is 
60 ma.; therefore, the total current passing through the primary 
'Of the output transformer amd_also the biasing resistor is 120 ma. 
Calculating the size of the biasing resistor, we have: 

R I_ - .. - . 375 ohs 

.To determine the size necessary for the by-pass condenser, we shall 
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I1 . A.plrUfre C.Rs A AaplNw ""*"4""". 

- FILAMENT VOLTAGE (A. C.) 4.5 1 . 

PLATE VOLTAGE - 450 max.. 

GRID VOLTAGE. ... ' -45 
RATE CunevT - 60 .{ - 

PLATE RESISTANCE , 800 4 

AMPLIFICATION FACTOR 4. º , 

MUTUAL CAMIUCTMIC,E. .. ,.....,. _ ....,.. 3º50 
LOAD RESISTA ' º5004..-' 
$Eli -81A5 RESISTOR. 750 - 

UNDISTORTED POWER OUTPUT - 3.5 - 

fore, be: /,- .t n.ú1Al l fi i t.t - I - ' L tI 1.10,r!.* ,,.1 in' i . I,: i _ 
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l' 
mot ..' ,,}. ar.7,r's #, r`- C ' Iv -; 6 ..O x x hi x4iit-r, 2 ft. h '; 3w WE' - 

)ti- .' :r {.B7.i E O 1 .Zá. p ^cr. *Ur,'.11pr, t li t . Quid, ie 

j! ' ,, 
^I 

a, ...t .. : 7 i 0 `5 r- - r i ti Y . t':T Ali,` t.:1! 

1- 

yr 

it .' lilt lz 1 u It'f v2''1 "_16.28 x 100'x-57.5 c,r:.ºá .4 ' tq;i_y'ú_ _ 

,y' -S -ii ,I, a ._i000042 farad, for 42 afd ` r.#a/ar.;,Yr`11' ,, - 

When `selecting the lotád impedance for Parallel"pcaur' tubs; We 

must take into consideration the fiat that the two tubes are coulee- ' 

ted in parallel. Fisch has a, plate resistance of 800, ohms, so the 
combined plate resistance of the two 'parallel tubes is 400 ohs 'I - 

quad the -load impedance should be at least twice this 'ulne; Unit ' 

is, 800 ohms.' The output transformer T= shouldbedesigned so that 
when connected to a loudspeaker and delivering its full power out- 
put, the primary places an,800-ohs load on -the'two parallel power - 

tubes. - V 

soma sum CHiRAcfln.6flcs 

-=`,;"--7.1:,,, . 

Volts. 1- -' li; 
VoltsI 

r 
r'1 c 9., - 1-I. ,- 

Volts ',44 g1, 

IvUlli..Iper`tts I ' 

Olw 
= 1 - ..., 

~aloe , 

Ohms 
awn 
Woo 

..y l/ 
1 Q__r-_-, 

I 

I ¡ II 1/7 
I 111J1111IL [ 1 I I I/'//ail 
[ l-7 
1/ l 

l l/a I 
I/ 11_,( AA®TRAII /,I/III//,//Y! 

I1Jy'/,'/%%/1!s 
_ 

--- - - - 

;qt: .f:''+- :IY" 

lua_ 
.. r : I . J - 'XL?: 0Vt-;,.ti V 

rFlpp 12 rFilsjly[ó It, Ep=pénaricterIst ic cur.3os tori tyfe+2Á51poror . 

awplitier: ` ,. r . ,- .i: t , a ' .Ts -.-90'413$ Lt^5 t.. i F9t:'FÍl.ei R,. :' , - '-i T _Í 'e d:,x-; 
., 

:G4,41,- 

assume. that_'its, capacitive resotáaice should not 6é a greater than 
17.5 ohms at s frequen'gy of',100 cycles.,,, The capacity will, there- 

; Refer to Lesson 20, Section 1.1 
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The -¢rid exciting voltage developed across the secondary of 
T1 ceases..the plate current of both tubes to increase --and decrease 
simultaneously. Assuming the same turns.ratio for the input trans- 
former, the grid exciting voltage necessary to drive two .or more 
power tubes connected in.parallel is the same as that required for 
a single tube. The amplitude of the plate current -changes through 

- 

the primary of the output transformer will be- twice as great as 
would occur if one tube. were working alone. The higher amplitude 
of plate current. changes creates greater magnetic field variations 
which in turn deliver more power to the loudspeaker than one tube 
alone could -deliver. In connection with the high amplitude of cur- 
rent changes through the primary of the output transformer, it must 
be remembered that the transformer core should be designed so as 
not to magnetically saturate on the peaks of the current increases. 
Should this occur, the instantaneous voltage developed across the 
secondary will -not be in accordance with the primary current and a 
high percentage of harmonic distortion will result. 

Parallel, power tubes were popular in radio receiver design 
around 1929 and 1910. Since then, the push-pull method of power 
amplification has been adopted and parallel power tubes are now 
obsolete for receiver use. 

7. POSH -PULL POWER AMPLIFIERS. Several advantages are to be 
gained by connecting power tubes in push-pull, two of the more im- 
portant being the production of a greater power output and the -re- 
duction of harmonic distortion. In the output of single -ended amp- 
lifiers,'there will always be a certain. amount of harmonic distor- 
tion due to the curvature of the grid voltage -plate current char- 
acteristic. The use. of a high load resistance causes the dynamic 
Eg-Ip characteristic to become more linear; however, it is accom;- 
penied-with a decrease in power output. With a push-pull circuit 
as shown in Fig. 11, the harmonic distortion can be reduced to an 
extremely low value and a high power output secured at the same 
time. 

V1 

Fig.i3 Typical 
push- pull power amplifier stage. 

T1 

_ L! 
Voltage,_ .- 
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The input transformer T1 has a center tap ow -the -secondary 
winding which is connected to the negative side of Ile C battery. 
The positive side of the C battery in turn is connected to the 
cathode of both tubes. The primary of the output transformer Tp is 
also equipped with a center tap, to which the plate supply voltage 
is connected. Let us first consider the static conditions in a 
push -pull -circuit; that is, when no input signal voltage is applied. 
Since the C battery is connected in a position that is common to 
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both tubes, both grids will be placed at a negative potential with 

respect to their cathodes by an amount equal to the C battery volt- 

age. The bias on the grid of V1 is fed through the upper half of 

the secondary L2 and the bias on the grid of V2 is fed through the 

lower half, La. In Fig. 11, both grids are placed at a 50 -volt nega- 

tive potential with respect to their cathodes. 
In the plate circuit, the plate current for V1 passes through 

the upper half of the primary L4 and the plate current for V2 passes 

through the lower half of Ls. The direction of the plate current 
in each half of the winding is opposite as indicated by the arrows. 
The primary is exactly center tapped, so L. and L5 have the same 

number of turns. Assuming V1 and V2 to be identical tubes, the cur- 
rent passing through L. is equal to the current through Ls. The 
magnetic field set up around L. will thus be equal and opposite to 

the magnetic field established around L5. With the field around 
L4 tending to magnetize the iron core of the transformer in one 

direction and the field around Le tending to magnetize it in the 

opposite direction, these two equal and opposite forces cancel, re- 
sulting in no core magnetization by the DC plate current through the 

primary. This is a distinct advantage of the push-pull circuit in 
comparison to a parallel circuit. The core of the output transformer 
in a push-pull circuit is not magnetized at all by the DC plate cur- 
rent, whereas with the power tubes connected in parallel, the core 
magnetization is extremely high, being produced by the total plate 
current drawn by both tubes. 

Now, let us assume that an input signal voltage is developed 
across the secondary of the input transformer T1. Since the second- 
ary is center tapped, the total voltage developed is divided between 
the two tubes. Assuming a given AC voltage applied to (or developed 
across) the primary, each grid will receive only one-half as much 
excitation as a single -ended power tube would with the same trans- 
former turns ratio. This means that twice as much primary voltage 
would have to be applied to secure the same grid excitation or the 
turns ratio from primary to secondary doubled. Ia all push-pull in- 
put transformers, the turns ratio is doubled; that is, made approx- 
imately 1 to 11- to each half of the secondary, or 1 to 7 overall. 
Fig. 14 illustrates the instantaneous voltages applied to the two 

grids. 
With no input signal voltage applied, each grid is 50 volts 

negative with respect to its cathode. When 100 volts is developed 
across the entire secondary in such a direction as to make the top 
of L2 positive and the bottom of L3 negative (shown at A, Fig. 14), 
the grid of V1 is driven to zero voltage and the grid of V2 is driv- 
en to -100 volts. The 50 volts developed across L2 is in such a 
direction as to buck against the bias voltage supplied by the C bat- 
tery and thus cause the instantaneous grid potential of V1 to be 
driven to zero. On the other side, the 50 volts developed across 
L3 is in such a direction as to add to the bias voltage produced by 
the C battery, thus increasing the negative voltage on the grid of 
V2 to -100 volts. The plate current in V1 is then caused to increase 
and at the same time the plate current in V2 decreases. 

At B in Fig. 14, the conditions are shown when the voltage de- 
veloped across the secondary of T1 is in the opposite direction. 
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F(g.is (A) When the induced secondary voltage is in the direction 
as shown, the grid of V2 is made more negative and the grid of V1 
less negative. 

(8) Induced secondary voltage in the opposite direction. 
V1 made more negative and V2 made less negative. 

Note that in each case, the two grids are being excited 180° 
out of phase. 

(B) 

Assuming that a peak of 100 volts is again induced across the entire 
secondary, there will be 50 volts across L2 and 50 volts across L3. 
The direction of the voltageinduced in each half of the winding is 
shown on the diagram. The voltage induced in L: is now in such a 

'direction as to add to the 50 volts of the C battery, so the grid 
potential, of V1 is. driven to -100 volts and the plate current de- 
creases., At the same time, the voltage induced in La bucks -against 
the 50-volt C battery and makes the instantaneous grid potential of 
V, zero; :1 The plate current of V,.increases. 

In these examples, it will be noted that the plate current of 
one tube increases while the plate current of the other tube de- 
creases at the same time. The reason, of course, lies in the fact 
that the- grids are being excited exactly 180°' out of phase; that is, 
when the grid of one tube is made more negative, the grid of the 
other tube is made less negative. The plate current changes through 
the two halves of the primary in the output transformer will like- 
wise be exactly 1800'out of phase. 

The three diagrams at A, B and C in Fig. 15 will be used to 
explain the action that takes place in the plate circuit. First, 
with no signal voltage applied to the input of the push-pull ampli- 
fier,-the plate current drawn by V1 is equal to the plate current 
of V2. Therefore, the magnetic field set up around L. is equal to 
the field around Ls. Since these two currents are in opposite di- 
rections, the magnetic fields are also opposite, so they buck against 
each other and cancel. No voltage is produced in the secondary Le 
at this time. - . 

Now let us assume that a signal voltage is applied to the input 
of the push-pull amplifier and is in such a direction as to make the 
grid of V1 less negative and the grid of V: more negative. The plate 
current through L. then increases and the plate current through Le 
decreases. The'magnetic field set up around L. expands and the field 
around Ls collapses as illustrated at B, Fig. 15. These two fields 
were formerly equal and opposite, but are now widely different in 
strength, so the total flux change. in the core (and through the 
secondary) is quite high. Inductively, the two magnetic fields have 
added_together, because one has increased above its former value, 
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Fig'.i5 (A) No. grid exciting voltage.- Field around L4equal .and 

opposite to. field around Ls. 
(8) Vi made less negative. Vs made morenegat,ive.. Field 

around La expand due to increased Ip. .Field around Le collapses 
at the same time. 

(C) Conditions opposite that shown at' 9. Field around Ls 

expands, and field around L collapses as Ip through Y= increases 
and Ip through V1 decreases. 

whereas the other has decreased below its former value. -The.total 

flux change thus created,. cuts through the secondary windingL4 and 

induces a'voltage therein. The total voltage inducel in La by,the 

two changing -fields is greater than that_ which could be induced by. 

either winding alone.. This is because an 'induced voltage always 

depends upon the total flux change through the secondary turna. 

Here we have one field' increasing and the.other-decreasing, so there 

is a 'greater, magnetic field change' through 'the turns 'of L' than 
either field alone could produce and the power thus transferred to 

the secondary circuit is greater. 
On the next alternation'of the appliedgrid voltage, the. grid 

of V: is made less negative and the grid of V1 more negative. The - 

plate current through L5 increases and the plate current through L.' 

decreases. The magnetic field around L5 then expands and the field 

around L. collapses as illustrated at C, Pig. 15. The same action 

occurs as before; that is, the collapsing field inductively adds to 

the expanding field, thereby establishing a greater flux change 

through the secondary than either ifield alone could produce and a 

higher output voltage is induced in Le. 
Frei the foregoing explanation, the reason for 'the peculiar 

name applied to this type of circuit may be understood:. These two 

tubes are working on opposite sides of a balanced circuit. Their 

grids are excited exactly 180°'out of phase and their plate currents 
vary likewise. The opposite phase current changes through the pri- 

mary of the output transformer have the. effect of adding -together 

to produce the secondary output voltage and output power. One field 

collapsing (pulling) and the other'field expanding -(pushing) results 

ins -total magnetic field change through the secondary of high mag- 

nitude and a resultant power -output from the circuit equal to approx- 

imatelythree times the'power output that either tube can produce 

when working alone in a single -ended. circuit under similar voltage 

and load conditions.' 

1 The erroneous statement is often made that the output of two tubes in push-pull 
is theoretically only twice that of a single tube: As will be shown later, a greater 
output is possible, due to the lowered internal resistance of the push-pull tubes. 
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8. EYBW, HARMONIC CA*ZL ,A- 
TION IN FUSH-POLL AMPLIFIERS. An- 
other outstanding advantage of a 
push-pull amplifier is that, all 
even harmonics produced by the 
power tubes are, cancelled in the 
plate load circuit. The cancella- 
tion of these even harmonics re- 
sults iñ an output power relative- 
ly free from amplitude.distortion.' 
Generally, the greater part of the 
em plitude,distortion produced ,-by 

any audio amplifier is due to -the 
high -percentage of second harmon-. 
ice. L,The elimination,of this _sec - 
cod harmonic' content (and other . 

even harmonics) in push-pull'cir- 
cuits enables the production' of . 

audio driving power for -the' load- - 

speaker that' is relatively free - . 

from distortion. 

. It should be understoodthat.*, 
a . push-pull power stage will not 
eliminate'or cancel the even har- 
monic distortion if it is contained 
in the grid sigupl voltage. The 
cancellation is effective only on 
those harmonics generated by_the 
power tubes themselves, so to ob- 
tain a distortionless output, it 
is also necessary_ for the input 
.signal voltage to be free from 
harmonic content. 

Let. us. assume that improp- 
er operating conditions exist Ina 
push-pull,. amplifier stage, -then 
proceed to show how the generated 
harmonics are cancelled. We learned 
in Lesson 19 that an excessive grid 
bias always results in amplitude 
distortion. Of course, there are 
other causes for -this distortion, 
but for explanation,_we shall as- 
sume that only this defect exists 
in the amplifier circuit'.. When in 
an overbiased condition, the plate 
current increase in one push-pull 
tube will not be equal in- anpli. 
tude to the simultaneous decrease 
in plate current which occurs in 
the other tube. This is shown 
graphically by A and B, Fig. 16. 

Assuming that the grid of V1 is 
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harmonics are contained due 
to their cancellation in the 
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lade less negative and -the grid óf V; made`more Segative,-the plate, 
current increase through is shown at A and the current decrease 

g occurrin at the same time in Vi is shown et B. The -increase in 
Va is much higher in amplitude than the decrease in.V, so the me-. 
netic field built up around one-half of the primary winding exceeds 
the field decrease occurring in the other half.- On the. next alter- 
nation of the input signal voltage, the grid of.V, is made more neg- 
ative -and the -grid of`V:,less negative. The plate current now in- 
creases above its normal -value through V, and -decreases in Va, but 
the decrease in V, is much less than the increase through V, (due 
to the overbiased operation). - t 

The distorted plate current variations through Vi and V, are 
'shown- at A'and B in Fig. 16 to consist of a fundamental and a sec- 
ond harmonic component.' Notice particularly that the fundamental 
components of the two plate current variationsare exactly 180°' out 
of phase with each other and that the two secondh.harmonie components 
.are exactly in phase. In a push-pull circuit,- a current increase 
'in one-half of the primary winding must be accompanied by a current 
decrease in. the other half for an output voltage to be induced in 
the,secondary;-that is, the, current changes through the two halves 
of the primary must be 180° out of phase. Since the fundamental 
component in both tubes satisfies this'condition,it will be trans- 
ferred through the transformer to the secondary and applied to the 
loudspeaker. The second harmonic component, however, will be can- ( 
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celled because it is exactly in phase in both tubes. From A and B 
(Fig. 16) it can be seen that as the second harmonic in V1 increases, 
the second harmonic in V2 increases at the same time. The magnetic 
fields established around the two halves of the primary winding by 
these components will be rising and falling together; they will al- 
ways be exactly equal and opposite and will thus cancel each other. 

By the same reasoning, all other even harmonics are cancelled 
in the plate load impedance. The fourth, sixth, eighth, etc., harmon- 
ics are generally of such small magnitude, however, that their ef- 
fect on the tone quality is negligible. Tile odd harmonics, such as 
the third, fifth, seventh, ninth, etc., are not cancelled by a push- 
pull circuit. By graphical analysis, it can be shown that these 
harmonics are out of phase in the transformer primary and will ap- 
pear in the output along with the fundamental component. The graph 
shown in Fig. 17 illustrates the percentage of third harmonic con- 
tent in the output power from a push-pull amplifier under varying 
conditions of load impedance. The load impedance specified on this 
graph is that measured from plate to plate of the push-pull tubes. 
It is seen that the third harmonic content is not of appreciable 
value as long as the load impedance is high and that it only rises 
to a small percentage when the plate -to -plate load resistance is de- 
creased to a low value. 

9. POWER OUTPUT OF PUSH-PULL AMPLIFIERS. In a properly loaded 
push-pull amplifier, the total power output which may be secured 
from the two tubes is equal to nearly three times the power that 
can be obtained from either tube working alone in a single -ended 
circuit. To show why this is true, we must determine the effective 
plate resistance of the push-pull tubes and the actual load resis- 
tance into which these tubes are working. The two tubes are mag- 
netically coupled together through the two halves of the output 
transformer primary and for the present' the internal plate resis- 
tance of the push-pull combination may be considered the same as 
a single tube having an internal plate resistance equal to one-half 
the plate resistance of one tube. The two push-pull tubes are work- 
ing into the primary of the output transformer at the same time 
(one increasing and the other decreasing), so they may be regarded 
the same as two parallel signal sources. The internal impedance 
of the signal source (both push-pull tubes) is then one-half the 
internal resistance of either tube. Thus, if two type 45 power amp- 
lifier tubes are being used, each having a plate resistance of 1600 
ohms, the internal resistance of the combination will appear as 800 
ohms to the primary of the output transformer. 

Next, let us find the load impedance into which the two tubes 
are working. It is improper to assume that each of the push-pull 
tubes is delivering its power into its respective portion of the 
primary winding through which its plate current flows. It is im- 
proper because of the close magnetic coupling which exists between 
the two halves of the primary winding. Current and magnetic field 
changes in one-half of the primary cause voltages to be induced in 

1 More complete treatise on this subject in Unit 3, Lesson 6, Section n. 
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the other half, and vice versa. 'The mutual coupling that exists be- 
tween the two halves of the primary is in some ways similar to the 
primary and secondary relations in a two -winding transformer. The 
load impedance actually presented to the push-pull tubes is closely 
equal to one-fourth the total primary impedance and may be' consid- 
eredassuch for all practical calculations. This value of load im- 
pedance arises from the fact that -at any one instant; the two push- 
pull tubes are, in reality, working into one-half of the total pri- 
mary inductance. Bear in mind that the pair of push-pull tubes are 
considered as equivalent to a single unit when working into the pri- 
mñry, and that the total output produced in the secondary depends ,up- 
on the current difference established in the primary.rather than on 
the total current flowing in each plate circuit.' The total primary 
inductance is 'thus not effective iá loading the push-pull tubes. 
The actual load inductance should be considered as just one-half the 
total primary inductance. Both halves of the primary have the same 
number of turns, but since the inductance of 'a winding varies as 
the square of the turns, the inductance of one-half the -winding is 
not equal to one-half the total inductance, but rather to (a)' or 
# the total inductance. The impedance of a coil varies directly 
with the inductance, so if the plate -to -plate inductance load on 
the push-pull tubes is f the total inductance, the load is also # 
the total impedance. 

When a manufacturer specifies the load impedance to be used 
for push-pull tubes, he always means the total primary impedance 
and generally calls it, the "plate -to -plate" load. It should be 
remembered that the actual load impedance into which the push-pull 
circuit is working at any one instant is equal to é of this plate - 
to -plate load value. . 

Having learned how to determine the plate resistance and the 
load impedance in a push-pull circuit, we may proceed -to calculate 
the power output that can be obtained. The average power output 
of a push-pull amplifier, operating Class A, may be calculated with 
the following formula: 

Where: 

P ' x Egt x 

2 x (Rp + Rb (8) 

u is the amplification factor of one tube 
Eg is the peak value of the signal voltage applied to one grid 
Ri is one-fourth the plate -to -plate load impedance 
Rp is one-half the plate resistance of ene tube 

Let us use this formula to calculate the poorer output from two 
type 45 tubes using a 1200 -ohm plate -to -plate load and 50 volts 
peak grid excitation. To simplify calculations, we shall assume 
the plate resistance of the type 45 tube to be 1600 ohms. Substi- 
tuting these given values in formula (8), we have: 

P _ (4.5)(8ó0 
0 

50*80) 

12.25x 2500 x 800 
x (1600)' 
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The power output from. the push-pull óoabinstion is -thus found 
to be 4.78 watts smd,.by referring to the graph is Fig. 17, it is 
seen that. the third harmonic distortion with this value of plate 
to -plate load resistancé is slightly- greater than .5 of 14, a value 
extremely low pad not objectionable. The second barmosio distortion r 
of course, is,uesligib , because of the casosllation that occurs' 
in the sstpst-circuit. This, nearly_5 watts of undistorted audio 
power, is obtained by connecting twotype 45 tubes in a push-pull ' 



circuit. With an equal input grid signal of 50 volts and a plate 

load impedance of 1200 ohms, the power output secured from a single 

45 tube is approximately 2.1 watts. This was calculated by use of 

formula (7) on page 15 of this lesson. 

10. ADDITIONAL ADVANTAGES OF POSH-PfJLL AMPLIFIERS. As well as 

obtaining reduced harmonic distortion and increased power output, 

the push-pull circuit has several other advantages. A vacuum tube 

rectifier circuit is used as the power supply for most push-pull 

amplifiers and in units of this kind, the output voltage is gen- 

erally not a pure DC, but rather has a slight 120 -cycle ripple. 

This causes a corresponding 120 -cycle current ripple through each 

half of the primary of the output transformer. The current in both 

halves of the primary, however, will be increasing and decreasing 

simultaneously (in phase); thus, the magnetic fields established by 

these current changes will always be equal and opposite, resulting 

in complete cancellation. The advantage of this is that practically 

no hum will be produced from the speaker, as would be the case if 

parallel power tubes or a single -ended power stage were used. For 

complete cancellation of the hum voltage, the two tubes must be 

identical and the entire circuit well-balanced. 

Grid -bias voltage for a push-pull amplifier is usually obtained 

by a resistance in the cathode (or filament) lead to ground. In an 

'ordinary amplifier, the plate current changes passing through the 

biasing resistance cause a varying bias voltage to be .developed, 

which degenerates the grid -exciting voltage. This, however, is not 

true in a push-pull amplifier because the total plate current drawn 

from and returned to the power supply remains constant when a grid 

signal voltage is applied. In a well-balanced push-pull circuit, 

the plate current increase of one tube is equalled by the plate cur- 

rent decrease of the other; hence, the total current passing through 

the biasing resistance will always remain at a constant value. De- 

generation of the grid exciting voltage will, therefore, not occur,' 

so it is unnecessary to place a high -capacity by-pass condenser 

across the resistance to maintain a steady grid -bias voltage. If 

a 120 -cycle ripple exists in the plate current that passes through 

the biasing resistance, the 120 -cycle voltage developed across it 

will be applied to both grids simultaneously and the current changes 

created through the two halves of the primary of the output trans- 

former will be in phase with each other and thus cancel. For these 

reasons, a bv--pass condenser need not be used across the biasing 

resistor in a posh -pull amplifier. Fig. 18 at A shows the position 

of the biasing resistance in a typical push-pull power stare, using 

directly heated power tubes, and B in Fig. 18 illustrates the proper 

connection when cathode or indirectly heated power tubes are used. 

The elimination of this by-pass condenser greatly reduces the 

cost of manufacturing the receiver and also simplifies construction; 

hence, an advantage is gained in comparison to parallel and single - 

ended power stages. 
Another advantage possessed by a push-pull amplifier has been 

pointed out in a previous paragraph, but should be recalled in this 

summary. This is the fact that the DC plate current for both tubes 

flows in opposite directions through the two halves of the output 
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Fig.ie (A) Biasing resistor for directly heated tubes in push- 
pull power amplifier. 

(B) Biasing resistor for cathode type tubes. 

transformer primary, and as a result, the core is not subjected to 
continuous DC magnetization. The absence of magnetization greatly 
increases the permeability of the iron core and enables a higher 
primary inductance to be obtained with the same number of turns. 
Magnetic alloys are generally used for the core material and the 
construction of the transformer is greatly simplified with corres- 
ponding decrease in cost. 

It should be understood that if the two tubes used in a push- 
pull circuit are not balanced as to their characteristics, the. above 
advantages will not be secured. Quite often, separate. and adjustable 
biasing resistors are used for each of the push-pull tubes so.as to 
avoid the possibility of an unbalanced condition and its resulting 
distortion. With separate. biasing resistors, the tyro plate currents 
may be equalized. 

- 11. PHASE INVERTER CIRCUITS. It is necessary that the grids 
of ,two tubes connected for push-pull operation be excited 180° out- 

of phase. By use of a transformer input as explained in Fig. 14, 
this condition is satisfied. The grids of push-pull tubes may also 
be properly excited by the use of a "phase inverter" circuit, the 
advantage of which is that no coupling transformer is used. A cir- 
cuit of this kind.is shown in Fig. 19. V1 and Vs operate together 
to excite the grids of the push-pull tubes, Vs and V4, 180° out of 
phase. Applying the excitation to a push-pull stage with a phase 
inverter circuit' eliminates the use of the input coupling transfor- 
mer with its:associated frequency discrimination and probablegen- 
eratiop of harmonic frequencies. 

The operation of the circuit shown in Fig. 18 is as follows: 
The A.F. input voltage is applied across, the resistance.R1. The 
voltage developed across this resistance is applied directly to the 
grid of V1 and causes corresponding current changes through the 
plate load resistance R3: The A.F. voltages developed across Rs 
are transferred through C1 and appear across the grid -leak resis- 
tance Rs. The A.F. voltages developed across Rs are in turn ap- 
plied to_the grid of push-pull tube Vs. To obtain grid excitation 
for the second tube Vs in the phase inverting circuit, a portion 
of the voltage developed across Rs is used. Rs may consist of a 
single, tapped resistance or two series resistors. It is important 
to determine the phase of the voltages developed across Rs relative 
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to the grid exciting voltage applied to'Vs. Neglecting the slight 

effect of coupling condenser Cs, the A.F. voltages across Rs are in 

phase with those'developed'across.the plate resistor Re. The A.F. 

voltages across Rs are, in turn, 180° out of phase with the input 

voltage as applied across R1.1- Likewise, the voltages produced a, 

cress f, are 150° out of phase.with the grid voltage of Vs, so it 

is i,ossible to secure grid excitation for Ve by using a portion of 

the A.F. voltage across Rs. The grid of . V! is then excited ISO° 

tut of phase with Vs and the amplified output is coupled through 

condenser C: to the grid Of V4, the opposite tube in the push-pull 

circuit. Since Vs is receiving its grid excitation from Vs and 

V4 is receiving its excitation from Vp, the grids of Vs and V4 are 
being excited 180° oíit of phase. 

The next problem is to properly proportion the two sections of 

Rs so as to secure equal excitation on the grids of the push-pull 

tubes. To do this,, it is necessary to know the amplification factor 

of tubes Vs and Vp. In nearly all phase -inverter circuits, these 

tubesgare identical; so for explanation, wewill assume that the Mu 

of each is -20. Accepting the. conditions of ideal amplification, 

the A.P. voltages developed across Ra will then be 200 times greater 

than the amplitude of the input voltages applied to R1. Neglecting 

'Xc of the coupling condenser, the voltages developed across Rs (both 

A and R) will be 20 times greater than the input voltage on the grid 

of V1. :To obtain a grid excitation on V3' that is equal to that ap- 

plied to V1,.the voltage developed across section R 'of .Rs must be 

This fact follows from -the study of 'resistance -coupled A.F. amplifiers in Les- 

son 19. On the positive alternation of the silinal voltage, the grid is made less nega- 

tive and- the plate current increases. The increaseú plate current through Re results 

in an increased voltage drop, thus reducino the plate voitade at that instant. On the 

negativer alternation, the negative arid potential of .V1 is decreased, decreasing the 

plate current and causing less voltage ervp R3 wrth a rise in plate voltage. 

Thus, the voltages produced across the plate circuit are exactly 180- out of phase with 

the voltages applied to the grid circuit in a resistance -couplet amplifier. 
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Fig.20 Single tube used for phase inversion. 

one -twentieth of the total voltage developed across A end B. Thus, 
if the total resistance of Rs is 500,000 ohms, it should be divi- 
ded to have 475,000 ohms in section A and 25,000 obis in Section B. 
When these values are used, the grid exciting_ voltage on V, will 
be equal in amplitude to that applied to V1. Then, since the mu 
of Vs is also 20 and the plate coupling resistance R. is the same 
vvalue,as Rs, the grid of V. will be excited with a voltage exactly 
equal =in amplitude, and 180°' out of phase to that applied to the 
grid, of Vs. 

In Fig. 19,two tubes are, being -used for inverting the phase 
of 'the -input -signal to the push-pull circuit. The two triode sec- 
tions of a duo -triode tube such as the 2A6, 6A6, 51, 6N7 etc., may 
also be used for the same purpose. A diagram,of a phase inverter 
circuit using the all -metal 6N7 is shown in Fig. 20. Comparison 
to Fig. 19 reveals that the same type of circuit is used. - 

12. PENTODE POWER TOB8S. A. triode power amplifier tube'al- 
ways requires a fairly high grid exciting voltage to obtain appre- 
ciable power output.:_By inspecting ,the. characteristics of a type 
45 tube, it is seen that a maximum undistorted power output of 1.6 
watts is secured with a peak grid exciting voltage of approximately 
46 volts. Of course, two of these tubes may be conneeted.inparal- 
lel or in push-pull to obtain a greater power output, but the in- 
creased current demand fro. the power supply makes'the over-all de- 
sign of the receiver more expensive. Oa the other hand, a single 
pentode power tube may be used to economically develop the greater 
power when it is desired. 

The physical construction, of a pentode power tube is similar 
to that of the pentode R.F. amplifier in. that it contains the same 
nugher of elements; that is, the electron emitter, control grid, 
screen grid, suppressor grid and plate. The relative size of the 
'elements and their spacing within the tube, however, is consider- 
ekily.different, because the power tube is designed specifically to 
roduce a high A.F. power Output, whereas the R.F. pentode is de- 
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signed for voltage amplification. The construction of the 47 power 

tube is shown in Fig. 21. The plate is made Quite large in the pow- 

er tube and the screen grid consists of a openly spaced winding. 
SUPPRESSOR GRID 

SCREEN GRID 

CONTROL GRID 

FILAMENT 

PLATE 

Fig.2t Cut -away drawing to 
show the internal construction 
of a 47 power pentode tube. 

No outer screen is used because it is not necessary to shield the 

plate from external inductive and capacitive fields when working in 

A.F. circuits. The suppressor grid is still located between the 

screen grid and the plate, but is not closely wound. It is main- 

tained at the same potential as the cathode and thus serves to re- 

pel the secondary electrons back to the plate when the plate poten- 

tial falls below that of the screen grid. This, of course, is the 

same purpose for which it is used in the k.F. pentode. In the type 

47 tube (typical pentode power amplifier), the filament is directly 

heated and the suppressor grid is internally connected to the mid- 

point of the filament wire. The suppressor does not have an exter- 

nal connection in the type 47. In later pentode power tubes, such 

as the 2A5 and 42, the electron emitter is indirectly heated and the 

suppressor grid is provided with a prong on the base of the tube. 

Drawings A and B in Fig. 22 show the circuit connections for the 

indirectly and directly heated tubes, respectively. The suppressor 

grid enables the screen grid to be operated at the same potential 

as the plate, which increases the transconductance and amplifica- 

tion factor of the tube. 
A table of characteristics for the type 47 pentode power tube 

is listed in the accompanying chart. As can be seen, with 250 volts 

applied to the plate and screen, the negative grid bias need only 

be -16.5 volts to limit the plate current to 11 ma. The amplifica- 

tion factor of the tube is 150 and the plate resistance is 60,000 

ohms. The plate load impedance, as recommended by the manufacturer, 

is 7,000 ohms, considerably less than the plate resistance of the 

tube. When a plate load higher than 7,000 ohms is used, a greater 

power output will be secured, but the amplitude or harmonic distor- 

tion also increases. This is due to the fact that with a high load 

impedance, the plate voltage varies over an extremely wide range, 

a direct result of the high transconductance possessed by the tube. 
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Fig.22 IF 

(A) Tube symbol and connec- 
tions to directly heated pentode 
power tube. 

(p) Tube symbol and connec- 
tions to indirectly heated pen- 
tode power tube. 

A.F. 
Input 

47 Pentode. 
Poorer Tube - 

250 

2A5 Pentode 

Thus, on plate current increases, the minimum plate voltage falls 
to a value far less than the screen voltage and the suppressor grid 
is unable to prevent the secondary electrons from passing to the 
screen grid. A reverse current then flows through the tube, with 
resultant harmonic distortion. When the load resistance isdreduoed 
to 7,000 ohms, the plate voltage does not swing over such a wide 
range and the plate potential is maintained sufficiently high (even 
at its minimum value) to prevent a reverse current flow. A load 
resistance of 7,000 ohms gives a iaxisam power output of 2:7 wattá 
with 6& totalharmonic'distortion.' This is about the maximum per- 
centage of distortion that can be tolerated, so a load greater than 
7,000 ohms should not be used./ 

In comparison to a 45 triode 'power 'tube, it is seen that neatly 
twice the power output is secured from a pentode with only one-third 
as much grid exciting voltage: A45 requires a grid -exciting voltage 
in the neighborhood of 45 volts -to obtain 1.6 watts powet output, 
but,the type 47 requires only about 15 volts to produce 2.7'watts. 
These desirable features of the -pentode tube are á:direct' result of 
its higher amplification factor and transoonductanoe. The advantage 
of the 45, however, is that its harmonic distortion is of negligi- 
ble percentage. 

When operating pentode power tubes, it is necessary for the 
plate load impedance to be maintained at a constant value of 7,000 
ohms as nearly as possible. 'Since a transformer primary is gener- 
ally used to load the plate circuit, it is obvious that the load 
impedance will tend to change with the frequency of the audio sig- 
nal being amplified. The load impedance increases somewhat at the 
higher audio frequencies and the result is extreme harmonic dis- 
tortion. When a dynamic speaker is used to load the secondary of 
the output transformer, the 'primary impedance remains fairly con- 
stant (due to the low impedance of the dynamic speaker's.voice.coil), 
so whenever possible, this type of -speaker-should belused, in=oon- 
junction Pith á pentode power tube.- If, however, a loudspeaker is 
used that has highly -inductive windings, the plate load'on the power 
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orti Qunninqham 
Radiotron 

Type 47 

POWER -AMPLIFIER PENTODE 

The 47 is a power -amplifier pentode 
for use in the audio output stage of a -c 
receivers. In comparison with three - 
electrode Class A power amplifiers of the 
same plate dissipation, the 47 is capable 

of greater power output with the additional feature of higher amplification. 

BOTTOM yaw 

CHARACTERISTICS 

FILAMENT VOLTAGE (A. C. or D. C.) 2.5 Volts 
FILAMENT CURRENT 1.75 Amperes 

PLATE VOLTAGE 250 mar. Volts 

SCREEN VOLTAGE 250 max. Volts 
GRID VOLTAGE -16.5 Volts 
PLATE CURRENT 31 Milliamperes 

SCREEN CURRENT 6 Milliamperes 
PLATE RESISTANCE 60000 Ohms 

AMPLIFICATION FACTOR 150 

MUTUAL CONDUCTANCE 2500 Micromhos 

LOAD RESISTANCE 7000 Ohms 

SELF -BIAS RESISTOR 450 Ohms 

POWER OUTPUT (6% total harmonic distortion) 2.7 Watts 

tube tends to change over a wide range, particularly increasing at 

the higher frequencies and resulting in excessive harmonic distor- 

tion. To prevent this high -frequency distortion, a condenser of 

.02 to .03 mfd. in series with about 15,000 ohms is often shunted 

across the primary of the output transformer. This combination is 

called a "load equalizer" and prevents a rise in load impedance due 

to the decreased reactance of the condenser at the higher frequen- 

cies. Sometimes this load equalizer is converted into a tone con- 

trol by using a larger condenser and making the resistance variable. 

Many manufacturers always use the equalizer, even with a dynamic 

speaker. A typical "equalized" pentode plate circuit is shown in 

Fig. 29. 

Pentode Power 
Tube 7 now 

L 

250V 

Fig.23 Pentode plate Circuit 
with 'equalizer' (R and C) to 
maintain constant plate load im- 
pedance. 

A graph showing the variation in power output, second harmonic 

distortion, and third harmonic distortion, with changes in load 

resistance, is shown in Fig. 24. It should be noticed that at ex- 

actly 7,000 ohms load impedance, the second harmonic distortion 

is minimum and the 6%r total distortion consists mainly of third 

harmonics. Obviously, 7,000 ohms is the optimum load for this type 
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of tube. 
The proper load impedance for any pentode power tube is near- 

ly equal to the ratio of the plate voltage to the DC plate current 
at the operating point. In the type 47 tube.. this ratio is: 

Ri. 
. 

a 

P 

= 8.064 ohms 
. 

This is rather close to the recommended value of 7,000 ohms; at least 
sufficiently close for all practical purposes. When this value of 
load impedance is used. the efficiency with which the DC power input 
is converted into A.F. power output is approximately ii$. This 
means that the maximum undistorted power output obtainable from a 
pentode power tube is approximately one-third of the -DC power sup- 
plied to the plate circuit. 

.vófapa output char- 
acteristics 
tode 

ype 1 pen- 
tode amplifier. fi er. 

5 

run von.aw 
LS 

C1 R, 1/11MO ~i mum wags mu 
mi mg mmumum m /a imam ummum r 

EN 
mum. 

Pentode power tubes are often connected in push-pull to.obtain. 
a higher A.F. power, output. The plate -to -plate load impedance in 
push-pull circuits( -should be approximately, 14,000 ohms; that is, 
twioe 'the recommended load for a'dingle tube. 

' 13. BRIM- P( -1IJBR4. A bean power tube, such as a 6L6 makes 
use of a different method of suppressing secondary emission. This 
'tube employs four elements; a cathode, grid, screen- grid,_ and "plate. 
These elements. are so spaced that secondary emission from the plate' 
is suppressed without an actual suppressor grid.í The suppressor 
grid in a conventional pentode: power tube is the chief source of the 
third harmonic distortion produced; hence, by removing the suppres- 
sor grid, the third harmonic' -distortion is greatly reduced. Instead 
of usipg the actual suppressor gricU in a beam power tube, the eléc- 
trodes are so spaced and arranged that the electrons traveling to 
the plate are slowed down when the plate -voltage is low; almost to 
sere -velocity' in a certain region .between the screen --mud plate. In 
this region, the electrons from a stationary cloud-actually a space 
charge. The effect of this space charge is to repel secondary elec- 
trons emitted from the plate and thus- cause then to return tó the 
Piste. In this weiy. the- secondary emission- in suppressed and, at, 
the same time, the suppressor grid is not used. 

Pig. 25 shows the structure of the'beas power tube. It_ should 
be especially noted that the electrons are confined to definite 
beams: The screen and control grids used are óf constant spacing 
and. assembled so that the screen grid, is hidden. -from the cathode by 
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Fiq.25 Internal struc- 
ture of a Beam Power Tube. 

Courtesy: RCA Mfg. Co. 

the control grid. This feature has many desirable virtues. It makes 

possible the formation of uniform electron beam "sheets" between 

successive turns of the grid wires; it reduces the current inter- 

cepted by the screen; it reduces the number of electrons 
which re- 

turn to the screen because of their high velocity 
and it makes pos- 

sible higher over-all efficiency as well as a higher power output. 

In the drawing which illustrates how the electrons are 
confined 

to beams (Fig. 25), the space charge region is indicated by the 

heavily dashed portion of the beam. The accurate guidance and con- 

trol of the electrons is produced by the two "beam confining" plates 

which are at the same potential as the cathode. Notice that the 

edges of these beam -forming plates coincide with the darkened 
por- 

tion of the beam and thus extend the zero potential region beyond 

the beam -plate boundaries to prevent stray secondary electrons 
emit- 

ted at the plate of the tube from returning to the screen. 

A table of characteristics and the Ep-Ip curves of the 6L6 

beam power tube are shown in Fig. 26. On the graph, note the flat- 

ness of the characteristic curves, the sharpness of the knee and 

the extension of the straight portion beyond the left of the 250 - 

volt line. The latter is an important point because it indicates 

increased power handling ability and improved efficiency. The ef- 

ficiency of a 6L6 is remarkably high. When two of these tubes are 

connected in push-pull (Class A) and operated with a plate voltage 

of 400 volts and a screen voltage of 300 volts, they can produce 

32 watts of audio power and an over-all efficiency of 45% includ- 

ing the losses due to screen, plate, self -bias resistor and heater. 

Under these same conditions, the peak signal input for the tube is 

28.5 volts. 

14. INVERSE FEEDBACK. Inverse feedback circuits are used in 

A.F. amplifiers to reduce the distortion in the output stage where 

the load impedance on the tube is a loudspeaker. The impedance of 

a loudspeaker is not constant at all audio frequencies; therefore, 

the load impedance on the output tube will change with frequency. 

If the output tube is a pentode or a beam power tube (each has a 

high plate resistance), this variation in plate load can, if not 
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RCA -6L6 Ga 

BEAM POWER AMPLIFIER 

The 616 is a power -amplifier tube asar 

1 of the All -Metal type for use in the 0 output stage of radio receivers, espe 
wally ally those designed to have ample 
reserve of power -delivering ability. 

The 6L6 provides high power output sensitivity and high efficiency. 
CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.) 6.3 Volts 
HEATER CURRENT 0.9 Ampere 
AVERAGE CHARACTERISTICS 

Plate Voltage 250 Volts 
Screen Voltage 250 Volts 
Grid Voltage -14 Volts 
Plate Current 72 Milliamperes 
Screen Current 5 Milliamperes 
Plate Resistance 22500 Ohms 
Amplification Factor 135 
Transconductance 6000 M-cromhos 

BASE Small Wafer Cctal 7 -Pm 

AO 
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Fig.26 Average plate Characteristics of a 616 Beam Power Tube. 
corrected, produce considerable frequency distortion. Such fre- 
quency distortion can be ccrrected by means of inverse feedback. 

As explained by RCA: ttThe application of inverse feedback to 
a power output stage using a single 6L6 is illustrated in Fig. 27. 
Here, R1, R2, and C are connected across the output of the 6L6 as 

616 

Fig.27 Inverse feed- 
back circuit applied to 
single 6L6 power stage. 
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a voltage divider. The secondary of the input transformer is re- 

turned to a point on this voltage divider. Condenser C blocks the 

DC plate voltage from the grid. A portion of the tube's A.F. out- 

put voltage, approximately equal to the output voltage multiplied 

by the fraction R1R R2, is applied to the grid. There results a 

decrease in distortion as can be explained by the curves in Fig. 28. 

"First, consider the operation of the amplifier without in- 

verse feedback. Suppose that when a signal voltage Eq is applied 

to the grid, the A.F. plate current Ip has an irregularity in its 

positive half cycle. This irregularity represents a departure from 

the waveform of the input signal and is, therefore, distortion. 

For this plate current waveform, the A.F. plate voltage has awave- 

form shown by Ep. The plate voltage waveform is inverted compared 

to that of the plate current waveform, because a plate current in- 

crease produces an increase in the drop across the plate load imped- 

ance. The voltage at the plate is the difference between the drop 

across the load and the supply voltage. Thus, wren the plate cur- 

Eg 

Egf 

Ep 

I p f Ip 

Fiq.28 Curves to illustrate inverse feedback. 

rent goes up, the plate voltage goes down, and when the plate cur- 

rent goes down, the plate voltage goes up. 
"Now suppose that inverse feedback is applied to the amplifier. 

The distortion irregularity in plate current is corrected in the 

following manner. With an inverse feedback arrangement, the volt- 

age fed back to the grid has the same waveform and phase as the 

plate voltage, but is smaller in magnitude; hence, with a plate 
voltage waveform as shown by Ep, the feedback voltage appearing on 

the grid is shown by Eqr. This voltage applied to the grid produces 

a component of plate current Ipr. It is evident that the irregular- 

ity in the waveform of this component of plate current would act to 

cancel the original irregularity and thus reduce distortion. 

"After a correction of distortion has been applied by inverse 

feedback, the relations are as shown in the curve for Iv'. The 

dotted curve shown by Ipf is the component of plate current due to 

the feedback voltage on the grid. The dotted carve shown by Ip is 

the component of plate current due to the signal voltage on the 

grid. The sum of these two components gives the resultant plate 

current shown by the solid curve of Ip'. Since Ip is the plate 

current that would flow without inverse feedback, it can be seen 

that the application of inverse feedback has reduced the irregu- 
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larity in the output current. In -this manner, inverse feedback 
acts to correct any component in the plate current that does not 
correspond to the input signal voltage and thus reduces distortion. 

."From the curve for Ip', it can be seen that besides reducing 
distortion, inversefeedbaekalso reduces the amplitude of the out- 
put current. It follows that when inverse feedback -is applied to 
an amplifier, there is a decrease in power output as well as a de- 
crease in distortion. However, by means of an increased signal 

F19.29 Inverse feedback applied to push-pull 6L6 power aisp1(fier. 

voltage, the'pbwer output can be ,brought beck to its fall value. 
flenoe, the application of inverse feedback to an -amplifier means 
that more driving voltage must be applied to obtain full power out- 
put, but this full power output is obtained with less distortion. 
Inverse feedback can be applied to any Class A power amplifier tube - 
operating in a single -ended or.push-pall circuit. In push-pull, it 
is necessary' that the input transformer have a separate secondary 
winding for each grid. A circuit of this kind is shown in Fig. 29. 
Inverse feedback is not generally applied to a. triode power ampli- 
fier such as a 45 or 2A1, because the variation in speaker imped- 
ance with frequency does not produce much distortion due to- the 
tube1s low plate resistance. It is especially applicable to a pen- 
tode or a beam power tube, because these tubes have a high plate 
resistance and the increased driving voltage necessarl is relative- 
ly small." 
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RICHES 
WITHIN YOURSELF! 

Included in the folklore and legends of the Orient, 
is a story of a Persian farmer. This farmer owned a 
vineyard of good value, and from it he made a fair liv- 
ing. 

But one day there came to the farmer a neighbor, 
and this neighbor carried in his pocket a diamond: Upon 
learning the great value of the diamond, the Persian far- 
mer cast his hoe and plow away and, packing up his scant 
belongings, he went forth into the far corners of the 
world to hunt for diamonds. 

Many years later he returned, weary and without 
money, to his own land. He knew at last that his real 
happiness and safe income was right there on his farm. 
And so, taking up his shovel, he went about clearing out 
the weeds from around his grape -vine. 

But with the first shovel full of earth, he dug up 
a large diamond, and digging deeper, he found more. There 
was wealth such as he had never known before, needing 
only a little deeper digging a bit more effort 
to bring to the surface. 

Most of us are like that. Deep within us we 'have 
what it takes'. But It takes digging, and determination, 
to bring it to the surface. 

A little more effort, a little more studying, and 
some properly guided development of 'what -we -have -inside - 
us,' and we are on the clean, happy road to Success. 

Your lessons and experiments are your tools. KEEP 
DIGGING! 
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A Good Job 
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Happiness 

Contentment 

\\I// 
Self Resoect 
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Success 
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Lesson Twenty -Nine 

LOUD 
SPEAKERS '.1- 

"In the earlier days of 1. ,, 

radio a loudspeaker was made -w 
by connecting a horn to a reg- x 

ular headphone unit. The vol- -Z- ° 1/ 

ume and tone quality of these `.4' ' +_,k 

"makeshift" horns was very un- 

satisfactory. 

"Today, the modern loudspeaker 
is a highly -engineered device. In 

this lesson you will find the latest infor- 

mation on their precision design and intricate construction." 

1. PURPOSE OF THE LOUDSPEAKER. A loudspeaker is used to con- 

vert the audio power generated in the receiver's final stage into 

audible sound waves. Headphones are used forthe same purpose, but 

are generally considered unsatisfactory, because they must he held 

closely to the ear in order to distinguish the weak sound waves pro- 

duced. It is due to the inconvenience of headphone reception that 

audio frequency amplification is employed following the detector 

stage, thereby making it possible to obtain sufficient audio power 

to actuate a loudspeaker. The loudspeaker should be capable of 

producing sound waves sufficiently intense to be easily heard and 

distinguished in a room of ordinary size. In public address and 

sound picture work, a greater volume of sound is required than from 

home radio receivers: therefore, more audio amplification is neces- 

sary. In all instances, the loudspeaker converts the electrical 

power supplied. to it into sound energy. 

It is well to impress the importance of the Sob performed by 

the loudspeaker in all radio receiving sets. No matter how "high 

quality" the transmitting station may be or how perfectly the re- 

ceiving set is designed, the program is spoiled for the listener 

if the loudspeaker does not function properly. It must be rela- 

tively free from waveform distortion: that is, the emitted sound 

waves should exactly correspond with the waveform of the audio cur- 

rent passing through the speaker winding. It should also produce 

a minimum of frequency distortion, which means that its frequency 

discrimination should be as low as possible to the varuous A.F. 

voltages which may be applied to it. As a third requirement, vol- 

ume distortion must be avoided. This means that the volume of sound 

produced by the vibrating cone should correspond at every instant 

to the variations in A.F. power supplied to the speaker. Any loud - 
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speaker may be overloaded; that is, more audio power may be delivered 
to it than it is capable of properly reproducing. To avoid volume 
distortion, the amount of audio power supplied to a loudspeaker must 
be well within the limits of the speaker's capacity. 

Other factors incident to the selection of a loudspeaker are 
that it be sufficientlu ruáled to withstand the normal amount of 
abuse; it should be economical in initial cost and maintenance and 
should have an efficiency as high as possible. The efficiency with 
which ordinary loudspeakers convert electrical power into sound en- 
ergy is relatively low. 

How sound waves are produced by a vibrating cone or diaphragm 
was explained in Lesson 26. Therein, it was found that the forward 
and backward movement of the cone resulted in the establishment of 
a series of compressions and rarefactions at the front and back of 
the cone. These air pressure changes travel outward from the vi- 
brating cone at a speed of 1110 feet per second (when the tempera- 
ture is 68° F.). 

2. TYPES OF SPEAKERS. Having learned of the renuirements im- 
posed on a satisfactory sound -reproducing device, let us investigate 
the construction of various commercial loudspeakers. As each type 
of speaker is discussed, its characteristics and limitations rela- 
tive to the other types of speakers will be given. To facilitate 
the study of commercial speakers, we have made the following gener- 

al classification: 

1. ' agnetic armature (magnetic) 
a, Bi-polar 

b. Balanced -armature 
c. Inductor or "fringing flux" 

2. Condenser 
1. Crystal 
4. Moving conductor (dynamic) 

'. MAGNETIC ARMATURE SPEAKERS. Speakers of this type are 
those generally known as "magnetic" speakers. As just shown, there 
are three types which fall under this general classification. In 
each, the difference lies entirely in the construction of the driv- 
ing unit or "motor." The driving unit (often called the "motor") 
of a loudspeaker is that portion of it which serves to convert the 
electrical current variations into corresponding mechanical vibra- 
tions. These mechanical vibrations in turn are applied to the cone 
or diaphragm and by its movement the air pressure variations (sound 
waves) are set up. 

(A) Bi-Folar Drtuin1 Unit. This type of loudspeaker motoris 
often called the "iron -diaphragm" driving unit. Its construction 
is shown in Fig. 1. It can be seen that this construction is iden- 
tical with that of a headphone as explained in Section 4 of Lesson 
13. Since the operation of this unit was thoroughly discussed in 
Lesson 18, the information will not be repeated. It is well, how- 
ever, to discuss a few of its characteristics so that we may com- 
pare it to the other types of driving units. 
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The iron diaphragm is under a constant strain. even when no 

signal current is passing through the signal coil. This is due to 

the attraction' exerted by the pole pieces of the permanent magnet 
and causes the diaphragm to be slightly deflected in the center. 

I -on diaphragm 

Fig.1 Bi-Polar driv- 
ing unit. 

Signal Current 
Coils 

This, of course, tends to limit the maximum amplitude of the dia- 

phragm's vibration and often results in "clattering" as the dia- 

phragm strikes the pole pieces when a strong signal current passes 
through the coils. This could he prevented by using a wider air 

gap between the top of the pole pieces and the diaphragm; however, 

the sensitivity of the unit would be reduced by this construction. 
If the unit is to be used specifically for the reception of weak 

signals, it must be sensitive, so the diaphragm is placed fairly 

close to the top of the pole pieces. On the other hand, if the 

unit is to be used in conjunction with ahorn or trumpet, the space 

in question may be made larger, thus permitting loud reproduction, 

but, of coursé, at the sacrifice of sensitivity. 
As a general rule, bi-polar driving units do not possess good 

frequency response, due to the stiffness of the iron diaphragm. 
Also, the diaphragm often resonates at some particular freouencv 
which results in a reproduction of that frequency at exceptionally 

loud volume. Also, the high inductance of the signal coils does 

not provide a constant load on the plate circuit of a power tube 

at all audio frequencies. This, of course, is due to the reactance 

change of the inductive winding with frequency. At low audio fre- 

quencies, the reactance of the signal coils is low, so if serving 

as the plate load impedance of a power tube, amplitude distortion 

will be produced and normal power output cannot be obtained. At 

high audio frequencies, the increased reactance of the signal coils 

supplies a higher load impedance to the power tube and the amplitude 

distortion is somewhat reduced. Exceptionally good high frequency 

response cannot be obtained from this unit. due to the limitations 

of the mechanical vibrating system and also the by - passing effect 

of the distributed capacity contained in the signal coils. 

Bi-polar driving units for loudspeakers experienced popularity 

in the earlier days of radio, but later units with their improved 

characteristics have caused the bi-polar motors to become obsolete 

in present practice (except in the construction of headphones). 

3 



(B) Balanced -Armature Driuiné Unit. This type of driving unit 
is illustrated in Fig. 2. It is the most popular of the so-called 
"magnetic" speakers. The unit is constructed so that the initial 
Pull of the permanent magnet on the armature is "balanced" at the 
top and bottom: hence the reason for its name. 

Soft -Iron 
Armature Driving 

pin 

Pole 
Piece 

Cone 

i vet 

Fig.2 Balanced -arma- 
ture driving unit. 

As shown in Fig. 2, each pole of the polarizing (permanent) 
magnet has a U-shaped pole -piece attached to it. The magnetic (soft - 
iron) armature is then located between these two pole pieces and is 
pivoted at the center. The signal coils are located in the ope 
space between the two U-shaped pole pieces. Since the armature rod 
is magnetic and pivoted at the center, the attraction and repulsion 
exerted at the top is equalized by corresponding magnetic forces 
acting at the bottom. Thus, the armature remains in a balanced 
condition as long as there is no current passing through the sig- 
nal coils. 

The application of an AC audio voltage to the signal coils 
will cause a corresponding AC signal current to pass through them. 
As current passes through the coils, the magnetic flux established 
around their turns causes the soft -iron armature to become magne- 
tized. The direction of the magnetization will depend upon the di- 
rection of the current flow. At A in Fig. 9, assume that the sig- 
nal current is passing through the windings in such a direction as 
to magnetize the armature bar with the top S and the bottom N. Be- 
ing pivoted at the center, the top of the armature bar will then be 
attracted to the left and the bottom will be attracted to the right. 
The combined magnetic forces causes a movement of the armature and 
diaphragm to the left. 

At B, Fig. 1, the signal current is passing through the speak- 
er's coils in the opposite direction. The magnetic field set up 
causes the armature bar to be magnetized in the opposite direction 
and, since the top of the bar is N and the bottom S, the combined 
magnetic forces result in a movement of the armature and speaker 
cone to the right. 
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(A) 

Signal 
Current 

FIg.3 (A) 0irection of armature and cone movement with current 
passing one way. 

(B) Current in opposite direction through, coil causes move- 
ment of armature and cone in opposite direction. 

Variation of the A.F. current passing through the coil,wind- 
ings thus establishes a magnetization of the armature, first in one 

direction,, then the other. As the direction of magnetization changes, 

the armature bar is moved back and forth in direct accordance. . Since 

the diaphragm is securely attached to the armature bar; as the arma- 

ture vibrates, so does the diaphragm. In some speakers( the driving 

-pin connecting the armature to the cone is soldered directly to the 

armature whereas in others, a small bolt and nut are used for the at- 

tachment. 
The balanced -armature driving unit possesses two disadvantages 

similar to those encountered with the bi-polar type unit.' First, 

the amplitude of armature vibration is limited by' the air gap' be-, 

tween the two pole Pieces. This air gap may be widened to permit 

loud volume of reproduction, but, at the same time, a sacrifice is 

made in sensitivity. Second, the two coils surrounding the armature 
are highly' inductive; so the reactance of the speaker load changes 
with frequency. Low frequency reproduction is impaired, due to the 

low reactance of the speaker coils. The high frequency end of the 

.audio range cannot be faithfully reproduced 'because of the high dis- 

tributed capacity contained in the inductive' windings. 
In general. however, the frequency response of a balanced -arm- 

ature unit is considerably better than that of a bi-polar, mainly 

due to the absence of the stiff iron diaphragm.' A light cone may 

easily be driven by the vibrating armature as shown -in Fig. '.with- 

out undue restriction. Also, the mechanical construe Lion of a bal- 

anced -armature unit permits the use. of a larger permanent magnet. 

thereby making it possible to obtain good sensitivity consistent 

with moderately loud volume of reproduction. If operated. properly 

with some regards to its limitations, the, balanced armature unit 

will give very satisfactory service. It has been developed to a 

fairly high degree of perfection and -.for moderate volume,this unit 

is generally used, especially when the cost is an important factor 

and a wide -range frequency response is not a paramount consideration. 
It was used in many of the first AC operated receivers and in near- 

ly all of the older DC operated sets. It is still very popular for 

farm receivers because it does not require a polarizing voltage or 

an initial magnetizing current. 
(C) "PrinEinE FIux" or Inductor Drtvtnes Unit. This type of 

,driving unit is. illustrated in Fig. 4., A horseshoe -shaped permanent 
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magnet and two pole pieces are employed the same as in the balanced - 
armature unit, but the position of the signal coils and the type of 
armature are considerably di fferent. In the "fringing -flux" motor, 

Fiq.a 'Fringing - flux' 
or inductor driving unit. 

the movement of the armature is parallel to the pole faces, thus 
eliminating the possibility of the armature striking the pole faces 
on high amplitudes of motion. It has the disadvantage, however, of 
being wasteful of magnetic flux. The operation of the unit is as 
follows. 

In Fig. 5, it is shown that the armature consists of two sep- 

Fig.5 Illustrating bar 
positions and distorted 
flux in inductor drivino 
unit. 

Coil A 

Distorted Flux 

arate, soft -iron blocks. A and li. These are connected together by 
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a light, insulating rod: The cone is attached to the armature so 
that when the armature is set in vibration, the cone will also move. 
The two armature blocks A and B are slightly displaced towards the 
center between the projecting pole faces. Since the reluctance of 
the soft -iron blocks is much less than the reluctance of air, the 
magnetic flux passing from N to S between the two pairs of pole 
faces becomes distorted as it follows the easier path though the 
iron blocks. The pattern of the field flux that would normally ex- 
ist between the pole faces is thus distorted. The lines of force 

passing through each of the bars causes them to be magnetized and 
attracted by the faces of the pole pieces. Due to the magnetic pull, 
bar A tends to move between the two top pole pieces and bar B is 

pulled toward the two lower pole pieces. Since these two forces 
are tending to pull the small armature bars in opposite directions, 
they will normally remain at rest because the connecting rod be- 
tween the two bars is not elastic. 

The series signal coils are placed on opposite legs of the two 
Pole pieces and are wound in opposite directions. As the signal 
current passes through these coils, the magnetic field setup around 
each will either add to or subtract from the field of the permanent 
magnet. When current passes through the two coils in the direction 
indicated on Fig. 5, the action is as follows. Using the.left-hand 
rule, the polarity of the magnetic field set up around coil X is 
such that the left side of the coil is a N pole and the right side, 
a S pole. Then, by using the left-hand rule on coil Y, it is found 
that the right side is a N` pole and the left side, S. The N pole 

produced on the left of coil X bucks against the S pole of the per- 
manent magnet. thus reducing the magnetomotive force between the 

two bottom pole pieces. This reduces the pull on armaturebar B. 
At the same time, the N pole produced on the right of coil Y adds 
to the N pole bf the permanent magnet, thus increasing the magneto - 
motive force between these two faces.. This increases the magnetic 
pull on bar A. Thus, while the pull on bar A is increased, that 

on bar B is decreased, so the result is a movement of the entire 
armature and cone assembly in the upward direction. 

As the signal current passes through the two coils in the di- 
rection opposite to that indicated on Fig. 5, the S pole produced 
on the right end of coil Y will reduce the magnetomotive force be- 
tween the two upper poles and the S.pole produced on the left end 
of coil X will increase the magnetomotive force between the. two 

lower poles. The entire armature and cone assembly is then moved 

downward. 
The movement of the armature in this speaker is longitudinal- 

ly between the pole faces of the permanent magnet; thus, it may move 
through great distances without overloading. This is in contrast 
with'the condition's existing in the bi-polar and balanced -armature 
units, because in both of these, an excessive amplitude of vibra- 

tion causes the armature to strike the. pole pieces and produce ratt- 

ling' sounds from the speaker. Very strong permanent magnets are 

required in a fringing -flux driving unit to. secure ah appreciable 

amplitude of armature movement. By making the air gap betvieen the 

armature bars and the pole faces small; the unit can be made sensi- 
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tive and, at the same time, maintain its ability to reproduce loud 
volume. 

The fringing -flux driving unit possesses a disadvantage that 
is also common to the bi-polar and balanced -armature units in that 
the high inductance coil windings cause high and low frequency dis- 
tortion. Reproduction throughout the middle of the audio range, 
however, is exceptionally good, and can be compared in some respects 
to the performance of moving -conductor speakers. 

4. DC THROUGH SPEAKER COILS. The DC current ín the plate cir- 
cuit of a power tube is generally not permitted to flow through the 
signal coil windings of a speaker. DC current is not effective in 
producing a vibration of the cone, this depending entirely upon the 
amplitude of the current changes. Since only the changes are de- 
sired through the speaker's coils, they are generally passed through 
a transformer or. a condenser. Both of these latter units will block 
the passage of a DC current. 

Volume limitation and demagnetization of the permanent magnet 
areapt to result when DC passes directly through the speaker's 1 

coils.. In a bi-polar unit, if the DC passes through the signal 
coils in one direction, the electromagnetic field set up around each 
coil aids the pole of. the permanent magnet on which it is wound; 
but if passed through the coils in the opposite direction, the elec- 
.troragnetic 'fields will buck against the poles of the permanent mag- 
net and tend to demagnetize them. Obviously, the latter should not 
be permitted, because continued use of the unit in this condition 
soon completely demagnetizes the permanent magnet end the sensitiv- 
ity is seriously impaired. To guard against the possibility of con- 
necting a bi-polar unit in the wrong direction, the external leads 
from the two coils are always colored differently; one is black and 
the other is red, brown, or has a brightly colored stripe in it. 

Fiq.6 OC plate cur- 
rent must pass through 
the speaker coils in tills 
circuit. 

d+ 

The black lead is the negative side; that is, if used in the plate 
circuit of a vacuum tube, it should be connected toward the plate 
of the tube. The colored or striped lead is the positive side and 
should be connected toward the positive side of the voltage source. 
Current should flow through the unit from the. negative (black) 
lead to the positive lead. When this polarity of connection. is 
observed, there is no possibility of demagnetizing -and ruining the 
permanent magnet. Since most present-day headphones have bi-polar 
driving, units, always be sure to connect the external leads in the 
proper direction when DC current is going to flow through the coils. 
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 In a balanced -armature unit, the passage of a DC current causes 
the initial position of the armature to be 'somewhat inclined be- 
tween the two pole. faces, rather than 'in a perfectly -balanced, ver- 
tical position. A signal -voltage superimposed on the DC is then 
likely to cause the armature to strike the pole faces during loud 
volume. In a fringing -flux driving unit, the pure DC current re- 
sults in the two armature bars being pulled away from their normal, 
intermediate,positions. This, of course, limits its motion, in that 
direction when a signal voltage is applied. 

For these reasons,- it is generally desirable -to'-prevent the DC 
current from passing- through the speaker coils as shown in Fig. 6. 
Two popular methods are used to separate the DC and AC currents. 
One is to insert a coupling transformer between the plate of the 
power, tube and the speaker coils; the other makes use of a choke 
and condenser output coupling circuit. The method of oonnécting 
the output transformer is shown in Fig. 7 and the choke - condenser- 

Tubé 

FIp.7 Output transfor- 
mer as used to couple the 
A.F. signal Into the speak- er coils. 

g+ 

arrangement is illustrated in- Fig. 8. In Fig. 7", ;the DC .Current 
passes through the primary of the output transformer. When a sig- 

Power 
Tube 

FIg.8 Choke-condenser 
arrangement to prevent DC 
from passing through .the 

' speaker coils. 
9+, 

Speaker 
Coils 

nal voltage is applied' to the grid of the power tube, the current 
changes set up in the plate circuit create corresponding magnetic 
field variations around the primary which in' turn are induced in 
the secondary. The induced secondáry voltages then produce an AC 
current through the speaker coils. This current corresponds in amp- 
litude and frequency to the signal current changes in the plate cir- 
cuit of the power tube. 'Using the output choke and condenser ai;- 
rañgement, A.F. signal voltages are produced across the high -induc- 
tance choke L in the plate circuit. These- voltages charge and dis- 
charge 'the coupling condenser C, thus' passing'the signal variations 
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on through the condenser and through the speaker coils. It is not 
practical to use a resistance as the load on a power tube (instead 
of the inductance), because the high plate current drawn by a power 
tube would produce an abnormally large voltage drop across the re- 
sistive load. 

5. CONDENSER SPEAKERS. This type of speaker has never been 
employed to any great extent in commercial radio receivers; however, 
a knowledge of its construction and operation is of interest. 

The operation of the electrostatic (condenser) loudspeaker is 
based on the electrostatic attraction and repulsion between two 
electrically charged plates in accordance with the fundamental law: 
"Like charges repel and unlike charges attract." The speaker has 
no driving unit; it consists only of a large, two -plate condenser. 
Fig. 9 illustrates its construction and the method of connection 
to the power tube. 

The speaker has two large plates; one fixed and one movable. 
The movable plate is made of a light foil material whereas the 
fixed plate is made of aluminum. The fixed plate is heavy and 
stationary. These two plates are separated from each other by a 
thin film of air; then a polarizing voltage is applied. Being op- 
positely charged, the electrostatic forces set up between the plates 
tends to draw them together. The extent of this electrostatic at- 
traction depends upon the square of the voltage difference between 
the two plates; hence, changing this voltage will vary the attrac- 

Output 
TuDe 

8+ 

Output Transformer 
C 

Heavy 
Fixed 
Plate 

Polarizing 
voltage 

Insulator 

Light Speaker 
Diaphragm 

Fiq.9 Connections to 
a condenser loudspeaker. 

tion. If both plates were charged positively, they would repel each 
other and, likewise, if both were charged negatively, they would 
repel, hut, being oppositely charged, an attraction exists. Since 
one plate of the condenser is light and movable (the diaphragm) and 
the other fixed, as voltage changes are applied across them, the 
movable plate vibrates mechanically in direct accordance. These 
mechanical vibrations of the light diaphragm in turn set up the air 
pressure variations (sound waves) which travel outward from the 
speaker. 

The polarizing voltage necessary for operation of the conden- 
ser type speaker max be secured from the power supply within the 
set. Ordinarily, this is between S00 and 500 volts. Since there 
is practically no current drawn, it does not place an additional 
load on the rectifier circuit. The two plates of the condenser 
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speaker are separated by insulators as shown in Fig. 9, then' as an 
additional precaution against a possible short circuit, the front 
face of the heavy fixed plate is generally coated with a thin, rub- 
ber compound. 

In Fig. 9, the alternating signal voltages developed across 
the secondary of the output transformer are applied through conden- 
ser C to the plates of the condenser speaker. Condenser C must be 
used so as to prevent a short circuit of the polarizing voltage 
through the secondary of the output transformer. The AC signal 
voltage variations are superimposed upon the polarizing voltage, 
thus causing the attraction between the plates to be increased and 
decreased in direct accordance with the A.F. signal. The diaphragm's 
vibration then produces the sound waves. 

When using a condenser speaker, the output stage must be de- 
signed differently than when using magnetic -armature or moving -con- 
ductor speakers. Both of -these latter type speakers constitute a 
fairly low impedance load in the plate circuit of the power tube 
and both of them require current variations for their operation. 
In contrast with these characteristics, the condenser loudspeaker 
has an impedance of"around 50,000 ohms at 1,000 cycles and requires 
voltage variations for its operation. Thus, to operate a condenser 
speaker, the final audio amplifier should be a high -impedance volt- 
age amplifier rather than a low -impedance power tube. The connec- 
tion from the plate of the last tube to the condenser speaker may 
be made through a step-up transformer or through a high -impedance 
choke and condenser coupling circuit. If a push-pull final stage 
is employed, a single, tapped choke may be used as the load on the 
two tubes and the signal voltages transferred to the condenser 
speaker through a fixed coupling condenser as in Fig. 8. 

Condenser type loudspeakers have never experienced great pop- 
ularity in this country; however, they were used extensively in 
Europe. One of the main disadvantages is the fact that a high pol- 
arizing voltage must be supplied. Condenser loudspeakers are also 
large in physical size because the strength of the sound waves pro- 
duced depends on the plate area. This limits its use in home re- 
ceivers, but is not a serious drawback for public address systems. 
As advantages for the electrostatic speaker; it is simple in con- 
struction and economical In cost. The large, flat surface of the 
vibrating plate is also better adapted for the even radiation of 
sound than a horn or cone because it is not so directional. 

6. CRYSTAL SPEAKERS. Speakers of this type operate on the 
Piezo-electric principle. This principle is that which. expresses 
the relationship between certain crystal formations and electrical 
phenomena. It has been found that an accurately prepared crystal 
of quartz, tourmaline, or Rochelle salts has the property of pro - 
ducting an electrical voltage across two of its faces when compressed, 
twisted, or bent. Conversely, each of these same crystals will un- 
dergo a mechanical change; that is, become compressed, twisted, or 
bent, when an electrical voltage is applied to it. This is known 
as the "Piezo-electric effect" and forms the basis for the opera- 
tion of several devices, such as speakers, phonograph pickups' and 
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microphones. 1 Rochelle salts crystals are more adaptable for use 
in speakers, phonograph pickups, and microphones than the others 
mentioned. Crystals of Rochelle salts may be grown chemically un- 
der suitable conditions and when cut in slabs can be used as an ef- 
ficient convertor of electrical energy into mechanical energy and 
vice -versa. 

In crystal speakers, a small slab of Rochelle salts is used as 
the driving unit. It is cut and mounted in such a manner as to vi- 
brate mechanically (due to its Piezo-electric properties) when volt- 
age variations are applied to it. The crystal's vibrations are then 
used to drive the speaker cone and produce the sound waves. The 
small size of the crystal unit and cone makes this speaker unusually 
efficient in reproducing the higher audio frequencies. They are 
generally known as "tweeters" because of their ability to reproduce 
high notes and inability to reproduce lows. When operated in con- 
junction with a good low -frequency speaker (large dynamic), the en- 
tire audio spectrum may be faithfully reproduced by the combination. 
Several manufacturers use the crystal tweeter on their more expen- 
sive high-fidelity receivers for this reason. 

Fig. 10 shows two views of a Piezo-electric crystal speaker. 
When connecting this speaker to a receiver, no coupling transformer 
is necessary. A small impedance matching transformer is built in- 
side of the speaker case so as to effectively match the impedance 
of the crystal speaker unit to the output circuit of the receiver. 

CN1ST« 
UNIT 

Fiq.10 Two views of a 
crystal speaker. 

There are several ways of connecting the crystal tweeter to 
the output of a receiver. These are shown at A, B and C in Fig. 
11. In each of these diagrams, the resistor R serves as the vol- 
ume control for the high -frequency crystal speaker. It should be 
understood that a crystal speaker must be operated in conjunction 
with the dynamic speaker that is already on the radio receiver, thus 
making a total of two speakers on the set. Nearly all dynamic 
speakers begin to fall off in frequency response around 1,000 cy- 
cles. Since the crystal tweeter is designed to reproduce only the 
higher frequencies, it starts at about 2,500 cycles, then carries 
on through the high frequency range to approximately 8,000 cycles. 
The A.F. reproduction is made fairly flat over the greater portion 
of the audio spectrum by this combination. 

1 The Piezo-electric effect is fully discussed in Lesson 2, Unit 3. 
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7. NOTING CONDUCTOR SPEAKERS (DfNANIC): Moving oondnctgr 
driving units for the conversion of electrical into mechanical enér- 
¢yare more popular -in modern radio receivers and public address 
systems than any other type. Each a unit consists fundamentally of 
a non-magnetic conductor placed in a strong magnetic field whose 
lines óf force are perpendicular to the direction in which motion 
is desired. A *stab of its fundamental construction is shown in 
Fig. 1 In this type of moving conductor speaker, a strong, steady 
magnetic field' is established by the passage of a DC current through 
a magnetizing coil. ,Moving conductor speakers which ,obtain their 
initial, steady fiel4 in this manner are.generally called "electro- 
dynamic speakers:" rPermanent magnet dynamic speakers will be die= 
ceased later. 

Referring to Fig. 12, ss the DC current passes through the'meg- 
netising.00il winding, the central Dore ie highly magnetized. The 
direction of magnetization is of little importance; it has thé top 
N and the -bottom S in Fig. 12.' The path -for the lines of force 



around the coil is extended through an iron cup on all sides of the 
central core and approaches the opposite pole atthe top. A very 
small air gap is left at the top between the N and S poles of the 

Diaphragm 

0 

Iron 

ap 

Coil 

Magnetizing Co 1 

'Fig.12 Illustrating the 
fundamental construction of 
a moving conductor speaker. 

electromagnet; hence, an extremely 'dense, steady magnetic field is 
produced in this space. The signal coil is located in this air gap. 
It is light in weight and consists of only a few turns of small wire 
wound on a circular form projecting from the apex -of the speaker 
diaphragm. 'With no A. F. current ,passing through the signal coil 
winding, the steady magnetic field between the N and S- polesof the 
electromagnet is not affected in any manner. Current through the 
signal coil, however, sets up a magnetic field around its own turns. 
The two magnetic fields interact with each other, creating attrac- 
tions and repulsions as the signal current changes. The mechanical 
forces developed by the magnetic attractions and repulsions causes 
the signal coil to move in direct accordance. The signal coil is 
securely attached to the 'diaphragm so its movement results' in a 
similar vibration of the diaphragm. Sound waves, corresponding in 
amplitude and frequency to the signal current are thus produced. 

The magnetizing winding in a dynamic speaker is more generally 
known as the "field winding" and the signal coil is generally called 
the "voice coil." These terms will be used henceforth in this les- 
son. 

The essential parts of; a typical electrodynamic speaker are 
shown in Fig. 13. A metal cone bracket such as shown at A is used 
to support the diaphragm shown at B. On the rear of the diaphragm 
is a circular, fibrous form. The voice coil is wound on this form. 
The' two leads from the voice coil winding aré shown extending along 
the side of the cone... It is important to note 'that the voice coil 
is permanently attached to the cone. The field winding, which sup- 
plies the steady, strong magnetic- field for, the dynamic speaker, is 
shown at D, Fig. 13. This winding is composed of several thousand 
turns of relatively small wire, thus enabling it to develop several 
hundred ampere -turns of magnetizing force when a DC current passes 
through it: C shows the field "cup" or "pot" which holds the field 
winding. The field coil is dropped into the cup over the iron core 
that protrudes through the center. The field winding fills all the 
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Fiq.13 Illustrating the various parts of a typical moving-con- 
ductor (dynamic) speaker. 

space between the center core and the inside of the cylindrical cup. 
The cup .is made of iron and so provides an easy path for the lines 
of force set up around the field winding. After the field winding 
is inserted in the cup, the top cover plate, shown at E, is then 
bolted to the flange on the top of the cup. The top cover plate 
has a hole in the center which permits the central core of the field 
pot to protrude. The center hole in the cover plate is i to Y$ 
inch larger in diameter than the diameter of the center core, so a 
small circular air gap is left between the center core and the cover 
plate. The magnetic field will be extremely dense in this small, 
circular gap. A DC current is always passed through the field wind- 
ing, so the strength of this field remains constant and always in 
one direction. The voice coil is located directly in this strong, 
steady magnetic field. The diameter of the voice coil winding is 
such that when assembled, it fits perfectly in the air gap between 
the central core and the cover plate, without touching either of 
them. When A.F. current changes pass through the voice coil, the 
magnetic field variations set up will interact with the steady DC 
field, thus developing the mechanical forces which cause the voice 
coil and diaphragm assembly to vibrate in accordance. 

The drawing at A in Fig. 14 shows an assembled, cross-section 
view of an electrodynamic speaker. Notice how the cone and voice 
coil "float" in the small gap between the cover plate and the cen- 
tral core leg. The outer edge of the diaphragm is glued to a flexi- 
ble cloth or chamois skin ring which in turn is securely held to 
a metal cone bracket. The flexible edge is necessary around the 
outer circumference of the cone so as to permit perfect freedom of 
motion. 
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Fia.tu a)) Cross-section view of a dynamic speaker 
B) Rear view of a dynamic speaker 

(C Front view 

The photograph at B, Fig. 14, shows a rear view of a typical 
electrodynamic speaker. Notice the cup on the rear which encloses 
the field winding; also, the metal frame which holds the outer edge 
of the cone. C in Fig. 14 is a different view to show the location 
of the cone with respect to the metal frame. 

The two fundamental parts of a dynamic (moving -conductor) speaker 
are the field winding and the voice coil winding (with the cone at- 
tached). The Quality of reproduction and the power handling capac- 
ity of aspeaker depends largely upon the design of the field wind- 
ing. The stronger the steady magnetic flux produced in the radial 
air gap by the current passing through the field winding, the greater 
will be the movement of the cone for a given audio signal and the 
louder the sound produced. Thus, it is advantageous to obtain as 
high a flux density as possible in the air gap. The strength of 
this field, however, must be selected consistent with economy and 
power consumption from the field exciting source. Speakers used to 
produce loud volume, such as on public address installations, must 
be supplied with a strong magnetizing force, even though it is more 
expensive. The smaller dynamic speakers, such as those used on home 
receivers, need not be so elaborately constructed because they are 
seldom required to reproduce exceptionally loud volume. As an aver- 
age, 1,000 to 2,000 ampere -turns of magnetizing force must be sup- 
plied by the field winding in large speakers, and about 800 to 1,000 
ampere -turns for the smaller speakers as used in radio receivers. 
The size of the wire used and the number ofturns on the field wind- 
ing are governed almost entirely upon the type of DC supply avail- 
able for the field excitation. Various methods will be discussed 
in a later section of this lesson. 

The thin, tubular form used for the voice coil winding must 
be extremely accurate in size, so as to fit perfectly in the small 
air gap between the center core and the cover plate. This gap -is 
never made more than just enough to permit free movement of the 
voice coil, with only a few thousandths of an inch clearance on 
either side. The voice coil itself is generally wound with less 
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than 100 turns of small, enameled wire; wound in several layers on 
the tubular form. An even number of lavers are used, because the 
two leads must emerge from the same end of the coil. These two leads 
are generally glued to the side of the cone, then connected to the 
secondary of the output transformer. The small clearance between 
the voice coil and the central core makes it necessary to employ a 

flexible "spider" arrangement to rigidly maintain the voice coil in 
an accurately centered position. A typical "spider" used for this 
purpose is shown in Fig. 15. 

Fig.15 Drawing to show 
the 'spider'. A 'spider' 
is used to hold the voice 
coil in a centered position 
in the midst of the elect- 
romagnetic field. 

Since the voice coil consists of only a few turns, its induc- 
tance is very small. Therefore, the resistance of the winding is 
very nearly equal to its impedance at audio frequencies below '3,000 
cycles. Ordinarily, the total impedance of a voice coil is between 
1 and 15 ohms. To transfer audio power from the power stage of a 
receiver into a voice coil, it is necessary to use an output trans- 
former which has only a few turns on the secondary winding. This 
means the output transformer must be of the step-down type where- 
in its primary impedance loads the plate circuit of the power stage 
when the voice coil is connected across the secondary winding. The 
impedance of the voice coil remains practically constant at most audio 
frequencies; therefore, the primary impedance of the output trans- 
former will also remain fairly constant. This fact is especially 
important for the reproduction of low audio frequencies. In mag- 
netic -armature type speakers, the highly inductive speaker winding 
presents a varying load impedance to the power tube, falling off 
rapidly at low audio frequencies, thus seriously impairing the low 
frequency reproduction from the speaker. This is not true with a 
moving conductor (dynamic) type of speaker, because the constant 
impedance of the small voice coil winding maintains a constant load 
impedance in the plate circuit of the power stage. The power stage 
is thereby enabled to produce normal power output throughout most 
of the audio range. 

8. METHODS OF FIELD SUPPLY. There are several ways of obtain - 
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. ing-'th-e- DC' exciting' voltage necessary to magnetize the field coil. 
The method used,is generally determined by that which is most'con- 
venient. ' 

(A) Vacuum Tube Recti ftérCircutts. typical vacuum tube rec- 
tifier circuit for obtaining DC voltage excitation to the field coil 
is shown in Fig. 16. Here, a step-up transformer produces' an AC 
voltage of approximately 200 volts each side of center tap which in 
turn is applied to the plates of the type 80 rectifier tube. A sec- 
ond winding on the secondary supplies filament power 'to the rectifier 
tube. A 2 mfd. condenser is connected across the output of the rec- 
tifier tube. It works in:conjunction with the high inductance of 
the field coil to filter the pulsating DC into anearly pure DC cur- 
rent through the coil winding. Deducting the voltage drop through 
the internal resistance of the rectifier tube, the DC voltage ap- 
plied to the field coil is approximately 180 volts. The resistance 
of the field coil must be high enough to limit the current to the 
proper value, which, in this case, is approximately 25. ma.. This 
requires a resistance of 7,200 ohms. By winding about 38,000 turns 
of #30' wire on the field -coil., a resistance of this value will be 
secured. -With 25 ma. passing through 38,000 turns, the ampere -turns 
magnetomotive force produced is 950. As stated previously, a mag- 
netitintg-force of this value is sufficient for ordinary size dynam- 
ic speakers. 

Should the field resistance be - less than 7;200 ohms, a lower 
AC voltage is required across the transformer secondary to produce 
the -same ampere -turns of magnetomotive force. Of course, a fixed 
resistor could be inserted in series with the field coil to limit 
the current, but the heat dissipated in the resistance is a loss of 
power and should be avoided. If the loudspeaker is used 'on a public 
address system where it must handle a large amount of audio"power, 
it is necessary to supply mbre'DC power to the field coirto insure 
freedom from distortion. For example, if the field coil 'is wound 
with about 20,000 turns of #28 wire and acurrent of 120 ma. passed 
through it,' then the magnetomotive force .1.s 2,400 ampere -turns, 
which is sufficient twhandle 20 watts of audio'power. 

. Fig.16 :Field excitation 
i. _ obtained from avacuum tube 

rectifier ciréuit. 

Field Voice 

o'l Coil 

AsF. 
'Signal 

(B) Contact Rectifier. Fig. 17 shows a contact rectifier 
being used to-- rectify 12 volts AO into a :DC voltage for .exciting ' 
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Fig.17 Securing the field exciting power from 
contact rectifier circuit. 

the field coil winding. Contact or "dry -plate" rectifiers do not 

have the ability to rectify a high AC voltage; however, their cur- 

rent carrying capacity is Quite high. Field coil windings that 

are to be excited from contact rectifiers are designed to secure 

their magnetomotive force with a high current passing through a few 

turns. As an example, if a 15 -ohm field winding is connected across 

a 74 --volt DC source, then ampere of DC current will pass through 

the winding. If 2,000 turns are wound on the coil, then the ampere - 

turns magnetomotive force will be 1,000. 

A 15 -ohm field coil will have a fairly low inductance, so it 

is necessary to use a high -capacity condenser across the output of 

the contact rectifier to secure a nearly pure DC current through 

the field. The condenser in Fig. 17 is a 1500 mfd. dry "A" conden- 

ser. Electrolytic condensers of this type are manufactured espec- 

ially for the purpose. They will not withstand a very high vol- 

tage, (generally 15 volts is the maximun) and must be connected in 

the circuit properly with respect to their polarity. 

(C) DC source of poZtaue. When a pure DC voltage source is 

available, it may be connected directly across the field winding, 

providing it is of the proper value. If the DC source is pulsating, 

a filter must be included to smooth out the ripples. In automobile 

receivers, the six -volt suDoly from the storage battery is always 

used for the field excitation. In most of the auto receivers, the 

field resistance is 7i ohms, which permits approximately 1 ampere 

of current to pass through the winding. With 1,00') turns of the 

proper size wire on the field coil, the maguetomotive force will be 

sufficient for average power output without danger of overloading. 
In some localities, 110 volts DC is available. This may be 

used for field excitation by connecting it across a field coil hav- 

ing about 2500 ohms resistance. Approximately 45 ma. of current 

will then flow through the field coil, so about 22,003 turns of #14 
wire should be wound on the coil to give the correct resistance and 

obtain 1,000 ampere -turns of magnetomotive force. A '42 volt DC sup- 

ply may also be used with a properly designed field coil. 

It is possible to purchase a loud speaker having a field resis- 

tance of nearly any value desired. They are designed to operate 

from voltages as low as 6 volts to as high as 250 volts. The popular 

field resistance values are 6, 7.5, 650, 1,000, 1,300, 2,500, and 

5,000 ohms. In each case, the field winding is energized by pass- 

ing the proper amount of DC current through it. If the cumber of 

turns on the winding is not. known, the manufacturer's specifications 
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should be .consulted to determine the amount of current necessary 
for proper excitation. 

(D) As choke in pacer supply. In nearly all AC operated re- 
ceivers, the field excitation is obtained by connecting the field 
coil' in .the filter circuit of the, power supply system. Fig. 18 
illustrates how the field coil winding may substituted'in place 
of the second filter choke. The field winding provides the neces- 
sary inductance for the filter circuit to efficiently smooth the 
pulsating DC into 'a pure'DC. Since the current drawn by all of the 
tubes in the receiver must pass through the field coil, it will be 
properly excited. In this way, the problem of field excitation is 
solved in a simple manner and the cost of a second choke in the 
filter system is saved. For the field coil to Work satisfactorily 
in this position, it must have a resistance of from 1500 to 2500 
ohms. Depending 'upon the design of the receiver, the total cur- 
rent drawn through the field winding is from 50 to 100'1*.; hence, 
if it has the proper number of turns, the correct magnetomotive 
force will be 'produced. 
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Another method of connecting the field coil is shown in Fig. 
19. This is used in a number of the "midget" receivers where space 
is at a premium end the cost of construction must be kept as low 
as possible. "The field coil is inserted in a lead from chassis 
(ground) to the center -tap of the high voltage winding on the power 
transformer. Thus, all the current that is drawn by the voltage 
divider and the tubes in the set must pass through the field coil 
upon £lowing from the center tap of the high voltage winding. The 
current flowing through the field coil will be in such direction 
as to produce a voltage drop with the grounded side positive and 
the other side negative. If the field resistance and the total 
current are of the proper value to produce the correct voltage drop 
across the field, that voltage, in turn, may be used for grid bias 
on the power tube. In Fig. 19, the cathode of the power tube is 
grounded and the bottom of the grid leak resistance is connected to 
the negative side of the field coil winding. Thus, the grid of the 
Power -tube is placed at a negative potential with respect to the 
cathode by an amount equal to the voltage drop across the field 
coil. If the recommended grid bias on the power tube (or tubes). 
is 50 volts, then a field coil should be selected having the proper 
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resistance value to produce that voltage drop when the total current 
passes through it. 

F.ig.19 Field excitation being 
obtained from the total power 
supply current. Also negative 
grid bias for the power tube is 
secured across the field coil. 

Power 
Tube 

, . 

9. HUM -BUCKING COILS. The current passing through the field 
coil must be a pure DC; otherwise, thé strength of ,the magnetic 
field in the circular air gap between the center córe and the cover 
plate will vary.' Since the voice coil is situated ii the midst cif 
this dense magnetic field, any flux variations will cause a corre- 
sponding voltage to be 'induced in the' voice coil winding. Voltages 
induced in it, due to this varying field, will result 'in a current 
of corresponding frequency flowing through the voice coil and out- 
but -transformer secondary circuit. The diaphragm will vibrate át 
that frequency and shwa is heard from the speaker. Obviously,' this 
must be avoided. 

Except when the DC voltage supply. is a battery, the current 
passing' through the field 'coil is that obtained from a rectifier 
circuit. If a 60 cycle supply voltage is being used,' the current 
pulsations in the output of the rectifier will be 120 cycles. Like- 
wise, a 25 cycle line supply will give a 50 cycle "ripple" current'. It is this 120 'or 50 cycle "'hum" that is heard from the loudspeaker 
when the magnetizing field current is not sufficiently filtered. 
To reduce (or eliminate) the hum from the speaker, additional fil- 
tering may be supplied -or a "hum -bucking" coil may be used. The 
filtering is 'generally quite expensive when it entails thé use of 
more. than one additional. condenser. So, in the mai ority of receiver 
loudspeakers, the hum -bucking coil is used for the solution. 

This hum -bucking coil is wound directly on the top of the field 
coil winding and consists of from 50 to 100 turns. It is notcon- 
nected to the field coil in'any--way, merely placed in inductive re- 
lationship with it. As the insufficiently filtered current passes 
through the field winding, the cyclic variations of the magnetic 
'field -will' cause a voltage to be induced in the hum -bucking coil of 
corresponding frequency. The hum -bucking coil is connected in series 
with the voice coil and output transformer secondary. This is shown 
-in Fig. 20. If the DC field varies, there will be a 120 cycle vol - 
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FIg.20 (A) Showing the location of the 'hum -bucking' coil and 
its connect) n in the voice coil circuit. 

(B) The E induced in the hum coil bucks, and tends to 
cancel. the E induced in the voice coil. 

tage (considering 60 cycle supply) induced in the hum -bucking coil 
and also a 120 cycle voltage induced in the voice coil. These two 
coils are connected in series in such a manner that the two 120 
cycle voltages buck against each other. With complete cancellation, 
there will be no flow of current around through the secondary cir- 
cuit at the hum frequency; hence, no hum will be produced from the 
speaker. If, however, the hum -bucking coil is erroneously connected 
in series with the voice coil in such a manner that the two 120 cycle 
voltages add, then Ea excessively loud hum will be produced. Care 
must always be taken when connecting the hum -bucking and voice coils 
to the output transformer secondary; make certain that the two vol- 
tages buck against each other. Some speakers have the windings 
marked and others do not. 

At first thought, it may appear that the signal current pass- 
ing through the voice and hum coil circuits would also cancel. This 
is not true, however, because the voltage source for the signal cur- 
rent variations is the output transformer secondary and not inside 
the loudspeaker itself. Then, too, the magnetic fields produced 
around the hum -bucking coil and voice coil are not in such relation- 
ship as to interfere with each other: It is not the magnetic fields 
around these two coils that buck against each other and cancel, but 
rather the voltages induced in each or them, due to the current rip- 
ple through the field winding. The signal current will pass through 
both the voice coil and hum -bucking coil with no retardance except 
the impedance of the two windings. 

It is well to point out that hum voltage cancelled by the hum - 
bucking coil is due only to that produced by the unfiltered current 
passing through the field coil. In a single -ended power output 
stage, if the current passing through the primary of the output 
transformer is not sufficiently filtered, then the 120 cycle field 
variations (assuming 60 cycle' supply) set np around the primary will 
induce a 120 cycle voltage in the secondary and 'it will be repro- 
duced from the speaker. There are no provisions made for cancel- 
ling the hum voltage that may be induced in the output transformer 
secondary so it is best to make certain that theDC primary current 
is steady. 

10. THE OUTPUT TRANSFORMER. For the operation of a dynamic 

22 



speaker: the output transformer must be designed with a primary im- 
pedance of the proper value to load the plate circuit of the power 
stage, and a secondary impedance that will match the impedance of 
the voice coil in the dynamic speaker. This reauires the secondary 
to have only a few turns and the primary a large number of turns, 
so the output transformer is of the step-down type. The signal 
voltage variations across the primary of the output trarsformer (pro- 
duced by the current changes in the plate circuit of the power 
tube) will be stepped down to a lower value across the secondary. 
The low secondary circuit impedance, however, permits a high signal 
current to flow through the voice coil, thus establish in strong 
magnetic field changes around the voice coil winding to interact 
with the steady field produced by the DC current through the field 
coil. The ,unplitude of the speaker cone's vibration depends pri- 
marily upon the amount of current changes through the voice coil. 

As an example of this, when a type 47 tube is delivering 2.7 
watts of audio power into a 7,000 ohm load with a 15 ohm voice coil 
connected across the secondary, there will be 425 ma. of signal cur- 
rent passing through the secondary and voice coil circuit. This is 
assuming that the turns ratio of the output transformer is 21.6 to 
1, which is the correct value to give an impedance ratio of 7,COG 

to 15 ohms. 

11. PERMANENT MAGNET DYNAMIC SPEAKERS. Quite often in loud 
speaker installations, it is desirable to use a speaker that has 
good frequency response, but at the same time, it is inconvenient to 
obtain the field exciting current for the operation of an electro- 
dynamic speaker. Among such applications are: battery -operated 
farm receivers and P.A. installations in schools, churches, apart- 
ments, etc. To satisfy this demand, permanent dynamic speakers have 
been perfected. They are properly classified as "moving -conductor 
speakers", because they employ a voice coil winding the same as the 
electrodynamic speaker .just discussed. Tne essential difference, 
however, is that a strong permanent magnet is used to supply the 
steady field around the center core, rather than an electromagnet. 
Permanent magnet dynamic speakers possess all the advantages of 
electrodynamics, except that they cannot be made to handle exception- 
ally high audio power outputs. The maximum power handling capacity 
for the largest of these speakers is approximately 15 watts. 

The construction of a typical permanent magnet speaker is shown 

in Fig. 21. Compared to an electrodynamic speaker, it car be seen 
that the construction is practically the same with the exception 
that a strong permanent magnet replaces the electromagnetic winding. 
To obtain sensitivity with this type speaker, it is essential that 
the magnetic flux, produced by the permanent magnet in the circular 
space between the central core and the cover plate, be as strong 
as possible. Various alloys of magnetic material are used to obtain 
the magnetomotive force necessary and to assure a lasting satisfac- 
tory performance. In one type of permanent magnet dynamic speaker, 
the magnet is made of a high grade steel containing about 151 cobalt. 

1 The relationship between the turns ratio and impedance ratic of a transformer 

will be thoroughly discussed in lesson u of Unit 3. 
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The first permanent magnet speakers that appeared on the com- 
mercial market were rather inefficient, due to the inferior proper- 
ties of the permanent magnets then available. Recent research has 
resulted in new discoveries and the later permanent magnet speakers 
have, not only vastly improved efficiency, but the weight, size, 

Moving f Coil 
Magnetic 

Flux Fig.21 D -awing to illus- 
trate the construction of a 
permanent magnet dynamic 
speaker. 

and cost have been reduced. Modern P.M. dynamics have an unusually 
short dimension from front to back, thus making it applicable in 
numerous cases where an electrodynamic would be cumbersome and in- 
convenient. A remarkable saving is also made in power consumption, 
because no field winding is used. The frequency response charac- 
teristicsof the newer P.M. speakers are fully equal to the electri- 
cally energized dynamic speakers having the same size cone. Elec- 
tro and P.M. dynamic speakers are identical in essential design fea- 
tures, the only difference being that a permanently -magnetized field 
structure is used instead of an electrically -excited coil. The tone 
quality is practically the same, so a selection between the two 
types of sneakers depends mostly on convenience and the expense in- 
volved to provide field coil power. 

Fiq.22 

(A) (B) 

(A) 12' wright Decoster permanent magnet dynamic speaker. 
8 12 Jensen permanent magnet dynamic speaker. 
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Al2" Wright Deooster P.M: speaker capable of handling 15, watts 
of audio power is shown at A in Fig. 22. In this speaker, the voice 
coil impedance is 5.5 ohms at 400 cycles. A 12" Jensen P.M. dynan- 

t 'io is shown -at B in Pit. '22. It is capable of handling from 12 to 13 watts and has a voice coilimpedaáce of B ohms at !00 cycles. 
Yew' alloys- are constantly being' developed by speaker nanufac- 

tures for use in P.M. speakers. With all of this develowment proc- 
1` .less, the objective i9 to obtainstrontér permanent magnets; that 

are capable of naintaininktheir orifinal aagnetisn over long periods 
' of time. Through research; 'they are also áttemptiñg to reduce their 
size and weight. .loo doubt P.M. dynamic speakers will be quite popn- 
lar in future loudspeaker applications. 

a . 

Path of 
hSound Wave 

F'ia.23 Eight inch loudspeaker 
without a baffles 

,r . !* a'.'kd 
.S 

i 

12. BA1?FLBS. A "baffle" is a flat or box -shaped piece of 

solid, non-resonant 'material used to increase the extern.l measurable . 

distance from the front to the rear of the speaker cone. Baffles. 

are necessary to obtain good low frequency reproduction from 'a - 

speaker, because they serve to prevent a cancellation of the front 
and back., waves !emitted _from the vibrating cone. Fig. 25 shows a 
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',typical 8"' electrodynamic speaker. without a baffle. Measuring the 
actual distance frost the center 'of - the front of the cone to 'the 
center of the rear; it is found to be about 9". This is called the 
"baffle -length". This distance is insufficient to 'permit the prop-,-- 
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er reproduction of audio frequencies less than about 900 cycles. 
nigher audio frequencies will be reproduced properly, but when a 
partial or complete cancellation of the low frequencies occurs, the 
speech and music sounds very "tinny" and unnatural. If the 8" speaker 
shown in Fig. 21 is placed in the center of a baffle board 4 feet 
square (shown in Fig. 24), the upon measuring the shortest dis- 
tance from the front to the rear of the cone, it is found to be 
slightly more than 4 feet. This allows all audio frequencies down 
to about 70 cycles to be reproduced without undue cancellation. 
For 90 - cycle reproduction, a baffle - length of about 11 feet is 
necessary. 

2 

(A) 

Fiq.25 (A) Single cycle of 
AC current passing through the voice coil. 

(Bl Positions of the speaker cone at various instants during the cycle shown at A. 

Normal Position 

Normal ( 
I 

Normal 

Rarefaction (I I Compression 

3 

Normal l I Normal (B) 

Compression Rarefaction 

Normal . I Normal 

Cancellation of the front and back pressure waves emitted from 
a vibrating cone occurs when the shortest measurable distance (baf- 
fle -length) from the front to the rear of the cone is less than 
the wavelength of the frequency being reproduced. This can be ex- 
plained by referring to Fig. 25. At A in this figure, one cycle 
of an alternating current is shown. At B the cone positions at the 
various instants throughout the cycle are indicated. First, when 
there is no current passing through the voice coil (point A), the 
cone of' the speaker is at its normal position. The current increase 
on the positive alternation canses the cone to move forward (to tite 
right), as shown by position 2 in B. The air molecules directly 
in front of the cone are compressed as it moves in this direction 
and, at the same instant, a rarefaction of the air molecules at the 

1 The cycle of AC shown at (A) is assumed to be passing through the voice coil oftne speaker. 
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back of the cone occurs. Decrease of the voice coil current from 
2 to 3 (in A) causes the speaker cone to return to normal, as shown 

by position i in B. Then, the reversal of the voice coil current 

causes the cone to be moved back from its normal position, thus 

creating a rarefaction of. the air molecules at the front of the 

cone and a compression at the rear. The return of the voice coil 

current back to zero (from 4 to 5) causes the cone tó'return to its 
normal position. Throughout the one cycle of alternating current, 

the cone of the speaker has gone through four distinct changes. 
It should be noticed that the compressions and rarefactions of the 

air molecules occur simultaneously on opposite sides of the cone; 

that is, they are exactly 1.80 degrees out of phase. The amplitude 

of the cone's vibration determines the intensity or strength of 

both the back and front waves. Should anything occur that tends 

to decrease the relative strengths of the compressed and rarefied 

pressure waves, then the volume of sound from the speaker is de- 

creased. This is exactly what happens when attempting to reproduce 

low frequencies from a speaker that is not provided with a baffle. 

Both the front and back sound waves from -a speaker spread out 

in all directions from the vibrating cone. It is easily possible 

for a compressed front wave to traverse the short distance around 

an unbaffled speaker cone to the rear and neutralize the rarefied 

condition of the air molecules at that instant. Likewise, a com- 

pressed rear wave can partially or completely neutralize a front 

rarefied wave, if permitted to reach the front of the speaker cone 

at the instant of rarefaction. To determine whether or not this 

neutralization of the front and back waves will occur, we must con- 

sider the speed and wavelength of the sound wave being reproduced. 

Since the speed of sound waves through air is always 11?0 feet per 
second (at 63 degrees F), then the wavelength of the soand wave is 

all that requires consideration. Throughout one cycle of audio 

'current through the voice coil, four distinct changes occur in the 

cone position. From 1 to 2, a front .compression and rear rarefaction 
is being produced; from 2 to 3, the air molecules at. the front and 

rear are returning to normal; from 3 to 4, a rear compression and 

front rarefaction is generated; then from 4 to 5, both waves again 

return to normal. It is durin# the instants of these chantes that 
cancellation must not occur. Since there are four changes over one 

wavelength, the actual distance traveled by each of these changes 

is á the wavelength. Fig. 26. illustrates the four changes. It is 

only during these 'chantes that the front and rear waves are exactly 
180° out of phase, so it is only over the distance traveled by the 

chances that a cancellation can occur. A partial cancellation re- 

sults in decreased volume, but with complete cancellation, there 

is no sound at all. 
Let us assume that the current through the voice coil has a 

frequency of IGO cycles per second. The wavelength of the sound 

wave' is then 1110 (velocity) divided by 100, or 11.3 feet. If the 

distance traveled by the complete cycle in one second is 1L1 feet, 
then the distance traveled by each change is á of 11.3, or 2.82 

feet. Thus, if the shortest path from the front to the rear of the 

' Refer to section 7, Lesson 6. 
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cone is not equal to or greater than 2.82 feet, a partial cancel- 

lation of the front and rear pressure waves will occur. F.y placing 

2nd change 

I 

I 

4th change 

3 
WIE-91.15 

Ilst change I 

1.1-1..1 4 
I 

3rd change 

I Cycle 
I 

Fiq.26 Illustrating the 
four Changes of cone posi- 
tion on an AC wave. 

the speaker in the center of a flat board or inside a box, the 

shortest sound wave path can be made in excess of 2.82 feet, and 

the 100 cycle note will be properly reproduced at normal volume. 

Calculation of the baffle -length necessary to properly repro- 
duce audio frequencies can be performed by the use of the follow- 

ing formula: 

Baffle length = ,', of the wave length. Since 

R.L. = A x 1110 
F 

= 1190 
4 xF 

- 282 

F 

Ir L 
= 1F , 

Where: ''.L, is the baffle -length in feet 

F is the frequency in c.p.s. 

then 

By using the last formula, calculation of the baffle length 
is greatly simplified. For example, the baffle length necessary 

for 10 cycle reproduction is: 

12b2 = 9.4 feet 
10 

For 75 cycle reproduction, the baffle length is: 

= 1.7 feet 

Higher audio frequencies require less baffle -length because the 
wavelength is shorter and the actual distance traveled by each 

change is correspondingly less. Thus, for 1,000 cycle reproduction, 
the baffle length need only be: 

282 - 
1,000 .282 

feet 
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Since this is only a distance of about 4", it is readily apparent 
that the cone itself serves as an effective baffle for high fre- 
quency reproduction. 

The curve in Fig. 27 illustrates the relation between frequency 
and baffle -length. It may be used to expediate the determination 
of the baffle -length necessary for low frequency reproduction. 

In console radio receivers, the large cabinet itself is gener- 
ally of sufficient size to serve as a baffle for good low frequency 
reproduction. Of course, there are very few radio receivers where- 
in the shortest path from the front to the back of the cone reaches 
a distance of 9 feet, such as required for 10 cycle reproduction. 
However, these extremely lov audio frequencies are seldom transmitted 
from the broadcast station. 75 cycles is considered the lowest 
common audio frequency note. In Fig. 27, it is seen that a baffle - 
length of about 45" (around 4 feet) will be sufficient to properly 
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Fiq.27 Graph showing the relation between frequency of a 

sound wave and baffle length. 
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reproduce an A.F. note of this frequency. The small, table models 
and "midget" receivers do not have sufficient baffle length to give 
good low frequency reproduction. Some manufacturers accentuate the 
low frequency gain in the A.F. amplifier to .partially compensate 
for the impaired low frequency reproduction, however, this necessi- 
tates additional expense and is not in general use. The smaller 
receivers are not guaranteed nor expected to have exceptionally good 
tone quality. - 

The back of a box or cabinet type baffle should always be left 
open so as to permit free circulation of the air. Should the rear 
of a speaker be closed tightly, the backward cone movement is op- 
posed; also, "resonance" effectsare set up inside the cabinet, 
which result in unnatural reproduction of certain audio frequencies. 
An enclosed speaker does completely solve the problem of baffling; 
but the resonance effects that accompany such construction renders 
it unsatisfactory. Lately, manufacturers have devised acoustical 
systems such as the "Labyrinth", the "Magic Voice", etc. An acous- 
tical "Labyrinth" type of baffle is shown in Fig. 28. The fiont 
waves are emitted from the cone, but the back waves must take a 
long, winding path through the Labyrinth before they emerge from 

Sound From 
Rear of Speaker 
Does not enter 
Main Part of 

Cabinet 

Path of 

Sound Wave, 

h 

Sound Waves 
From Rear of cone 
issue from the bottom 
of the rear of the 
Acoustical labyrinth. 

(Both Sides/ 

Fig.28 Drawing of the 
Stromberg-Carlson acous- 
tical Labyrinth. 

the bottom of the receiver cabinet. This space saving type of baf- 
fle has been developed by the Stromberp-Carlson Company. The walls 
of the Labyrinth are covered with sound absorbing material; thus, 
"resonance" effects are avoided at the higher frequencies. Non- 
resonánt materials, such as acoustex, celotex, etc., are excellent 
for the construction of a baffle. In the acoustical Labyrinth, by 
use of the proper materials in conjunction with the cavity area, 
the "resonance" is made broad and over that portion of the low fre- 
quency spectrum that is deficient in the output of the A.F. ampli- 
fier. Being resonant over a broad portion of the low frequency 
range increases the reproduction at.these frequencies; hence, the 
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over-all frequency response of the amplifier and speaker combined 
is made quite flat. 

Reproduction from a console type receiver is considerably dif- 
ferent when the receiver is placed in the center of a room than 
when it is moved back against a wall. Its distance from a wall or 
a corner affects the quality of reproduction to a great extent. 
This is due to the angle and intensity of the back wave as it is 

reflected from the walls of the room. Quite often the service - 
engineer finds it necessary to experiment with the location of the 
receiver in a room, so as to determine the most desirable position. 
If the receiver incorporates an acoustical Labyrinth, Magic Voice, 

or any of the other "controlled" back wave arrangements, the receiver 
location is immaterial. In such receivers, the back wave is not 

directed from the open hack of the cabinet toward Inv reflecting 
surface, so the same reproduction is obtained when it is set in the 
center of a room as when it is against a wall. 

13. THE R.C.A. MAGIC VOICE. When a loudspeaker is housed in 

a console cabinet, a fairly large baffle area is provided (at least 
much larger than on table models), but two difficulties are en- 
countered. First, the effective baffle area is not sufficiently 
great to reproduce faithfully all of the low frequencies of music 
and, second, the barrel resonance effect of the partially closed 
cabinet space back of the loudspeaker results in an over accentua- 
tion of certain parts of the low frequency register. While this 
does not seriously disturb the reproduction of musical selections 
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Fiq.29 Drawing of the 
RCA Magic Voice. (Court- 
esy Radio Engineering) 
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(in fact, it is beneficial), its effect upon the reproduction of 
speech, particularly certain male voices whose fundamental pitch 
is in the region of cabinet resonance, is to exaggerate the voice 
fundamental with a resultant "hoomv" type of reproduction which is 
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very undesirable. 
The receiver designer is therefore faced with the necessity 

of compromising between the requirements of good musical reproduc- 
tion and those of good speech reproduction. If the cabinet is de- 
signed so as to reproduce the lowest musical notes at their proper 
loudness, then the "booming" male speech will be so loud as to render 
the speech disagreeably unnatural, or in some cases, almost unintel- 
iigible. On the other hand, if the low frequency amplification is 
reduced to the point where speech sounds natural, then the lower 
musical notes are not properly reproduced. There has been some 
effort toward suppressing the back wave from the loudspeaker since 
this is the wave that gives the trouble from cabinet resonance ef- 
fects. Another solution which has been worked out to a higher de- 
gree of satisfaction is not to try to suppress the back wave, but 
to control it and make it work with, rather than against, the front 
wave by reversing it in phase so that it may combine with and re- 
inforce the sound from the front of the speaker. A satisfactory 
device which accomplishes this result has been given the commercial 
name of "Magic Voice". The constructional features of the device 
as well as a brief description of its theory are as follows. 

Fig.30 Photograph of 
an RCS receiver with the 
back removed to show the 
Magic voice pipes. (Court- 
esy Radio Engineering.) 

En order to control the back wave, the first attempt was to 
rigidly enclose the cavity behind the loudspeaker. The effect of 
this was to completely urevent all interference between the back 
and front waves so that low notes, previously below the cutoff of 
the system and, therefore, not reproduced, may be then reproduced 
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efficiently (neglecting resonance effects). Such an arrangement, 
however, was found to be inefficient in that it did not utilize the 
back wave fromtheloudspeaker. In order to utilize this hack wave, 
it is first necessary to provide means whereby its phase might be 
reversed to that it would be in proper phase relation to reinforce 
the sound waves from the front of the speaker. This phase reversal 
was accomplished by using five metal tubes or pipes, situated in 
the bottom of the cabinet with their tops and bottoms open. Thus, 
they form an array of parallel paths through which the sound energy 
from inside the cabinet may radiate to the outside. They act in 
conjunction with the enclosed cavity as an acoustic -low pass filter 
on the sound emerging through them and are so proportioned mechan- 
ically as to cause a reversal in the phase of this sound. Rein- 
forcement of the sound from the front of the loudspeaker is thus 
obtained with the resulting increased efficiency. Fig. 29 shows a 
sketch of the cabinet construction using the Magic Voice arrange- 
ment and Fig. 10 shows a photograph of a radio receiver employing 
this device, with the back removed to provide a view of the interior. 

In several of the 1918 RCA Victor receiver cabinets, the "Sonic - 
Arc" Magic Voice construction is used. This is shown in Fig. 11. 
Proper control of the acoustic properties of the cabinet is obtained 
by the use of the curved panel of thin wood closing the back and 
bottom, with openings along the front bottom edge. These openings 
are correctly proportioned to produce the most desirable acoustic 
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Fig.31 View of RCA receiver showing the struc- 
tural details of the 'Sonic -Arc". 
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effect. This panel confines the air in the cavity with sufficient 

rigidity despite its thinness, because of its curved shape which 

has much greater surface stiffness than a flat panel many times 

greater in thickness. Openings, necessary to the operation of the 

device, are provided in the form of a row of holes near the bottom 

front edge of the curved panel, together with certain openings in 

the corners of the cavity and around the chassis itself. These 

combined openings have the acoustic properties necessary to pro- 

duce a maximnnllow frequency response. In the original Magic Voice, 

and in some of the 1918 combination phonograph -radio instruments, 

the openings are provided through pipes. The pipe construction is 

an alternative form more suitable in certain cabinet constructions, 

but the small openings without pipes give the desired effect with 

the Sonic -Arc construction. The principle of operation of the Sonic - 

Arc Magic Voice is similar to the earlier form of Magic Voice using 

the tubes. 

14. HIGH FREQUENCY SPEAKERS. In view of the deficiency of 

high frequencv reproduction from ordinary permanent and electro- 

dynamic speakers, a different type of dynamic loudspeaker has been 

developed by the Bell Telephone Laboratories. Its construction is 

similar to the dynamic speakers previously discussed in that it 

employs a field winding for the production of a steady magnetic 

field and a voice or moving coil, through which the signal current 

is passed. It is different, however, in that it uses a moving dia- 

phragm and horn for the emission of the sound waves rather than a 

vibrating cone. .\ photograph of such a high frequency speaker is 

shown at A in Fig. 12, and adetailed construction of the mechanism 
in the throat of the horn is shown at B. The moving (voice) coil 

is wound on the flanged edges of a light, parabolic diaphragm and 
vibrates ir a small air chamber at the throat of the horn. The 

throat and diaphragm are designed so as to permit the reproduction 

of only the higher audio frequencies and the air passages at the 
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(a) Drawing to show the details of the `throat' in 

the high frequency speaker illustrated at A. 
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throat ate proportioned so as to direct the high frequency sound, 
waves film the flared end of the demountable horn. The speaker il! -_ 

lustrated in Fig. Z2 is designed.to operate from 1,000 cycles up to =-, ;. 

and including 12,000 cycles. For the lower frequencies, a large -- 

electrodynamic speaker west be used. In conjunction with each. " 

speaker, asinine network. or filter is used to allow only.those fre- 
quencies which are in the efficient range of the speaker to be re- . 

Produced by that speaker. Such an arrangement, is shown in Fig. 11. ' 

A two -speaker system of this typegreatly improves the fidelity of 
reproduction from a radio receiver. 

e 
W 

Ho 

Iph Frequency 
Speaker 

Low Frequency 

Speaker 

Fig.', Filter circuit used with dual-speaker system. 

If a dual -speaker arrangement is employed, the response of the 
audio amplifier that drives the speaker must -be exceptionally good. 
For proper operation. it should deliver equal audio power at all 
frequencies from 30 to 12,000 cycles. When turned for low volume, 
the low -frequency output of the amplifier should be accentuated 
in order to compensate for the normal deficiency of the human ear: 
This means that a tone -compensated volume control, or an automatic 
bass control circuit should be incorporated in the circuit design 
to realize maximum benefits from such an extensive speaker array. 

A crystal speaker may -also be used for reproduction of the 
higher audio frequencies. Filters, as shown in. Fig. '3, are not 
.generally used with .s crystal speaker, but rather it is connected 
to the amplifier's output by one of the coupling methods illustrated 
in Fig. 11. 
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THE LAMP OF KNOWLEDGE 
PERFORMS FEATS OF MAGIC IF YOU USE IT RIGHT. 

When you were a little fellow, climbing up on your Dad's 

knee, you must have heard the story of Aladdin and his Magic 

Lamp. How he could rub his hand against its side and fhe.'Genie' 

would appear, ask what his young master desired, and it would be 

done. 

Naturally, the story of Aladdin was a children's tale, car- 

rying a child's imagination to untold heights. Childhood is 

filled with stories of magic. 

But manhood is filled with stern fact. Sure, we'd like to 

put off facing the facts as long as possible, but it simply can't 

be for very long. All too soon the time comes when responsibili- 

ties stare us in the face and there isn't anything we can do about 

it but back down, and buckle down. 

You know that. It's the reason you are studying this les- 

son, and the lessons that are in your book -rack, and the lessons 

that are still to come. You are after whatever you can get 

to gain the highest possible success consistent with your efforts 

Like Aladdin's lamp, though, Midland lessons are bound to 

be the means of getting results for you that you could not obtain 

otherwise. These lessons demand attention, the same as the Magic 

Lamp. But you rub them in a different way I Each page should 

be grasped near the top corner and held firmly until you have 

gained the knowledge it contains. Then the next page is grasped 

in the same way. 

And one of these fine days the Genie will appear and say, 

'You are a 'too' Radio man'. And being a 'top' Radio man, you'll 

find the facts and responsibilities that once looked so stern and 

impossible, are not so bad after all, BECAUSE YOU ARE READY TO 

MEET THEM ON THEIR OWN GROUND! 

Remember always, 'RUB THOSE PAGES', and the harder you 'rub,' 

the bigger the 'magic'I 

Copyright 1942 

By 

Midland Radio & Television 
Schools, Inc. 

PRINTED IN U.S.A. 

Or1E$ 
KANSAS CITY, MO. 



Lesson Thirty 

MULTI - 
ELEMENT 

TUBES 
,. 

Rok- 
/T 

', 

"The development of spe- 
cial types of multi -element 
vacuum tubes has made it ooss- 
ible to design radio receiving 
sets using only a very few tubes. 
In some cases, one of these newer tubes 
can efficiently replace as many as three of the older tubes. 

"One of the latest advances in tube design is the "all metal" 
type of construction. Its construction and advantages are discussed 
in the first part of this lesson. 

"I believe you will find the study of this lesson a fitting 
climax for your fundamental foundation in radio." 

1. ALL -METAL TUBES. A cut -away view showing the internal 
structure of 'a typical RCA all -metal tube is shown in Fig. 1. In 
contrast with the metal tube construction, the assembly of a glass 
tube arranged in the progressive stages of construction is shown 
in Fie. 2. The metal tube is a type 6J7 and the glass tube illus- 
trated is a type 6A7. Careful consideration of the fundamental 
structure of the all -metal tube will show wherein it differs from 
the glass tube. 

Primarily, the function of the envelope of a radio tube is 
that of maintaining the high vacuum essential for operation of the 
tube. Glass performs this duty very well, but its use imposes cer- 
tain limitations as to tube structure and electrical characteristics. 
The all -metal tube construction was designed originally by General 
Electric engineers. The all -metal construction not only takes care 
of vacuum requirements, but also avoids many of the design limita- 
tions imposed by the use of glass. For instance, the remarkable 
feat of resistance welding, with special welding apparatus that 
permits a flow of current of approximately 75,000 amperes for slm of 
a second, has been accomplished for metal tube manufacturing by the 
use of the General Electric thyratron tubes to control the precise 
timing of the weld. This permits the accurate control of a tremen- 
dous amount of heat for only a split part of a second without chang- 
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I -SOLDER 
2 -CAP INSULATOR 
3 -ROLLED LOCK 
4 -CAP SUPPORT 

5 -GRID LEAD SHIELD 

4 -CONTROL GRID 
7 -SCREEN 

6 -SUPPRESSOR 

/-INSULATING SPACER 

IS -PLATE 
11 -MOUNT SUPPORT 

11 -SUPPORT COLLAR 
13 --GETTER TAB 

14 --GLASS READ SEAL 

IS -EYELET 

I4 --LEAD WIRE 

17 -CRIMPED LOCK 
14 -ALIGNING KEY 

It -PINCHED SEAL 

20 -ALIGNING PLUG 

21 -GRID CAP 
22 -GRID LEAD WIRE 
23 -GLASS BEAD SEAL 

24 -EYELET 
25 -GRAZED WELD 

25 VACUUM -TIGHT STEEL 

SHELL 

17 -CATHODE 
26 -HELICAL HEATER 

21 -CATHODE COATING 

30 -PLATE INSULATING 

SUPPORT 

II -PLATE LEAD 

CONNECTION 
32 -INSULATING SPACER 

33 -SPACER SHIELD 

34 -SHELL -TO -HEADER 

SEAL WELD 

36 -HEADER 

34-5HELL CONNECTION 
37 -OCTAL BASE 

ERASE PIN 

31 -'OLDER 
40 -EXHAUST TUBE 

Fiq.1 Internal construction of a typical all-metal tube. 

ing the physical characteristics of the metal. For this reason, 
the process is used extensively in the manufacture of all -metal 
tubes. It is.used for welding the shell to the header (34 in Fig. 
1) and thus closes the outer container or shell with a perfect air 
tight seal. This type of welding is also used for welding the metal 
exhaust tube (40 in Fig. 1) to the header. Thus, it is possible to 
make a radio tube of metal construction which proves to be just as 
capable of holding a vacuum asthe glass tube. The substitution of 
metal for glass also lends itself better to precision requirements 
of high speed tube manufacture and assembly. 

In a glass tube, the glass stem is the foundation upon which 
the electrode structure is built. The glass stem is labeled "1" 
in Fig: 2. The metal type of construction eliminates the need for 
this stem. The purpose of the glass stem, of course, is to provide 
seals for the lead wires and a seal to the glass bulb. In place of 
the glass stem, the all -metal tube employs a flanged steel disc 
known as the "header." The lead wires connecting the base to the 
internal electrodes pass through perforations made in the surface of 
this header. Air tight insulation of these lead wires as they pass 
through the header is an important requirement and has been met by 
the development of a metal alloy called "fernico.l1 This metal al- 
loy bonds readily to certain special kinds of glass and has the same 
temperature coefficient of expansion as glass. Fernico eyelets are 
electrically welded with thyratron control into the perforations of 
the header. One of these eyelet connections is marked "15" on Fig. 
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Fiq.2 Assembly of a glass tube arranged In the progressive stages 
of construction. 
1. The process is somewhat as follows: A glass beaded wire is in- 
serted in each eyelet. The header is then heated to a temperature 
high enough so that the small glass beads melt and flow down into 
the eyelets. In cooling, both the glass and the fernico eyelet con- 
tract as one, thus making a perfect, air -tight seal and cne having 
excellent insulation between lead wire and eyelet. The header used 
for the electrode support in the all -metal tube is very strong and 
extremely rigid because of the reinforced construction, thus making 
it quite satisfactory for the electrode support. 

Building the electrodes directly on the header permits an ad- 
ditional outstanding advantage, in that the electrical connections 
are only about to ithe length of the glass type stems. The mech- 
anical mounting, together with the circular arrangement of the leads 
in the header stiffens the internal construction of the tube against 
tendencies to bend or warp out of place. The upper part of the 
metal tube electrode structure is rigidly supported due to the snug 
fit of the grid lead shield into the dome of the steel shell. Since 
the metal construction of the header is unaffected by the higher 
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temperature caused by the close proximity of electrodes, heat dis- 
sipation in the tube is amply taken care of. Actual comparison re- 
veals that the size of the metal tube is less than half the size of 
a corresponding glass type tube; the result of careful engineering 
design. Fig. 3 shows several glass tubes with their all -metal equiv- 

, 
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..r -4r Fig.3 Showing the contra5t in sizes between metal tubes and glass tubes of corresponding rating. The metal tube on the extreme right is a duo -diode, which does not have a glass equivalent. 

alents. The smaller size of the metal tube is not due to its smal- 
ler electrodes, nor have any sacrifices been made in other tube 
qualities. In fact, along with these structural features, certain 
electrical characteristics are also improved. In the metal tube, 
the lead connections from the electrodes of the tube to the base 
are much shorter than for a glass type tube. This is evidenced by 
the direct comparison illustrated in Fig. 4. The total length of 
the grid lead to the cap on the top of the tube is also shortened 
in the metal tube construction. 

Fig.d Cut -away views 
to compare the internal 
structure of a metal and 
a glass tube. 

In glass tubes, there is a tendency for an electric charge to 
accumulate on the inside wall of the glass envelope. The accumula- 
tionof this charge results in spontaneous discharges while the tube 
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is operating, thus giving rise to considerable noise. In the metal 
tube construction, this is entirely eliminated. The reason for the 
accumulated charge on the inside wall of a glass tube can be ex- 
plained as follows: Some of the electrons that are emitted from 
the ends of the cathode escape around the edges of the plate and 
travel toward the glass wall, due to their velocity and angle of 
Projection. Normally, one might assume that these electron would 
be attracted back to the plate. This would be true' if the glass 
wall did not -create an unusual effect. If the glass wall of the 
tube was only of glass material, the chances are the electrons 
would be attracted back to the plate. However, there is another 
fact. which must be taken into consideration. During the process 
of manufacturing vacuum tubes, it is necessary to use some getter 
material to clean up all of the gas in the tube. When this get- 
ter, which is usually magnesium metal or some similar substance, 
is flashed, the glass will take on a very thin coating of the get- 
ter material. The material forming the coating on the glass wall 
is now capable of taking an electric charge since it is actually a 
very thin, metallic film. The metallic shield that always encloses 
the glass envelope of a glass type tube is at ground potential and 
the plate of most tubes is operated at about 250 volts. Thus, be- 
tween the plate of the tube and the shield outside the glass envel- 
ope, there is generally about 250 volts pressure. Now note the 
position in this area between the shield and the plate occupied by 
the metal film on the glass wall. Since the film is floating free, 
it is not at zero potential. Also, since it is necessarily at some 
distance from the shield, it lies in the region of a certain posi- 
tive potential with respect to ground. For purposes of illustration, 
let us assume that it accumulates a positive charge of about 25 volts. 
It' may., of course, be more or less than this, depending epon condi- 
tions. Due to the metal fill being at a positive potential, the 
electrons, even though decreasing in velocity as they move away from 
the plate, are traveling at a speed so that when they' hit the ppsi- 
tively charged metal film, they knock out secondary electrons. Some 
of these secondary electrons are drawn back to the plate, but since 
the number of primary electrons striking the film is less than the 
secondary electrons emitted, the metal film becomes more positively' 
charged than before. Hence, we find that a positive charge is rap- 
idly built up on the metallic film covering the inside glass wall 
of the tube. This in turn will tend to exert a greater attraction 
for the primary electrons. Eventually we will have a sufficient 
number of electrons attracted to this glass wall so that the elec- 
tron stream to the glass wall can be treated as a resistance in the 
same manner that we treat the electron stream from the cathode to 
the plate. Also, since the metallic film is charged positively with 
respect to ground, we cam assume that a capacity exists between the 
metallic fila of the glass wall and the shield:likewise, a capaci- 
ty exists between the plate and the metallic film. 

If the plate circuit of the tube is loaded with a tuned cir- 
cuit, as shown in Fig. 5, then the actual electrical conditions ex- 
isting in the circuit with the accumulated charge on the glass wall 
of the tube would be as represented in Fig. 5,, Here, C: is the 
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capacity between the plate and the metal fila, Cs is the capacity 
between the metal fila and the shield outside the glass envelope 
and R is the resistance of the path between the plate and the metal- 
lic fila on the inside of the glass wall. If the effect is to cause 
the extra circuit to be more capacitive than resistive, the plate 
circuit is detuned with a resultant decrease in sensitivity. If it 
is more resistive than capacitive, you might expect a loading ef- 
fect on the tuned circuit, which again would decrease sensitivity 
and reduce the selectivity of the tuned circuit. This, of course, 
is very undesirable. 

Cs 

C1 

Fig.5 Equivalent elec- 
trical circuit developed 
by static charge accumu- 
lation in a shielded glass 
tube. 

Another effect is also produced by this building up of a charge 
on the glass wall. The wall coating is generally not uniform and 
the primary electrons striking the wall actually cause more secon- 
dary elec%ons to be knocked off some portions of the wall than oth- 
er portions. The result is that the wall will not be uniformly 
charged; one portion will be at ahigher potential than an adjacent 
portion. Wherithe potential difference between these adjacent por- 
tions becomes large enough, it is found that the charge of highest 
potential arcs over to the charge of lower potential. These arcs 
abruptly change the secondary emission current' which builds up e- 
mail voltage across the tuned plate circuit. Due to the high amp- 
lification that follows the tube in which this occurs, the small 
voltages may ultimately appear as excessive noise in the output of 
the receiver. 

Obviously, for glass tubes to give satisfactory operation, it 
is necessary that some preventive means be taken to eliminate the 
detrimental effects just stated. One protective method is to coat 
the inside wall of the glass tube. with a thin layer of carbon over 
the region where the stray electrons land. A coating of carbon has 
a very rough surface which would break up any metallic fila that 
would tend to deposit on the wall of the tube. Also, the carbon has 
the property of resisting secondary emission effects. This treating 
process is employed in some of the glass type tubes such as the 57, 
58, 6C6 and 6D6. 

A second protective method against the charge accumulation is 
to place a metal shield between the plate and the glass wall. This 
metal shield is either connected to the screen grid or to ground. 
This arrangement causes any stray electrons to be drawn either to 
the shield or else repelled back to the plate so that they are un - 
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able to bombard the glass wall. This method is used in glass type 
tubes such as the 77, 78, 6B7, etc. 

In a metal type tube, the grounded metal shell prevents this 
undesirable effect automatically and very efficiently. No extra 
parts, processes, or treatments are necessary with a metal tube. 
The electrons which may shoot past the plate will be at zero veloc- 
ity when they reach the grounded shell and therefore cannot strike 
it sufficiently hard to cause secondary electron emission, but rath- 
er float around and eventually return to the plate. The charge ac- 
cumulation effect is entirely eliminated with the all -metal tube. 

Fig.6 Drawings to il- 
lustrate why the constric- 
tion and shape of a metal 
tube decreases the possi- 
bility of electrode vibra- 
tion. 

The construction and shape of all -metal tubes permits less pos- 
sibility for vibration to be set up in their internal elements. 
Fig. 6 shows an outline drawing of a typical glass and metal tube. 
The black dot indicates the center of gravity and the location of 
the tube elements is roughly approximated by the small dotted rec- 
tangel. The shorter and more compact structure of the metal tube 
avoids the tendency for motion. If the tendency for motion is 
avoided, then we can expect less noise due to the reduced vibration 
of the electrodes. 

fig.7 Showing how the ground- 
ed shell of a metal tube provides 
practically perfect shielding of 
the electrodes. 

Perfect electrode shielding allows more gain to be secured be- 
fore instability due to feedback through the plate -to -grid capacity 
is reached. In all -metal tubes, the plate -to -grid capacity is neg- 
ligible in value. A drawing to illustrate the improved shielding 
provided by the grounded shell is shown in Fig. 7. The dotted line 
shows that a slight capacity will exist between the control grid 
and the shell, but, since the shell is grounded, the external ca- 
pacity between the control grid and plate of the tube is short-cir- 
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cuited. The internal capacity between the control grid and plate is of negligible value due to the grounded (R.F. ground, not DC) 
screen grid. 

The grounded shell of an all -metal tube is often called a "per- manent shield." This means that the grounded shell itself serves as a shield for the internal elements and, being of strong mechan- ical construction, the relationship between the internal electrodes and the shell is always the same; that is, permanent. The usual tube shield placed around a glass tube is removable and ordinarily the shield support consists of some type of a flanged metal disc mounted on the chassis around the socket. Since the support is us- uall\ riveted to the chassis, the shield can get its ground con- nection through this flanged support. The connection to ground, of course, is due to frictional contact only. Due to the frictional contact, poor contact is often experienced. Also, this frictional 
contact arrangement is undesirable because of the possibility of 
corrosion. If the shield makes no contact whatsoever with its 
flanged support, the amplifying stage in which the supposedly 
shielded tube is contained will immediately become unstable and, no doubt, excessive oscillations will be produced. Also, if a high 
resistance contact (poor contact) occurs, practically the same type of operation will result. Due to these difficulties possible with 
the usual tube -shield can, design engineers have been limited in the past insofar as the amplification or gain in the receiver ís 
concerned. The fact that there is always a possibility for the us- ual tube shield to gradually develop a high resistance ground con- 
nection renuires that the gain per stage be held down initially so 
that instability can never occur during the normal life of the re- 
ceiver. In a metal type tube, the possibilities of trouble arising 
from the use of shield cans is entirely eliminated. This is because 
the tube shell hIspositive and permanent contact with ground at all 
times. The shell is permanently welded to the header in a weld. 
Since in a weld the metals flow together, a perfect electrical con- 
nection is obtained. Further, the connection between the header 
and the base grounding pin is also welded. Also, the socket contact 
pressure, when the metal tube is inserted in the socket, provides 
perfect electrical ground connection to the plated pin, thus insur- 
ing positive contact over a long period of time. Radio engineers 
can then design their amplifying circuits with more gain, since they 
know that after a long period of use, there can be no change in the 
contact resistance between the metal -shell shield of the metal tube 
and ground. Insofar as service -engineers are concerned, it means 
less noise and oscillation troubles, due to imperfect shielding. 

The smaller size of the metal tube and the elimination of the 
auxiliary shield can are desirable from the design engineer's stand- 
point. The elimination of the auxiliary shield saves chassis space. 
Then, since the all -metal tubes require less than half the space of 
the average glass tube, it is much easierto place them in the most 
advantageous position on the receiver chassis. 

That the all -metal type of tube has several acvantages is posi- 
tively without a doubt. The only outstanding disadvantage that has 
been experienced with all -metal tubes up to this time is the incon- 
sistency of the electrical characteristics in manufacturing. Im- 
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provement in constructional methods is rapidly eliminating this dif- 
ficulty. The fernico eyelets used to insulate and permit the pas- 
sage of the electrode leads through the header have also given some 
trouble. Theoretically, the coefficient of expansion of this alloy 
is the same ).,s the metal used for the header: however, some trouble 
has been experienced wherein the actual expansion did not coincide 
exactly with the metal and, as a result, air was permitted to enter 
which destroyed the vacuum. Rapid improvements are being made in 
the metal tubes and some day they may entirely supplant glass tubes 
for receiving sets. 

2. METAL -GLASS TUBES. In addition to the all -metal radio tube, 
most manufacturers also make glass tubes which closely correspond to 
the metal tubes in electrical characteristics. These are called "G" 

or "MG" type tubes. In most cases, these tubes are identical or at 
least very similar to some of the most popular glass tubes. The ap- 
pearance of these G or MG tubes is also similar to certain original 
glass tubes, with the exception of the bases and grid caps. The 
bases are of the octal type with acentering or locating lug and the 
grid caps are of miniature size, with the same diameter as the grid 
caps on all -metal tubes. 

The operating characteristics of most G tubes are identical to 
certain all -metal or conventional glass tubes. Reference, therefore, 
may be made to the published data on the equivalent type tubes for 
preliminary 
in the 

"0" 

technical information. 
accompanying chart. 

Owrlptew 
Cheres.e._ 

Mee 

A group of equivalents are 

"0" 

listed 

Mee 
Srs.. lee: Type /arse es: Type Dwrlewew 

Pentagrd Converter Bee Below C713 106 6/400 Double Diode 
D60 Super Control Telrode Amplifier 140 6360 Triode Amplifier 
1360T Super Control Tetrode Amplifier .. 140 6370 Tripe Ond Amplifier and Der6tw 77 
D70 Psntegrd Converter 1A8 61(60 High Mu Triode A.pl:Mr.. .... 
E60 Screen Ord R -F Amplifier 1134 6460 Cathode Type Power Pentode.... 41 
E6OT Screen Ond R -F Amplifier 184 61(70 Tripe Grid Super Conlml Pentode 76 
E70 Double Pentode Output Tube 6120 Trade Amplifier 

Power Amplifier 
6060 

F60 Parr Output Pentode IF4 6160 
H.ptode Mixer F70 Double Dade Pentode IFS 61-70 See Below 

060 Power Output Pentode 64460 Power Output Amp.Mer.... .... 686 
1440 Amplifie, and Detector 30 64470 Clean B Power Amplifier ... .. , . 6A6 
H80 
36 0 
RIO 

Double Diode Trod. 
Claw 8 Twin Amyl fer 
Battery Red.ver Ballot. ... .,, 

lBSl6S 
19 
ITI 

6P70 
WO 

0 

Pentode Triode... ... 6F7 
Sec Double Diode Higf Mu Triode... S Below 

Double Diode Med urn Mu Tiode See Below 
TIG Battery Receiver Ballast. 6570 Sups Control Pentode..... .... 6060 

61140 Full Wave High Vacuum Rectifier SZ3 615 Trod* Amplifier.. .,. .... 
5V40 Full Wave High Vacuum Rectifier 63V 6T70 Double Dade Hie!. Mu Trade... 6070 0 
5040 Full Wave High Vacuum Rectifier 523 6070 Super Control Pentode..... ... 606 
5Y30 Full Wave High Vacuum Rectifier B0 6V60 Paver Amplifer.. . 

5140 Full Wave High Vacuum Rectifier BO 6V70 Double Dade Hqf Mu Triode... 66 
6A50 Power Output Triode. 6A 3 0 6050 Full Wave High Veouum Resifer 64 
6A60 Pentagrd Converter... .. 6A7 6870 Double Trade Power Arrlpbf et 79 
6840 Triode Power Amplifier 6A3 62150 Full Wove High Vacuum Rectifier 
6880 Double Diode Pentode 687 6Z70 Double Trade Power Amplifier .. 
6050 Triode Amplifier See Below 25A60 Power Amplifier Pentode... .... 43 
6080 Double Triode Amplifier 25860 Power Amplifier .. ... ......... 43 0 
6DSO Pent* p id Converter 6A7. 25160 Power Amplifier 
6F50 High Mu Triode Amplifier See Below 26260 High Vacuum Rectifier and Volt- 
6F60 Power Output Pentode...... 42 age Doubler 26Z5 

New Characteristics-Rehr to Charecteriat,u data. 
"Except filament current (240 Ma.) 
O Similar but not identical in charac srietiw 

6(550 charcterialce same as 605 eaupt la c.p.citaro.e 
6F50 characteristics same as 6F5 except for cepecitancee 
6H60 characteristic* same a. 6H6 except lot capacitances 
6L70 characteristic* lame as 617 except for capacitance. 
6Q70 charicter,stio sam. o. 607 except for cepadtenceo 
65370 characteristic* urn. a. 6537 except for c*paciteno. 
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All -metal and G type tubes are supplied with an octal base. 
An octal base has 8 pins uniformly spaced 45 degrees apart. When 
fewer than 8 pins are required for the tube's elements, the unnec- 
essary ones are omitted, but the spacing of the remaining pins is 
unchanged. All tubes having an octal base will fitinto a univer- 
sal 8 -hole, octal socket. A socket of this kind is shown in Fig. 
8. A guiding lug protrudes from the center of all tubes having an 
octal base. This guiding lug, or locating-Dtf` then fits into the 
bole of corresponding shape in the octal socket. The tube can only 
be inserted in the socket in one position; therefore, it is impos- 
sible to insert the tube improperly. As shown in Fig. 8, the pin 
numbering is from 1 to 8, clockwise from the locating lug, whenthe 
base is viewed from the bottom. Where pins are omitted, the number 
for that pin position is also omitted. To become familiar with the 
pin connections generally used refer to the chart in Fig. 8. For 

PIN 01 is ALWAYS the SHELL connection. 
PIN 02 is ALWAYS one HEATER connection. 
PIN 03 is ALWAYS'a PLATE connection. 

PIN p is NORMALLY the SCREEN connection except on the 
6H6 it is the second CATHODE, on the 
524 it is the second PLATE and on the 
6F5 it Is the PLATE. 

PIN 05 is NORMALLY a GRID connection except on the 
6146 it is the first PLATt. 

PIN 06 Is the first PLATE connection on the 5Z4 and 
the second GRID connection on the 6A8. 

PIN 07 ie ALWAYS the second HEATER connection. 
PIN 08 is ALWAYS CATHODE connection and in addition on the 

524 it is the second HEATER connection and on the 
6F6 and 6L7 the SUPPRESSOR GRID connection. 

Fig.8 Metal tube 
pie connections. 

exact pin connections however, on all the present types of tubes, 
refer to the tube chart in Lesson 25. 

The self -aligning plug on the base of metal, G, and MG tubes, 
makes it possible to easily and quickly insert a new tube in the 
universal type socket. This design eliminates hunting for heater 
prongs and moving the tube around to find the pin holes. 

1. NUMBERING SYSTEMS. A numbering system, which ordinarily 
requires three symbols to identify a tube, has been standardized by 
the Radio Manufacturers Association. These symbols are arranged with a numeral first, then a letter and finally a second numeral. 
As an example of this type designation, in the 6L', the "6" desig- 
nates that the beater voltage of the tube is between 6 and 6.9 volts, 
standardized at 6.1. Likewise, "5" would designate a heater voltage 
between 5 and 5.9 volts, standardized at 5, 

The middle letter is used to designate the tube's purpose or 
function and is assigned arbitrarily. .In rectifier tubes, the as- 
signment is made arbitrarily with "Z". 

The final numeral indicates the number of useful elements brought out to the terminals; thus the 6L6 has 6 such elements, a 
heater, a cathode, a control grid, a screen grid, a plate and a 
shield (shell) . 
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This numbering system, as used at the present time has the ser- 
ious defect that too many exceptions are involved. The first num- 
eral, which stands for the heater voltage, is well standardized, 
but the letter inserted between the numerals is not always self- 
explanatory or enlightening as to the function of the tube. It is 
generally necessary to refer to the tube manual in order to determine 
exactly the purpose for which the tube is intended. The addition of 
the suffix G or MG to the tube number always indicates that it is 
a glass tube, having an octal base. If the tube is all -metal, or 
is a glass tube that does not employ an ontal base, they the G or 
MG will be omitted. 

About all that can be expected from the tube number designa- 
tion is an approximate idea of its application or purpose. For 
exact details on its operating voltages, circuit applications, etc.; 
an authoritative tube chart or tube manual must be consulted. 

4. CLASSES OF TUBES. In this discussion, we shall divide 
those tubes available for receiver circuit operation into 15 classes. 
Division in this manner will enable. a 'more comprehensive study of 
their construction and applications to radio receiver circuits. It 
is virtually impossible to submit a detailed description of each 
type of tube available; your tube manual is supplied for that pur- 
pose. The characteristics and applications of only one or two types 
typical of each class will be discussed. They are divided as follows: 

(1) Monocles. This is a general classification including all 
ballast tubes. Typical tubes are the 1A1, 1B1, 1C1, etc. Ballast 
tubes will be studied in the next section of this lesson. 

(2) Diodes. All half -wave rectifier tubes fall under the di- 
ode classification. A typical tube is the type 81. It was discussed 
in Lesson 16. 

(3) Triodes. All three -element amplifying tubes are included 
in this classification. The operating characteristics for several 
of these tubes have been discussed in previous lessons. Typical 
tubes are the 56, 45, 2A3, etc. 

(4) Tetrodes. This includes all of the four - element or 
screen -grid amplifier tubes. Lesson 25 described the construction 
and operation of these tubes in detail. Typical types are the 24, 
35, etc. 

(5) Pentodes. Tubes of this type were also discussed in Les- 
sons 25 and 28. R.F. pentodes are commonly used for I.F. amplifies - 
tion and A.F. pentodes are used for the production of audio power to 
drive a loudspeaker. 

(6) teptodes. All of the converter and mixer -amplifier tubes 
are included in this general classification. Typical tubes' are the 
106, 6A7, 6L7, etc. A subsequent discussion in this lesson deals 
specifically' with the operation of converter and mixer tubes. 

(7) Pentode -Triodes. These tubes contain two separate sec - 
tions, one pentode section and one triode section. A common heater - 
cathode assembly is used, but the electrodes in the two sections of 
the single tube are entirely separate. Pentode -triodes are often 
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used as a combined second detector and I.F. amplifier. A typical 
tube is the 6F7. 

(8) Duo -Diodes. All of the full -wave rectifier tubes are 

included in this class. Typical full -wave rectifiers are the type 

80, 84, 5Z4, etc. The all -metal voltage rectifier (the 6116)is also 
included in this classification. 

(91 Duo -Triodes. These tubes have two separate triode sec- 

tions contained within the single envelope. Some of them are used 

as power amplifiers, such as the 59 and 6A6, whereas others (such 

as the 6N7) are used for phase inversion or in automatic frequency 

control circuits. Lesson 28 discussed the phase inverter circuit. 

(101 Duo -Pentodes. These tubes have two separate pentode 
sections within a single envelope. They are ordinarily used as 

push-pull power amplifiers. A typical tube is the type 1E7G. 

(111 Diode -Pentodes. The diode section in tubes of this 

classification is generally used as a rectifier and the pentode 
section as an amplifier. Two separate cathodes and a common heater 

are used. A typical tube is the type 12A7. 

(121 Duo -Diode -Triodes. Tubes of this type have several ap - 

plications; the most important being that of a diode second detec- 
tor in a superheterodyne, with the triode section serving as the 

first A.F. amplifier. We shall show applications of this tube in 

later portions of this lesson. Typical types of duo -diode -triodes 

are: 607, 6R7, 2A6, 55 and 85. 

(13) Duo -Diode -Pentodes. These tubes are similar in applica- 
tion to the duo -diode -triodes, their construction differing only in 

that the amplifying section is a pentode rather than atriode. The 

pentode is sometimes used as the last I.F. amplifier in a superhet- 
erodyne, with the duo -diode section serving as the second detector. 
Typical tubes are the type 6B7, 2B7, 1F6 and 6B8. 

5. BALLAST TUBES. There has been a steady increase in the 

use of ballast tubes in battery and AC -DC sets. Ballast tubes may 
be grouped into two major divisions based upon differences in con- 
struction and regulating characteristics. 3ne type is employed 
mainly in battery -operated receivers to maintain substantially con- 
stant filament current over a considerable range of battery voltage 
variation. The second type is used in AC -DC receivers and 32 volt 

sets, where the voltage drop required may cover awide range. Such 

a ballast tube affords some amount of regulation, but the character- 
istic is not as flat as for regulators intended for use in battery 

receivers. 
The Sylvania ballast tubes for use in battery sets includes 

the types 1A1, 1B1, 1C1, ID1, 1E1, 1G1, 1JI and 6. These tubes are 
designed to permit the operation of 2 -volt receiving tubes from a 

9 volt battery source which may consist of two banks of dry cells 
in parallel, the two banks then being connected in series. The 

supply voltage varies from about 3.4 to 2.2 volts during the use 

of the battery. For this range of supply voltage, the types of 
ballast tubes listed above will maintain the socket terminal volt - 
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age between 1.8 and 2.2 volts. During the major part of battery 
life, the socket voltage will remain very close to the rated value 

of 2 volts. 
To determine the correct filament current load in series with 

the ballast tube, it is necessary to include the total filament cur- 
rent drain of the receiver tubes plus the current drain of the dial 
lamp, if the latter is employed. 
type 19, a type 10 and three 

type 14 tubes has a normal 

filament current drain of 500 
ma. (no dial lamp). The cor- 
rect ballast tube to use would 

be a type 1A1. The accompany- 
ing summary table furnishes data 
on bulbs, bases, load currents 
and service for Sylvania ballast 
tubes. The characteristic curve 
for a 1A1 ballast tube is shown 
in Fig,9. Curves on the other 
ballast tubes mentioned may be secured from the Sylvania Tube Manual. 

The second group of ballast tubes, those for AC -DC receivers 

and 92 volt sets, are used where the voltage drop required may cover 

Fiq.9 Characteristic curve 
for the type 1A1 Sylvania Bal- 
last Tube. 

For example, a receiver using a 
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IA1 Sm. 4 pin ST -12 500 Battery 
lilt Sm. 4 pin ST -I2 ago Battery 
ICI Sm. 4 pin ST -12 745 Battery 
IDI Sm. 4 pin ST -12 240 Battery 
1E1 Sm. 4 pin ST -12 480 Battery 
IGI Sm. 4 pin ST -12 420 Battery 
iji Sm. 4 pin ST -12 6'20 Battery 
6 Sm. 4 pin ST -12 695 Battery 
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a wide range. Such ballast tubes afford some amount of regulation, 

but the characteristics are not as flat as for the ballast tubes 
used in battery receivers. The following summary table furnishes 

data on this group. 

Ma. 
Load 

Type Base Bulb Current Service 

2 Medium 4 pin ST -16 300 32 Volt 
3 Medium 4 pin ST -16 300 220 Volt AC -DC 
4 Medium 4 pin ST -16 400 220 Volt AC -DC 
5 Medium 4 pin ST -16 400 220 Volt AC -DC 
7 Medium 4 pin ST -16 300 220 Volt AC -DC 
8 Medium 4 pin ST -16 300 220 Volt AC -DC 
9 Medium 4 pin ST -16 300 110 Volt AC -DC 

46A1 Small 5 pin ST -12 400 110 Volt AC -DC 
46131 Small 5 pin ST -12 300 110 Volt AC -DC 

The graph at A in Fig. 10 shows the characteristics for the type 2, 

12 volt ballast tube. The curves for the 110 volt AC -DC ballast 

tubes; namely the 9, 46A1, and 46B1, are shown at E in Fig. 10. 
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TRIAD BALLAST RESISTOR UNITS 
SPECIFICATIONS 

Typo for Lisa with Overall 
VoIti. Drop 

Dtlol tlguts Bas. W ring 
No. Carrºat Typo No. N folios Glass 

55A 2.6.3 & 2.25V Tubes 55 None A If 

K55B 2.6.3 & 2.25V Tubes 55 1 .150 40 B I 
K55C 2-6.3& 2.25V Tubes 55 2 .150 40 C Y 

K55D 2.6.3& 2.25V Tubes 55 2 .150 40 D 

K55E 2.6.3 & 2.25V Tubes 55 3 .150 40 E 

K55F 2.6.3 & 2.25V Tubes 55 1 .150 40 F 
K55G 2-6.3 & 2.25V Tubes 55 2 .150 40 G 

K55H 2.6.3 & 2.25V Tubes 55 2 .150 40 11 

K55J 2-6.3 & 2-25V Tubes 55 3 .150 40 J 

GLASS SERIES 
PIN NUMBERS 

® 

O O 

Bono*. VNr .l Bas. IAST 

rIQST LITTER Or MERIES INDICATES TVDE or MOT 
K for 6.3V 150 MA Lamp #40 
L for 6.3V 250 MA Lamp #46 
BK for 6.3V 150MA Lamp #40 Ballast action on pilot 
BL for 6.3V 253 MA Lamp #46 Ballast action on pilot 

NUMBED INDICATIS OV(RALI VOLTAGE DROP INCLUDING PACTS 

Recommended Yaluº Based on 117 Volt lino 
55 - For 2- 6.3V and 2.25V Tubes 
49 - For 3.6.3V and 2.25V Tubes 
42 - For 4 - 6.3V and 2.25V Tubes 

Irmo INDICATES MIRING SYSTEM 

NUMBERS Indknt. pin Conn.ctions 

Sones A 

L. . S 

í ̂ ^ 

TRIAD 

Y 

wa 
Sorbas B 

vMa 

15 

N SIR IS 
PIN NUMBERS 

Br.oiw VIw..I B... 

Q AAAA",a 7 ai i,v\AAi7 

tortes C Sºrlos D ra 
Scales G 
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All ballast tubes belonging to this second general division 
should be operated as closely as possible to the standard rating 
in order to realize the most efficient performance. All Sylvania 
ballast tubes are inside frosted. 

Complete information on Triad ballast resistor units is given 
on Page 15. In addition to the regular series of ballast units, 
there is another type available from the Triad Manufacturing Company 
which permits a ballast action on the pilot light. This method pro- 
tects the pilot light from the high current surge which results when 
the voltage is first applied. During the heating up period of any 
AC -DC set, there is a current 
surge until the heaters are up 
to proper temperature. This 
high current flowing through 
the pilot light far exceeds its 
rated value. Thus, it is neces- 
sary to exclude the pilot light 
or to reduce the voltage until 
correct temperature is reached 
to prevent burn out. On those 
Triad ballast resistor units 
wherein the first letter of the 
series is preceded by a B (re- 
fer to Page 15), ballast action 
is provided for the pilot light. 
A number of possible connections 
are shown on Page 15. When the 
set is first turned on and the 
current is high, this new bal- 
last action provides a low re- 
sistance shunt across the pilot 
light. This resistance increas- 
es as the tubes warm up, reach- 
ing its normal resistance .lust 
as the tubes obtain operating 
temperature and the heater cur- 
rent comes down to its normal 
value. In this way, the voltage across the 
constant during the heating period. 

Recently, the Sylvania Tube Co. has added five new ballast 
tubes, the type numbers and characteristics of which are given above 

BALLAST TUBES 

4A 

Five new ballast tubes have been added to 
the Sylvania line of tubes. The five new tubes 
art: all intended for use in 2 volt battery receivers. 
Like other Sylvania battery ballast tubes, these 
new types are designed to hold the variation in 
terminal voltage within the correct filament. 
operating rang-. 

These new types will replace any ballast tutees 
having like type numbers or any ballast tubes 
having identical filament current load and like 
base pin connections. To determine the filament 
current load across a ballast hill!' it is necessary 
to include the total filament current requirements 
of all the tubes plus the current drain of the dial 
light. 

The five new Sylvania ItallsstTubes are: 

'1'ypv 

111 

ITUG 
tvt .. .... . 

1ZL. 4-A 500 1.0 
'The voltage drop shown is fur average operation and 
may vary according In supply voltage. 

Average 
Ma, Load Voltage 

Kaye Current Drop. 
4-A ik0 1.0 
4-T wn Ian 
4-T 560 1.0 
4-A 540 1.0 

pilot lamp is essentially 

6. PENTAGRID CONVERTERS. During the study of superheterodyne 
receivers in Lesson 27, it was learned that a local oscillator must 
be employed to generate an unmodulated R.F. voltage which, in turn, 
is mixed with the incoming signal to produce the intermediate fre- 
quency in the plate circuit of the first detector. Because of the 
function it performs, the first detector is often called a "frequen- 
cy converter.tl 

A separate oscillator tube may be employed to generate the un - 
modulated R.F. voltage, then mixed with the incoming signal in the 
cathode circuit or applied directly to the grid of the first detec- 
tor. Also, it was found that a tetrode or pentode tube could be 
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made to perform as an "autodyne" first detector -oscillator combina- 
tion. In these'types of circuits, coupling of the oscillator to 
the first detector is secured by either inductive or capacitive means. 

A pentagrid converter is for the purpose of combining the fnno- 

tions of the local oscillator and first detector into a single tube 

and, at the. same time, eliminating the capacitive or inductive coup- 
ling. Coupling in a pentagrid converter is secured directly in the 

electron stream. This arrangement eliminates the undesired inter - 

coupling effects between signal, oscillator and mixer circuits, and 

also reduces local frequency radiation. 
A pentagrid converter is a vacuum tube device depending on the 

electron stream as a coupling agent and may be visualized as one in 

which the plate current is modulated by variations in cathode emis- 

sion. Conceivably, the total cathode current might be modulated by 

variations in cathode temperature produced by filament current changes 
Practically, however, this same effect can be accomplished by placing 
a grid and a supplementary anode grid between the cathode and the 

main control grid, then by using these electrodes in conjunction 

with the cathode to accomplish a modulation of the cathode current. 

_With this latter arrangement, the cathode and the first two grids 

may be regarded theoretically as a composite cathode, which supplies 

a modulated electron stream. This modulated electron stream may be 
further controlled and utilized with voltages on the other grids 

and the plate. 
Typical pentagrid converter tubes are the types 2A7, 6A7, 6A8, 

etc. A type 2A7, used in a frequency converter circuit, is shown 

in Fig. 11. Grid #1 is the control grid for the oscillator portion 

of the tube. Grid #2 is the anode for the oscillator. Grid #3 and 

#5 are connected together within the tube and are used to acceler- 

ate the electron stream from the cathode. In addition, grid #s and 

5 electrostatically shield the control grid #4 from the other elec- 
trodes. This shielding increases the output impedance of the tube; 

a desirable characteristic from the standpoint of voltage amplifica- 
tion. 

The word "pentagrid" is a compound word made up of the Greek 

prefix, "pente" (or penta in the English translation) meaning five, 

and grid. These five grids are all indicated on the type 2A7 tube 

in Fig. 11. Grid #2, the oscillator anode, is made up in current 

practice with horizontal wires that consist only of two side rods. 

These .two side rods are called the "oscillator anode" (meaning 

plate), but in circuit diagrams they are shown as a arid for sim- 

plicity. 
In Fig. 11 the incoming R.F. signal is fed from Li into the 

tuned grid circuit LsC,; then, applied to the control arid of the 

tetrode section: that is, grid #4. In the oscillator section of the 

tube, the R.F. energy is returned through the plate circuit induo- 

tance L into the tuned grid circuit, consisting of Ls, Cs, and C.. 

Cs is the main tuning condenser and C. is the series padding con- 

denser. Grid bias for the tetrode section of the tube is secur e d 

by the flow of.plate current through the cathode resistor he The 

incoming signal and oscillator voltages are heterodyned (mixed) in 

the electron stream flowing from cathode to plate, so- the output 
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voltage will be a beat frequency equal to the difference between ' 

the incoming signal and oscillator voltages. The plate circuit of 
the pentagrid converter is tuned to the beat (intermediate) fre- 
quency. In Fig. 11, Cs and Ls fortithe I.F. parallel tuned circuit. 

A pentagrid converter is sometimes considered to operate very 
much like a conventional variable -mu tetrode first detector with an 
associated triode oscillator. The only exception is that the oscil- 
lator triode grid is located next to the cathode and is common to 
both the first detector and variable -mu tetrode and the oscillator 
triode. The control grid voltage on the oscillator' triode modulates 
the tetrode section of the tube in such a manner that there is no 
danger of driving the control grid of the tetrode positive. The 
electrons that are emitted from the cathode surface are influenced 
by all the various grid and plate voltages. It has been determined 
that the electrons actually divide in such a manner that grid #1 
receives 7%, the oscillator' anode receives 17%, grids #3 and #5 
(screen grid) received 28%, and the plate of the tube receives the 
remaining 281x.' 

Due to the commanding position next to the cathode occupied by 
the oscillator control grid, any voltages developed on the grid will 
affect or modulate the entire electron stream, regardless of the 
ultimate destination of the electrons. Let us refer to Fig. 11 to 
observe the action that takes place within the tube when it and the 
associated circuit components are operating normally. 

When the heater and plate voltages are first applied to the 
circuit, grid #1 is at zero potential because it is tied to the 
cathode through the 50,000 ohm grid leak. As soon as the cathode 
becomes heated, it starts to emit electrons and the feedback be- 
tween the oscillator plate and grid causes regeneration which im- 
mediately starts the triode circuit to oscillating. When oscillat- 

t top ca 

Li LP 
r 

7".~1.4 
a - 

R.F. 
Cl Input 

Fig.i1 Typical pentagrid 
converter circuit using a 
type 2A7 tube. 

ing, grid #1 is alternately driven positive and negative. Upon 
being driven positive, grid current flows through the grid leakin 
such a direction as to make grid #1 negative with respect to the 
cathode. The actual voltage variations of grid #1 are generally 
sufficient to produce enough grid current through Ri that a 50 to 

These percentages are based on normal operation. 
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40 volt negative bias is developed. This high negative grid bias 
point becomes the 'value about which the grid varies in amplitude 
alternately in a positive and then in a negative direction under 
the influence of the plate circuit feedback. During normal opera- 
tion the maximum instantaneous negative voltage on grid #1 may be 
as much as from 60 to 80 volts. 

The high negative excursions of the oscillator control grid 
would ordinarily be more than sufficient to cut off the plate cur- 
rent through the tetrode section entirely if it were not for a "sec- 
ondary source" of electrons available to grid #4. This "second"elee- 
tron source" is referred to as a "virtual cathode;" the term being 

. selected because it acts exactly as though it were a second electron 
emitting cathode within the same tube. The reason for the existence 
of the virtual cathode is that most of the electrons at the cathode 
pass through grid #1 while it has a positive or slightly negative 
value and then are accelerated out of grid #1's field by the rela- 
tively high positive potential that is placed on grid #3. Grid #4 
which is the next grid in the tetrode section has a negative bias 
on it at all times, so most of those electrons that have been ac- 
celerated by grid #3 are slowed down and actually form a cloud of 
electrons between grid #3 and grid #4. It is this cloud of elec- 
trons that constitute the virtual cathode for the tetrode section. 
Most of the plate current is secured from this virtual cathode dur- 
ing that portion of the cycle when grid #1 is at its aximuanega- 
tive potential. From this, it is evident that the tetrode section 
works independent of the triode section, except that the tetrode 
plate current is modulated by the triode grid voltage. Since grid 
#3 is at R.F. ground potential, it shields the triode section from 
the tetrode section and prevents interaction. Grids #3 and #5 are 
connected together inside the tube so that tetrode control grid #4 
is shielded from the plate by the other section of the screen grid; 
that is, grid #5. 

From this discussion, it is evident that the plate current flow- 
ing from cathode to plate in a pentagrid converter tube is influenced 
by both the oscillator voltage and the incoming signal voltage and 
that the mixing of these two signals occurs directly in the electron 
stream. The plate current variations produced will then have a com- 
ponent equal to the difference or beat frequency. This component 
being modulated in direct accordance with the A.F. voltages modulated 
on the incoming signal. The plate circuit is then tuned to this 
beat frequency and, thus, the modulated I.F. voltage is secure d 
through the process of frequency conversion. 

The performance of a pentagrid converter is such that only one 
tube is necessary for converting the frequency of the desired sig- 
nal from its original value into the I.F. frequency. To express 
the degree of merit with which a pentagrid converter performs this 
job, the "conversion transconductance" is used. The conversion 
transconductance (Sc) is a characteristic associated with the mixer - 
first detector function of a pentagrid convertér tube and may be de- 
fined as the ratio of the intermediate frequency current in the pri- 
mary of the I.F. transformer to the applied control grid radio fre- 
quency voltage producing it. 
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When the performance of a pentagrid converter is being deter- 
mined, conversion transconductance is used in the same way as trans - 
conductance is used with an ordinary amplifier tube. For example, 
when a 1A6 tube is operated under typical conditions with 180 volts 
on the plate, the conversion conductance is 100 ,dicromhos. A type 
106 pentagrid converter, when operated under the same conditions, 
is approximately 125 micromhos. Due to its higher conversion con- 
ductance, the 106 performs the process of frequency conversion to 
a higher degree of efficiency than the type 1A6. The applications 
are slightly different; however, because the filament current of 
the 106 is twice as great as that of the 1A6. 

In a complete table of tube characteristics (Lesson 25), sev- 
eral other pentagrid converter tubes will be found, each varying 
slightly from the other in filament voltage, filament current or 
circuit application. A pentagrid converter operates satisfadtorily 
as a frequency converting device at medium radio frequencies, but 
when it is operated at frequencies higher than 15 or 20 megacycles, 
the conversion conductance decreases rapidly. This effect increases 
with frequency because of (1) the increasing ratio of incoming sig- 
nal frequency to intermediate frequency, and (2) the increasing 
value of L to C as the receiver is tuned toward the high frequency 
end of the band. Even when a pentagrid converter tube is used in 
conjunction with a separate oscillator and the separate oscillator 
signal applied to grid #1, the undesirable effects at higher fre- 
quencies are still produced. 

A second disadvantage of operating pentagrid converter tubes 
at high radio frequencies is the shift in oscillator frequency 
which occurs when the signal grid bias (grid #4) is varied. This 
frequency shift is due to a slight transconductance existing be- 
tween the signal grid and the oscillator anode; that is, grids #4 
and #2. The use of a separate oscillator tube coupled to the nor- 
mal oscillator grid will eliminate this undesirable characteristic. 

Roth of these high frequency effects mentioned may be greatly 
minimized, with a consequent increase in gain, by replacing the 
pentagrid converter with an R.F. pentode amplifier whose suppressor 
is connected to an external oscillator. However, the plateimped- 
ance of the pentode is so low under these conditions and the oscil- 
lator voltage requirements are so high as to prohibit the use of 
this system in many receivers. These disadvantages may be overcome 
by increasing the amplifying action of the suppressor; a screen in- 
terposed between suppressor and plate will maintain the plate re- 
sistance at a satisfactory value. Another refinement may be made 
by inserting a grounded suppressor between the plate and the oscil- 
lator screen. A tube of this type designed especially to overcome 
the inherent disadvantages of the pentagrid converter is known as 
the type 6L7. 

7. THE 6L7 MIXER TUBE. Fig. 12 shows 
of the elements in the 6L7. As may be seen, 
a heater, a cathode, five concentric grids, 
which is nearest the cathode, is one of the 
is of the remote cutoff type and, because 
converted is applied between it and cathode 
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the relative positions 
the tube consists of 
and a plate. Grid #1, 
two control grids. It 
the R.F. signal to be 
(as shown in Fig. 11), 
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it, may .be referred to as the "signal arid.." ' The remote' cutoff 
characteristic of this grid minimizes R.F. distortion' sad cross - 
modulation effects.when its bias is under the control of the AOC1 
system. Grid,#2.in the type 6L7 has the sane purpose as the screen 
in a conventional tetrode; that': is, it accelerates the electrons 
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.12 Illustrating the -relativ p e Positions of the-:electrode,a 1.Cn the type 6L7 tube. . (Courtesy Radio Engineering)- 
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' toward the plate and reduces the capacitanoe between grids #1 and 
#3 to a small,value.` Grid #3, interposed between grid #1 and #4, 
is the second control grid of the tube and has a sharp 'cutoff char- 
acteristic., . This grid nay be referred to as the'"oscillator grid,". 
because the output voltage of an external oscillator is connected. 
to it.. Grid #4 .is another screen., It increases the plate resis- 
tance of the tube, reduces. the' capacity between grid #3 and plate 
and, in -general, functions similarlvto the :screen in a conventional 
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Fig. IV Connections to the 6L7 when. 'used as ra mixer: (Courtesy 
Radio Engineering) 

tetrode. Grids #2 and #4 are connected together 'internally; Grid 
#5 'is a suppressor. . It is, conneoted to the cathode internally and 
serves to limit the effects, of secondary emission frost the plate. 
Because of the suppressor it is possible' to operate the tube at a 
relatively high screen voltage. ? - 

As shown in Fig. 11, theincaming R.F'. signal voltage is an - 
plied to grid #1 and the voltage from an external oscillator cir- 
cuit is applied to grid #3. It should be understood that the 6L7 

1 
A discussion on automatic volume control (*VC) will be given later in this lesson. 
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is strictly a mixer tube, designed specifically to mix the incóm- 
in¢ and, oscillator signal voltages and not to actually generate 
the oscillator voltage, as was done with a peutagrid converter. 
When an R.F. voltage is applied to grid #1, the electron stream 
to the plate is modulated in accordance by virtue of the transcon- 
ductance existing between grid #1 and the plate. The oscillator 
voltage is applied to grid #:9. This grid has a sharp Ip cutoff; 
hence, a variation in its voltage has the effect of varying the 
transconductance between grid #1 and the plate from zero to a max- 
imum, being maximum at the peak positive potential of the oscil- 
lator voltage on GI and minimum at the peak negative potential. 
Thus, the oscillator voltage has the effect of varying the trans - 
conductance between the signal grid and the plate so the resultant 
plate current variations produced through the plate circuit have a 
component equal to the difference frequency between the oscillator 
and incoming signal voltages. This is the beat or intermediate 
frequency and a modulated I.F. oscillating curremt is set up in 
the tuned plate circuit. 

From a table of characteristics, it is seen that the manufac- 
turer provides for a plate voltages of 250 volts and two screen volt- 
ages, 100 and 150 volts. Although, the space charge (virtual cath- 
ode) phenomena discussed previously in conjunction with the penta- 
grid converter is very small in the 6L7 mixer tube, it has been 
found that electrons repelled by the oscillator grid during its 
negative voltage excursions enter the vicinity of the signal grid 
and cause a current to flow in that circuit. At high radio fre- 
quencies where the effect is appreciable, the signal grid bias 
(grid #1) must be increased to -6 volts to prevent the flow of this 
current. The screen voltage may be raised to 150 volts in order 
to compensate for the consequent decrease in the conversion con- 
ductance. 

For all -wave receivers, it is preferable to maintain the screen 
voltage at 150 volts and the minimum signal bias at -6 volts on all 
bands. Thus, the type 6L7 is well adapted for frequency conversion 
in all -wave receivers. It is used in this capacity to a great ex - 
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tent in modern sets. It should be understood that the conventional 
pentagrid converter works very satisfactorily at low and medium 
radio frequencies, but for the higher short-wave frequencies, a 
6L7 mixer circuit is preferable.' A typical 6L7 circuit is illus- 
trated in Fig. 14. 

' 8. AUTOMATIC VOLUME CONTROL. Automatic volume control is 
generally called AVC. At the.present time, AVC is included in the 
design of nearly all commercial radio receivers. Automatic volume 
control weans that the sensitivity (overall amplification) of the 
receiving set is 'automatically varied inversely with the strength 
of the incoming signal. This means that when a strong signal is 
tuned in, the sensitivity of the amplifying tubes in the receiver 
is reduced. And, vice versa, when a weak signal is tuned in, the 
sensitivity of the amplifying stages is increased. The merit of 
an AVC system lies in its ability to maintain a constant volume 
level from the loudspeaker, irrespective of the strength of the 
incoming signal. Of course, the manual volume control on the re- 
ceiver is set to a position corresponding to the desired volume 
level; then, with a perfect AVC system, all signals tuned in would 
be reproduced from the loudspeaker at exactly the same level. 

It is the intention of all AVC systems to satisfy the afore - 
stated requirements as closely as possible. There is no such thing 
as a perfect AVC system; that is, one wherein all incoming signals 
are reproduced from the speaker at exactly the same level; but, 
there are several which approach this ideal condition very closely. 
In our discussion of automatic volume control circuits, we shall 
first start with those of the simpler type; then, after pointing 
out their disadvantages, proceed to learn the construction and 
theoretical operation of the ensuing circuits designed primarily 
to overcome the inherent disadvantages of the fundamental circuits. 

Since an AVC system is a means of varying the sensitivity of 
the amplifying stages, it would be more correctly called an "auto- 
matic sensitivity control," rather than "automatic volume control," 
because its primary function lies in the variation of the receiver's 
sensitivity. In addition to automatically producing a fairly con- 
stant volume level from the loudspeaker when tuned from one station 
to another, three other distinct advantages are attained. One is 
the compensation for "fading" when receiving signals from distant 
stations. The second is that "blasting" from the loudspeaker, ex- 
perienced when tuning into a local station with the volume control 
advanced, is eliminated. The third advantage is that with a sat- 
isfactory AVC system, it is impossible to overload the detector 
stage in a receiver. Detector overload always results in consid- 
erable distortion of 'the A.F. signal output. 

Before proceeding, it must be understood that the automatic 
volume .control action takes place entirely in the R.F. or I.F. 

sections of the receiver; that is, before the incoming signal is 

demodulated. The automatic controlling action does not affect the 
audio frequency amplifiers in any way whatsoever. 

The action of any automatic volume control circuit depends 
primarily upon the variable -mu feature possessed by tubes having 
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the super -control grid construction. Super -control tubes and their 
operation were discussed in Lesson 25, so it is not necessary to 
repeat that information. As a brief review, however, it is well 
to recall that in tubes of this kind, the amplification factor and 
transconductance are steadily decreased as the negative grid bias 
is increased. In most tubes, it requires a negative grid bias of 
approximately -40 volts to cutoff the plate current entirely; that 
is, to reduce the Mu and Sm to zero. Full amplification is realized 
from a super -control tube when the bias voltage is about 

In an AVC system, the circuits are so arranged that the neg- 
ative grid bias applied to the grids of the super -control ampli- 
fier tubes becomes a direct function of the strength of the incom- 
ing signal. This means that a strong incoming signal,produces a 
high negative grid bias on these tubes and, consequently, reduces 
their amplification. On the other hand, a weak incoming signal 
produces a low negative grid bias so the amplification factor and 
transconductance increase. In this manner, the volume level from 
the loudspeaker is kept fairly constant; even though the different 
input radio signals vary widely in strength. 

Obviously, in order to vary the sensitivity of the amplifying 
stages, it is first necessary to automatically develop a DC voltage 
that is directly proportional to the average strength of the incom- 
ing signal. This DC voltage will then be used to supply the sup- 
plementary grid bias on the AVC controlled tubes. In nearly all 
modern superheterodvnes, this AVC control voltage is developed di- 
rectly in the second detector circuit. The diode detector lends 
itself to this application in a verb convenient and efficient manner. 

Fig. 15 shows a simple diode detector circuit wherein it is 
possible to secure an AVC controlling voltage ac-oss the resistance 
R that varies in direct accordance with the average strength of 

Last I.F. 
Amplifier 

o 
Control 
voltage 

Diode 
Detector 

Fiq.15 Simple diode 
detector circuit. 

the incoming signal. A strong I.F. signal delivered from the last 
I.F. amplifier will develop a high DC voltage across R, and a weak 
signal from the last I.F. amplifier will produce a low DC voltage 
developed across R. Let us investigate the action of this circuit. 

A signal from the I.F. amplifier produces an oscillating cur- 
rent in the circuit L1Ci; alternately making the top and bottom of 
this tuned circuit positive and negative. When the direction of 
the voltage developed across LiCt is such as to make the plate of 
the tube positive, then current will flow from the cathode to the 
plate through L1 and through resistor R in the direction of the 
arrow. When a voltage is developed across L1C1 in the opposite 
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direction, the plate of the tube is made negative and no current 
"flows.. Thus, the diode detector circuit serves to rectify the al- 

" ternating voltages across .L1C1 into a pulsating direct current 
through the resistorR. 

First, assuring that the incoming signal is unmodulated, the 
oürrent established -in the diode circuit will consist of two com- 
ponents, s DC component and an I.F. component. The condenser C, 
has sufficient capacity to bypass the I.F. component, but since 
it will notpernit the DC component to pass,. the DC must take the 
path through resistance R. This resistor is. generally suite high 

' is value (several hundred thousand ohms), so even. -though the DC 
cómponent of the rectified diode current is low; an appreciable 
voltage will be developed across R; with the left side negative 
and the right side positive. 

A diode is practically a linear rectifier; that ia. the rec- 
tified current which flows through the diode circuit is at all 
times closely proportional to the strength of the R.F. voltage dev- 
eloped It the plate. The, graph shown in Fig. 16 illustrates how 
the DC voltage developed across R will vary with the strength of 
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Fig.16 Graph to illus- 
trate. how the DC component 
of the voltage developed 
across º varies in direct 
accordance with the strength 
of the incoming carrier vol- 
tage. 

5 10 

Carrier 'Volts 

the incoming signal. Notice that at every instant, -the DC voltage 
across R is. directlyproportional to the average strength of the 
carrier voltage. If the carrier voltage is doubled in value, the 
DC voltage across R also doubles and vice -versa. The DC voltage 
across R may be used to supply the negative grid bias on the super - 
control I.F. amplifier tubes. If,so, it follows that:a strong sig- 
nal through the I.F. amplifier results in a high carrier. voltage 
being aliplied to the diode detector circuit, which, in turn, devel- 
ops a high control voltage across the diode resistor R. This high 
control 'voltage increases the negative grid bias on the I.F. ampli- 
fier tubes, which reduces their amplification; thus automatically 
diminishing the volume óf the receiver. 

Then, in contrast with this amplification reduction, when the 
inooming'signal is weak, the I.F. voltages delivered to the diode 
detector circuit are low; resulting in a low rectified current 
through resistor R and the development of a low oontrol voltage. 
This lower control voltage is applied to the grids of the super - 
control I.F.. amplifier tubes and the -amplification of -each is in - 
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creased. Thus, additional amplification is afforded the weaker 
signals and a fairly constant I.F. signal voltage input to the 
diode detector circuit is maintained. The detector A.F. output 
and loudspeaker volume also remain practically the same. 

So far, we have considered the operation of the diode detec- 
tor circuit only when the carrier wave is unmodulated. Now let us 
see what happens when audio modulation is impressed on the I.F. 
signal. 

In Fig. 17, the difference between the average value of an 
unmodulated and modulated carrier is illustrated. At A, the un - 
modulated carrier is shown; then at B, the average value of A is 
illustrated. It is seen that the average of the unmodulated wave 
is a pure DC; so a pure DC control voltage will -be developed across 
the diode resistor R in Fig. 15. The value of this DC voltage is 
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Fig.17 .Illustrating the voltages produced across the diode load 
resistor with modulated and unmodulated carrier waves. 
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at all instants directly proportional to the strength of the car- 
rier voltage. At C in Fig. 17, a rectified modulated carrier is 
illustrated and the average value shown at D. Obviously, with the 
presence of modulation, the average value of the carrier is not a 
pure DC, but rather varies in amplitude in accordance with the mod- 
ulation. The amplitude changes represent the audio frequency or 
modulation component. This average of A.F. voltage is produced 
across the resistor R as the rectified diode current passes through 
it. The bypass condenser C, (Fig. 15) provides an easy path for 
the I.F. variations, thus preventing them from passing through the 
diode resistor. The pulsating DC (audio frequency) voltage devel- 
oped across R. rises and falls above and below the pure DC average 
value indicated by the dotted line at D in Fig. 17. Obviously, 
the pulsating DC voltage is not satisfactory for application to ;l 

the grids of the controlled tubes in the R.F. or I.F. amplifier, 
because the sensitivity of these tubes would then be varied in ac- 
cordance with the modulation and severe audio distortion would re- 
sult. With proper filtering, it is possible to resolve the pul-. 
sating DC shown at D in Fig. 17 into its AC and pure DC components. 
This is illustrated in Fig. 18. 

A pulsating DC voltage such as that likely to be developed 
across the resistor in the diode load circuit, is illustrated .et 
A in Fig. 18. At B in Fig. 18, the AC component is shown, which 26 
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represents the modulation originally impressed on the carrier and 
at C the pure DC component of the pulsating current is shown.' To 
effectively resolve'the pulsating' DC into its two components; a 

A, PulsatingDC to be 
analyzed 

Puro DC 

C Puro DC Component 

Fig.'ie ' Analysis of a puláat.ing_.DC into its AC and* pure DC cdm 
oonents. 

filter circuit must be used. Suc1 practice is always customary in 
AFC circuits so as to obtain a pure DC voltage for controlling the 
sensitivity of the amplifying stages. The AC'coapondnt is the audio 
modulation, so it is fed into the audio frequency amplifier. 

A typical filter circuit, capable of separating the AC and DC 
components of the voltage produced across the diode load resistor, 
is shown in Fig. 19. The-I.F. component of the rectified modulated 
current passes through Cs and'theaverage component passes.through. 
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Fig.19 Illustrating a 
typical filter circuit 
capable of separating the 
voltage produced across 
the diode load resistor 
into Its. AC and DC cos- póaents. - 

Rs to develop a'pulsating DC_voltage similar to that shown aL A in 
Fig. 18. Since the AC component represents the audio frequency, 
it must pass through the condenser Cr to the ºrid of the first A.F. 
amplifier. The condenser Cr. at the same time, blocks the. DC com- 
ponent from entering the A.F. amplifier circuit. The hiºh'resis- 
tance Rs is called the "first filter resistance"and serves to pre- 
vent the' passage of the AC component into the AVC circuit. The 
reactance of Cr is made much less than the resistance of Rs, thus 
assisting to compel the A.F. component to take the path through 
Cs to the grid of the A.F. amplifier. The actual division of the 
A.F. component depends.on the impedance ofthe two respective paths, 
one through Rs and Ca and the other through Cr and R4. If Rs is 
made sufficiently high in valuer nearly all of the A.F. siºnal.will 
pess'through Cs to the grid; if not, a considerable portion of the 
A.F. may pass into the AFC circuit. To preclude the possibility of 
A.F. in the AFC circuit, an additional filter -section, RaC4 is some- 
times provided. It is then. definitely certain that a pure.DC volt- 
age will be secured froa'the-output of the dual -section -filter for 
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varying the sensitivity of the R.F. and I.F. amplifying stages 
The average value (pure DC) of the pulsating voltages developed 

across Rs will always be in direct accordance with the strength of 
-- the I.F. signal delivered to the diode detector circuit; hence, the 

WIC control voltage obtained froi the output of the resistance - 
capacity filter will likewise be a direct function of the strength 
of the T.F. signal. With'no,signal through the I;F. amplifier; the 
DC control voltage developed across C.'will be zero, but when a 
strong I.P. signal is applied to the diode detector circuit, an -ap- 
preciable voltage, somewhere, in the neighborhood of 40 or 50 volts, 
will be developed across C.. This is the. control voltage available 
for varying the sensitivity of the aiplifying stages. - 

It should he observed"that the polarity of the voltage developed 
across C. is such that the point I is negative witkrespect to ground. 
This, of Course, is due to the direction of the,current flow through 
Rs, wherein it develops a voltage With the left side negative and 
the right side positive. Merely because the right side is connected 
to the cathode and grounded, do not conclude that thiá side of the 
resistance must be at a negative potential. True, chassis ground 
is negative with respect to the positive side'of the plate power 
supply voltage in the receiver, but the. fact still'remains that it 
is positive with respect to the.left side of Ri, due to the direc- 
tion of current flow through R1. The negative voltage (with respell 
to ground) developed on the left side of Ri.is filtered through Rs, 
Cs, Ca and Rs, thus producing a- pure DC -voltage across the output 
filter condenser C. with the'top negative and the bottom positive. 
.The polarity of'this voltage 'is very important insofar as the sen- 
sitivity change on the controlled.tubes is concerned. 

. I.F. Tirensfon.sr . 1-f. A. Diode Det ctor 
AYC 

To Other 
Tubes 
AVC Vol Os 

Cs To A.F. Aep. 

R1 2 .0 .25 add. 

F10:20 Basic AVC:cir- cult. 

Now to, understand how a - complete WIC system. operates, let us 
refer.to Fig; 20. In this circuit, several of the miscellaneous 
items generally included in caercial receivers have been excluded 
for simplicity of explanation. In_later circuits, we shall add these 
additional parts. 

The last I.F. amplifier delivers the modulated I.F. signal in- 
to_the diode detector circuit through transformer Ts. Rectification 
occurs. in the ,diode; so a rectified modulated I.F.. current' passes 
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through the diode circuit. The condenser Cs is rather small in ca- 
pacity, having a sufficiently low reactance to bypass the I.F. com- 
ponent, but, at the same time, its reactance to the A.F. component 
of the signal is unite high. Pulsating DC voltages are then devel- 
oped across the 250,000 diode load resistance Rs. The AC and DC 
components of the pulsating voltage across Rs are then separated by 
the respective impedances offered to each; the AC component finding 
the least opposition through the .25 mfd. condenser es into the audio 
amplifier and the DC component taking the path through the resistance - 
capacity filter circuit. This division of components occurs because 
the DC is blocked from the A.F. amplifier by the infinite reactance 
of Cs and the AC component is prevented from passing through the 
filter by the high opposition offered by Rs. 

The DC voltage secured across point I and ground is called the 
AVC voltage and maybe applied to one or several amplifier grid cir- 
cuits. The AVC voltage is negative with respect to ground and is 
directly. in series with the normal grid bias developed across the 
cathode resistor in the amplifier circuit. Referring to Fig. 20, 
the plate current through Rs develops the normal negative bias volt- 
age for the I.F. amplifying stage. Tracing from the control grid 
of the tube to ground, it is seen that resistors Ra, Rs and R1 are 
all in series. Regardless of how many ohms these resistors may have, 
they will not affect the normal grid bias voltage developed across 
Rs unless current is passing through one or all of them. (With no 
current through a resistor of any size, the voltage drop is zero.)' 
The only one of these three resistors through which a current will 
flow is Rs; this occurring only when an I.F. signal voltage is ap- 
plied to the diode detector circuit. 

Without an incoming signal, the bias voltage developed across 
Rs is applied d}rectly through R1, Rs, and Re to the grid of the 
I.F. amplifier. For example, if a normal negative bias of 3 volts 
is developed by the flow of plate current through the cathode re- 
sistor Re (with no incoming signal), this will be the negative volt- 
age on that grid. Assuming the tube to be a super -control amplifier, 
its sensitivity will be quite high because of the low grid bias. 
Upon reception of a radio signal, a modulated I.F. voltage is de- 
livered into the detector circuit and a rectified diode current 
flows through Rs. This current flow develops a voltage across Rs 
with the grounded end positive and the grid side negative. The 
voltage developed across Ri then adds to the normal negative bias 
supplied by Rs and the total negative grid bias on the amplifier is 
equal to the sum of the AVC voltage and the original bias voltage. 

A strong I.F. signal (produced by a strong antenna voltage) 
applied to the diode detector circuit will cause an appreciable DC 
voltage to be developed across Rs (filtered into aDC through Rs and 
Re), and hence the grid of the I.F. amplifying tube is driven to a 
high negative potential with respect to its cathode. The amplifi- 
cation factor and transconduetance of the tube are decreased to a 
low value, so the input to the diode detector is correspondingly 
decreased. The audio output of the detector is thus prevented from 
increasing in proportion.to the strength of the incoming radio sig- 
nal. This automatic action prevents blasting from the loudspeaker 
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when tuning to a strong local station and, too, there is no possi- 
bility of overloading the diode detector circuit. 

Now, assume that the manual volume control on the receiver re- 
mains fixed and the tuning dial is adjusted to a weaker station. 
The I.F. signal delivered into the diode detector circuit will then 
be low in amplitude. The DC and AC components of the rectified 
voltages developed across R1 are also lower in amplitude and immed- 
iately the negative grid bias on the I.F. amplifier (and other stages) 
is decreased. The decreased bias simultaneously effects an increased 
amplification factor and transconductance. As these characteristics 
increase, a stronger I.F. signal is delivered to the diode detector 
input. In this manner, the gain of the amplifier automatically in- 
creases and the resultant A.F. output from the detector is approxi- 
mately the same as when the stronger signal was being received. 

This outlines the basic purpose and operation of an AVC circuit 
se let us now proceed to learn of the necessity for the additional 
items generally included in the commercial design of these circuits. 
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Fig.21 Illustrating how 
the addition of a simple 
AVC circuit alters the de- 
tector output characteris- 
tics of a receiver. 

An AVC circuit, such as that just discussed, is not perfect by 
any means in its ability to automatically maintain the detector out- 
put voltage at a constant level when the strength of the antenna 
signal voltage varies. Fig. 21 illustrates the results which might 
be expected from a simple AVC circuit and also the comparative oper- 
ation of a receiver eanipped the AVC action and one that is not so 
designed. Considering the operation of the receiver which does not 
incorporate AVC, it ís seen that the detector output voltage rises 
rapidly with increasing signal strength and, at approximately 100 
microvolts antenna input, the detector is overloaded. Strongerin- 
put voltages produce a decreased A.F. output from the detector 
with considerable audio distortion. With the AVC action, the detec- 
tor output voltage rises gradually with the strength of the incoming 
signal. If the AVC circuit were perfect in its operation, the de- 
tector output voltage would remain absolutely constant regardless of the strength of the incoming signal. This condition cannot be 
satisfied with a simple AVC circuit such as just discussed, for ob- 
vious reasons. To produce a change in sensitivity of the AVC con- 
trolled tube, it is necessary to change the input to the diode de- 
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tector.circuit. To reduce, the sensitivity of theI.F, amplifier 
(increase the. grid bias),- a 'slightly stronger I.F. signal must be 
fed into the diode detector circuit; therefore, a slightly greater 
A.F. output voltage will always be seeñred. Regardless of the grad- 
ual rise in detector output, a simple AYC circuit is beneficial in 
that detector "overload" is prevented and *blasting," commonly ex- 
perienced when tuning through a strong local station, is eliminated. 
One disadvantage apparent from Fig. 21 is_that the overall sensi- 
tivity of the receiver is decreased at weak signal inputs due to 
the AYC action. To overcome this, modern practice is to incorporate 
'a delayed AYC system or an amplified -delayed AYC circuit. Bach cir- 
units will be discussed in following lessons. 

9. TIME CONSTANT. One of the major factors, that east be taken 
into consideration for the proper design of a satisfactory AYC sys- 
tem is the "time constant" resulting from the size of resistors and 
condensers used in the filtering arrangement. To explain what is 
meant by the "time constant" of a resistance -capacitive circuit, let 
us refer to Fig. 22. Here, a voltage source H is'applied across 
condenser C when the switch is closed and the resistor R is in series 

trate the time constancuit 
t 

t" of 
a resistance- capacity cir- 
cuit. 

with the charging current. All of the electrons displaced around 
through the circuit during the charge of the condenser must pass 
through the resistance R. This electron flow; of course, continues 
only until the voltage built up across the condenser C is equal to 
the' voltage of the supply source. A definite amount of time is re- 
onired for these electrons to become. displaced around through the 
circuit, the time increasing as,the value. of R. is increased. The 
time constant of a resistance -condenser combination is the actual 
time to seconds reeuired for a condenser in series with a resistor 
to reach 63% of its.ftnal charge after the switch is closed. Thi, 
percentage has been derived from a fundamental electrical equation 
andholds true for any combination of resistance and capacity. The 
time constant in seconds is equal to the produdt of the resistance 
expressed in megohms and the capacity expressed in microfarads. As 
a formula, this is: 

T. (time constant) = R, (in.aegohms) x C (in afds.) 

For example, if'a'1 afd., condenser is connected in series with 
a 1 Demobs resistor and a.battery voltage of 100 volts applied, it 
will require One second for the voltage across the.eondenser to ob- 
tain a value of 63 volts. If the original battery voltage employed 
was 50 volts, then one second would elapse before the condenser be- 
came charged to 31k volts. (Ilk is 63$ of 50.) In all cases, the 
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actual. value of the applied voltage is, immaterial and the time con- 
stant is. the time in seconds required for the. voltage across the 
condenser to attain a value equal to 63% of whatever voltage might 
be applied. Reducing the size of the. resistor, or reducing the sise 
of the condenser, will always result in less time being. required to 
charge the condenser through the -resistor and it is commonly said 
that the "time constant" is decreased. High values of capacity and 
resistance require a longer time for the condenser to become charged 
and it is ,generally said that the 'time constant" -of the combination 
is high. 

Now let us see what effect time constant has on the operation 
of the''basic AVC circuit illustrated in Fig. 20. First, we shall 
assume that the resistors and condensers in the AVC circuit have a 
high value. This includes Rs, R,, Ra, Cs and C4. To calculate the 
time constant of this circuit, we must first add all the resistors 
together to obtain the total resistance of the circuit;, then. add 
the condensers to find the total capacity of the circuit. The AVC 
resistors and condensers of Fig. 20 have been redrawn into a sim- 
plified circuit, - shown in Fig. 2-3. If we first assume that the 
value of each of the three resistors is 2 megohis,the total circuit 
resistance is 6 megohms. If Ce and Ca are each .Z5 mfd., the total 
capacity in the circuit is .5 mfds. The time constant of the AVC 
circuit will then be 6 x .5 = 3 seconds.. This is a very high time 
constant; let us see how it would affect the operation of a receiver. 

FIp 2) Simple circuit 
to Illustrate the calcu- 
lation of ti.e. constant. 

With large values of R and C, especially R and Ce, there is 
little possibility that the pulsating DC developed across Rz will 
reach the output of the AVC filter (on the left side of Fig. 23) 
and, in turn, be applied to the grids of the controlled tubes. This 
is desirable, but is offset with the disadvantage that too much de- 
lay occurs before the controlled tubes receive their An controlling 
voltage resulting from a change in the diode input. This means that 
when a receiver is tuned from a strong to a weak 'station, the de- 
creased I.F. input to the diode detector circuit ,will develop a 
lower voltage across Rs, but it will be 3 seconds later before this 
same voltage appears on the grids of the controlled tubes and in- 
creases the sensitivity of the receiver. The weak station will 
probably be passed on the dial without the operator becoming aware 
of its existence. When an AVC. circuit is this "sluggish," tuning 
is extremely difficult. 
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Then, too, when a radio set is tuned to a weak station and it 

is desired to receive a strong local station, upon changing the dial 

a "blast" will occur from the loudspeaker before the AVC circuit 

has had time to operate and increase the negative bias voltage on 

the grids of the amplifier tubes. So, in all respects (excluding 

the production'of a pure DC AVC voltage), extremely high values -for 

the resistors and condensers in an AFC filter circuit are impractical 

because the time constant is too high (or long). 

Now, let us see what the effect would be if Rs, Rs, Rs, Cs and 

C. were reduced to low values. Obviously, the opposite effects will 

occur, but first let us calculate the tine constant. Let us assume 

that each resistor has a value of 50,000 ohms and each condenser 

has a valueof .05 mfds. The total resistance in the circuit is 

then 50,000 x 3, or 150,000 ohms. Expressed in megohms, that is 

.15 megohm. To find the total capacity in the circuit, .05 + .05 = 

.1 mfd. To find the time constant: 

=.15x.1 
T.C. (in seconds) 

_ .015 second 

This is an actual time of slightly longer than rem second. 

With-this'value of time constant, the 'AVC control voltage has no 

difficulty in responding rapidly to the varying signal strengths, 

such as those produced by fading and changing the dial position. 

The efficiency of the DC filtering, however, will be materially 

reduced, because for best filtering the resistance and capacity 
values should be high. With a time constant of only .015 second, 

the audio pulsations produced across the diode resistance Ri are 

very apt to appear at the output of the AVC filter and thus be ap- 

plied to the grids of the controlled tubes. This causes considerable 

audio distortion, especially when the incoming signal is modulated 

with low audio frequencies. between 30 and 100 cycles. 
Obviously, there is an optimum value of time constant between 

these two extreme example's that will provide adequate filtering and, 

yet, function rapidly enough for the AVC voltage to follow the var- 

' iations of fading and tuning operations. The value used in most 

commercial receivers indicates that optimum conditions are reached 

when the time constant is approximately .1 of a second. A time con- 

stant of'.1 second will result when the total resistance in the AVC 

circuit is 1 aegohm and the total capacity is .1 mfd. Of course, 

other values nay be used, as long as the product is equal to .11 

10. GRID FILTERS. Fig. 24 shows the basic outline of an AVC 

circuit as applied to three stages of a superheterodyne receiver. 

In this circuit, the.R.F. amplifier, first detector and L.F. amp- 

lifier -are all controlled by the AVC voltage. It will be noticed 

that in the second detector circuit, the diode load resistance Ri 

is a potentiometer; this permits a control over the amplitude of 

the audio voltages fed into the A.F. amplifier without interfering 

with the operation of the AVC circuit. R is a grid leak resistance 

in the grid circuit of the first A.F. amplifying stage. Rs is the 
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dióde load resistor and the volume control of the receiver. Conden- 

ser C by-passes the I.F. variations of the rectified modulated diode 
current, but the audio and DC voltages are déveloped across Rs. 

The DC voltage is filtered through the two -section -filter RAC, and á 

ReCe, thew applied to the grid circuit of each of the three control- . 

led tubes. A receiver constructed in this Banner would operate sat- 
isfactorily frog the standpoint of antomatie sensitivity varihtions, I 

but the design. is not entirely practical, because all ;three of the 1. "i 

grid circuits are returned to exactly the sane point. A.common re- 

i- turn makes it possible for excessive regeneration to occur between I 

the three stages, so the circuit is apt to become very unstable, 

possibly breaking into oscillation. To prevent th s circuit inter ; 

bility in commercial receivers, it is oommon practice to remove the 
second section of the AYC filter (ReCe), then provide an individual ' 

'filter in the grid circuit of each of the controlled tubes. The 

revised AYC circuit then appears as shown in Fig. 25. 

Fig. 25 is essentially the same as Fig. 24 except that -the 

grid circuit of the R.F. amplifier, first detector, and I.F. amp- 
.. 

lifier is mach provided with a separate filter. All these resis- ' 

R.F. Mp. FIrít Detector I.F. Asp. Second Detector AYC 

- A V.C; Voltage Line, 
i I. 

FIg.23 Commercial AYC 
circuit wherein- adequate filtering is pprovided for 
each amplifying stage. 
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tors and condensers are in the AVC circuit, so they cannot all have 
high individual values, otherwise, the time constant will be too 
high for satisfactory operation. The ºrid condensers Cs, C. and 
Cs must be large enough so as not to have -an appreciable effect on 
the total capacity in the oscillating circuits. As long as these 
condensers are large enough, compared to the size of the tuning 
condensers, their presence in the tuned circuits may be disregarded, 
because the total capacity is reduced only a negligible amount. 
These condensers are used in the ºrid filtering circuits so as to 
permit application of the AVC voltage to the control ºrids and, at 
the same time, allow the rotor plates of the tuning condensers to 
be grounded. The ganged tuning condenser assembly is generally 
bolted directly to the chassis (ground) so as to prevent hand capac- 
ity while tuning. 

In Fig. 25, each of the ºrid circuits is isolated from the other 
ºrid circuits by a filter or series "isolating" resistor. These are 
Rs, R. and Rs. When calculating the time constant in the AVC cir- 
cuit, RI, R,, Rs, R. and Rs must all be taken into consideration. 
Also, C,, Cs, C. and Cs must be added to find the total capacity. 
Since there is no current passing through the isolating resistors, 
the AVC voltage is not affected in any way. The only part of the 
entire AVC circuit through which a current flows is the diode load 
resistance Rs. 

11. DUO DIODE TRIODES. A duo -diode triode tube is a dual pur- 
pose tube having two separate sections enclosed in the same glass 
envelope. One section of the tube is a duo -diode rectifier and the 
other section is a triode amplifier. A common cathode is used as 
an electron emitter for both sections. Typical tubes of this type 
are 75, 85, 55, 2A6 and 6Q7. The 55 and 2A6 have low -au triode 
sections and the 75, 85 and 607 have high - an triode amplifiers. 

Since automatic volume control is employed in nearly all of 
the modern superheterodyne receivers, diode detection has come into 
common use. The outstanding disadvantage of a diode detector is 
that no amplification is obtained with the demodulation; hence, the 
A.F. output is low in amplitude. The dual-purpose, duo -diode triode 
corrects this defect; diode detection is obtained in the diode sec- 
tion and the triode section serves as the first A.F. amplifier. 
Thus, the total A.F. voltage output from the single tube is com- 
parable to that obtained from the output of a grid leak or grid 
bias power detector. At the same time, the advantages of diode 
detection and the ease of obtaining an AVC voltage are secured. 

Fig. 26 shows a duo -diode triode tube connected in a typical 
circuit. Here the two diode plates Ds and D, are tied together 
and perform as a half -wave rectifier in demodulating the incoming 
I.F. signal. The diode load resistance is Rs and condenser Cs is 
used to by-pass the I.F. component of the rectified diode current. 
Pulsating voltages, following the amplitude variations of the I.F. 
signal, are developed across Rs. The AC component of the pulsating 
voltages represents the audio frequency and is coupled through C, 
to the grid of the triode section of the same tube, which serves as 
the first A.F. amplifier. The DC component of the pulsating volt- 
ages developed across Rs is filtered through R.C., then applied to 
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the AYC controlled. tubes. The triode section secures a negative 
grid bias from the voltage drop produced by the _flow of plate cur- 
rent through the cathode resistance RI: The voltage developed 
across this resistance is applied through the grid leak Rs directly 
to the control grid. . 

Duo -diode - 

1 .F. Triode 

Transformer - 2nd A.F. 

d 

_1 
AVC 

Volta 
C4 

Amplifler 

M 

e+ 

C1 R1 Fig,26 Illustratinptyp- 
ical connections of a duo - 
diode -triode tube perform- 
ing as -a second detector. 

.AVC tube, Ind first AF amp- 
lifier. 

The triode section operates independently of the diode section; 
hence, the A.F. voltages applied, to the control grid canse plate 
current variations through Rs, thus developing the A.F. output volt- 
age, which in turn way be applied to .a second A.F. amplifier or fed 
directly- to the power amplifier stage.. The. diode load resistance 
Rs is a potentiometer, thus making it possible to vary the amplitude 
of the audio voltage applied to the control grid of the triode sec- 
tion, When the movable arm of the 'potentiometer is to the extreme 
right, no audio voltages are applied through Cr to the grid, so the 
volume from the receiver is minimum ( zero) . When the movable arm 
of the potentiometer is on the extreme left, full A.F. voltage 
across Rs is applied to the grid of the triode so the volume from 
the receiver is maidmias. 

In some duo - diode triode circuits, the two diode plates are 
not tied together to form a half -wave rectifier as shown in Fig. 26, 
but, rather, are connected in such a manner as to obtain full -wave 
rectification of the I.F. signal. Such practice is rather uncommon 
in commercial radio receivers at the present time. Delayed AVC cir- 
cuits will be discussed in Lesson 9 of Unit 2. Therein it will be 
found- that the diode plates way be used individually; one to develop 
a delayed-AVC voltage and the other to produce rectification of the 
I.F. signal. Such an arrangement has certain advantages which will 
be pointed out during the study of that lesson: 

- Typical duo -diode triode -circuits will be found in the RCA -Tube 
Manual. in connection with the characteristics of the type 85 tube, 

Duo -diode pentode tubes are frequently used for the same pur- 
pose as the duo -diode triodes; that is, to serve as a composite sec- 
ond detector,-AVC tube and first A.F. amplifier. The essential dif- 
ference between the duo -diode triode. and the duo -diode pentode is 
that the amplifying section is a pentode; rather than.a,triode. The 
duo -diode section. is essentially the same. Typical duo-diode..pen- 
todes are the 687, 287 and 1F6. _ 
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In,some modern' receivers, the pentodo'héctioñ'of ,e duo -diode 
Pentode serves as the last I.F., amplifier; then -the duo -diode see- 
tion'performs as the secondAeteotor and to develop the AVC voltage. 
A :separate tube. must" be used' for the first A.F. amplifier. 

iii as;nn .r.' 
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Fig.27 Block diagrams 
showing how the second 
detector and AVC circuits 
are separated. 
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In''several'cav éréial'recéivers. generation of the AVC volt- 
age is entirely separate from the process of demodulation in the 
second detector. Fig. 27 shows how this is done in block diagram ' 

form., The amplified output of the last I.F. amplifier is delivered 
into the second detector, where the signal is demodulated end is 
also fed (through a condenser) -into a separate diode circuit which 
generates the AVC voltage. this has the advantages of greater eta-. 
bility, less possibility for audio distortion, and greater flexi- 
bility in circuit design. Frequently when' this. arrangement is em- 
ployed, a separate amplifier is used ahead of. the AVC diode so as 
to develop a higher automatic control voltage. A duo -diode, pentode 
lends itself to this application very conveniently, the pentode sec- 
tion serving as the AVC amplifier with the diode section developing 
the AVC voltage. Typical tubes are the 2B7.endthe'6B7. 
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Aye .i.F. Amp.. pi To diode 

AVC - R.F. A 
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get: et 

Fig, .211 Voltage -divider whereby 
a different Tferent AVC voltage may be ap 
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In the design of same'receiveis,iit is 'desirable to apply a 
different AVC voltage to the I.F. amplifier than that applied to 
the R.F. and first detector. These deviations from the general 
rule are a result of other design requirements in the receiver. To 
show'how this may be done, let us refer to Fig. 2$. Here the total 
AVC voltage is'developed across Rs, which- is connected across the 
output 'ef' the AVC rectifier. The4total, voltage from A to C is 
available for application to the grid of the I.F. amplifier;hence, 
this stage is controlled to the full extent of the AVC voltage. 
The tap on Rs at point Wallows the' application of a lower AVC volt- 
age to the I.F. amplifier'and first detector stages. 



12. THE TYPE 1247 TUBE. This tube consistsof a half -wave 
rectifier and a pentode power amplifier, Contained within á single 
bulb. It was commonly used in the first.AC-DC operated receivers. 
The half -mud -rectifying section of the tube has a cathode separate 
from that used for the pentode power amplifier stage, but the heaters 
for the two cathodes are connected in series. 

A typical circuit illustrating the application of the type 12A7 
is shown in Fig. 29. Here the rectifier plate Pi and the cathode It 
form a htilf-wave rectifier. The maximum voltage that can be applied 
between Pa and K1 is 135 volts R.M.S., according to the manufacturer's 
specification. Also,.the maximum current that can be drawn through 
the half -wave rectifier section is 40 ma., so it is obvious that this type of tuba, can be used only with the low voltage, low current 
tubes common in midget receivers. In Fig. 29, when 110 volts AC is 
applied, a half -wave rectified current passes through the diode sec- 
tion. This ºulsating current is filtered by the inductance L and 
the two filter condensers Cs and Ca. Rs is the bleeder resistance. 
The average DC voltage generally secured from this type of rectifier 
circuit is from 100 to 115 volts. 

12A7 P, 

Af..- Gi Mp pi 

Ri 

110 volts 
AC or DC 

Fig.29 illustrating typical 
connections for atype 12A7 when 
performing as a rectrfie.r and_ 
pentode power amplifier. 

Rs 9+ 
100-115 
volts 

The pentode. section of the type 12A7 is designed to perform ef- 
ficiently with a. low plate and screen voltage.. The maximam plate 
and screen voltage as specified by the manufacturer -is 135 volts. 
The maximum plate current drawn by the pentode power'amplifier is' 
9 ma. and the screen current is 2.5 ma. With these values, assum- 
ing proper excitation from.the audio amplifier, am undistorted power 
output, of approximately .55 of, á watt is secured. _Grid bias for 
the pentode section is secured from the voltage drop across the 
cathode resistor R,. Since cathode H, is entirely separate from 
Xi, the two cathode circuits do not interfere in any way. 

,The popularity of the 12A7 has diminished recently es the power 
supply in AC -DC receivers in favor of the more dependable voltage 
doubler circuits. Typicel voltage doubler tubes are: 2525, 2526 
and.25Z6G. 

13. THE GRONOW MODEL 4-B RECEIVER. A study of the Grunow 4-B 
'receiver presents an excellent opportunity to illustrate the appli- 
cations of multi -element tubes and the advantages thereby gained. 

38 

} 



"circuit diagram of the Grunow 4-B is shown in Fig. 30. This is a 
simplified schematic diagram; gone of the intricate circuit connec- 
tions have been omitted for convenience. In this receiver, a type 
6A7 tube is usedas a combined first detector and oscillator, a 6F7 
es a combined I.F. amplifier and second detector,:lwith a 42 pentode 
tube servingas the output. Thus, .a complete superheterodyne re- 
ceiver is obtained;- usingfour tubes; -actually, only three .tubes .in 
the amplifying circuit. By using the two dual-purpose tubes,' the 
type 6A7 and 6F7,, the amplifyinu,portion of the receiver is equiv- 
alent to a five tube set. ' Tuning is accomplished by a two-gang var- 
iable condenser, one section tuning the first. detector. grid circuit 
and the other tuning the oscillator circuit. .Two'I.F. transformers 
are used, oneto couple from the output of the 6A7 mixer and.the 
other to couple the. output of the. pentode section of the 6F7 intd 
the triode detector section,of the.6F7. Both,of these I.F.Itrans- 
formers are indicated on Fig. 10. . 
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Fi'g.30 Schematic wiring 
diagram of the Grunow R -B 
receiver chassis. 

A modulated signal voltage induced in the antenna causes a cor- 
responding current to' pass through the primary L to ground. By 
electromagnetic induction, the incoming signal's transferred'into 
the secondary, which is tuned by the variable condenser Cs. This 
modulated signal voltage is then applied to grid #4 of the 6A7 pen- 
tagrid converter. This is the control [rid of the pentode section. 
The oscillator section of 'the 6A7 consists of'grids #1 and #2 in 
conjunction with the circuit components. _Ls -is the plate 'feedback 
coil and LsCr is the oscillator tuning circuit.. The R.F. voltage 
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developed in the oscillator tuned circuit is coupled through C4 to 
grid #1, which is the control grid in the oscillator section. R. 
is the grid leak which supplies the grid bias necessary for proper 
operation of the oscillator circuit. The tuning condenser Cs in 
the oscillator section has different size plates than the condenser 
Cs used to tune the R.F. section. Both of these condensers are 
ganged on the same assembly and a single knob is used for tuning 
the receiver. 

The volume control of the receiver Rs is located inthe cathode 
circuit of the 6A7 pentagrid converter. Rº is a small resistance 
for the purpose of maintaining a minimum bias on the grid of the 
pentode section of the 6A7 to prevent distortion. The volume con- 
trol potentiometer Rs serves as both an antenna shunt and a cathode 
bias resistor. Moving the arm on Rs to the left decreases the vol- 
ume and moving the arm to the right increases the volume. 

The screen voltage for the 6A7 pentagrid converter (also for 
the pentode section of the 6F7) is secured through the voltage drop- 
ping resistance R4. Cs is the plate bypass condenser and Cs is the 
screen bypass. Cs also serves as the plate bypass for the oscilla- 
tor section of the 6A7. 

The plate circuit of the 6A7 pentagrid converter is tuned to 
the intermediate frequency of 455 kc. by the parallel tuned circuit 
C,L4. The modulated I.F. signal is transferred through the first 
I.F. transformer into the secondary tuned circuit LeCs, and the 
voltages developed across this circuit are applied to the control 
grid of the pentode section of the 6F7. The output or plate circuit 
of the pentode section is loaded by the tuned circuit C.Ls, which 
is also tuned to the intermediate frequency of 455 kc. By induc- 
tive coupling, the modulated I.F. signal is then fed into L1 which 
is in the grid circuit of the triode section of the 6F7. This tri- 
ode section is operated as a grid bias detector; hence, the recti- 
fication and amplification that occurs produces audio frequency 
voltages across the plate coupling resistance Rs. Cis bypasses the 
R.F. component of the plate current variations inthe plate circuit 
of the bias detector. A high bias must be employed for grid bias 
detection and in the 6F7 cathode circuit, this high negative bias 
is secured by the voltage drop across Rs and Rs. It will be noticed 
that the grid return from L.C. is connected between Rs and Rs; thus 
the control grid of the pentode section of'the 6F7 is not supplied 
with the same bias voltage as the triode section. This is.necessary 
in order to prevent rectification from occurring inthe pentode I.F. 
amplifier circuit. 

From the output of the triode bias detector; the audio frequen- 
cy voltages are transferred through the coupling condenser C14 to 
the control grid of the type 42 pentode power output tube. This 
pentode is connected in a conventional manner and is capable of de- 
livering approximately ,2.5 watts of audio power into the loudspeaker. 

This detailed analysis of the Grunow 4-B receiver has shown how 
it is possible to construct a satisfactory superheterodyne receiver 
using a minimum number of tubes. Both the 6A7 and the 6F7 perform 
a dual purpose. so the amplifier circuit is really equivalent to 5 
tubes, rather than 3. Since no R.F. stage is used preceding the 
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first detector and since only one I.F. stage is employed, the re- 
ceiver sensitivity is not expected to compare with some of the lar- 
ger Grunow models that have more tubes. This set, however, is very 
satisfactory for local reception and, since only four tubes are used, 
it may be built into a midget cabinet. This receiver does not use 
AVC and the second detector is of the grid bias type in order to ob- 
tain the greater amplification possible from that type of circuit. 

14. THE GRUNOW 5-A. The- circuit diagram of the Grunow 5-A 
receiver chassis is shown in Fig. 31. A study of this receiver cir- 
cuit presents an opportunity to become acouainted with the operation 
of a 6F7 in a different circuit application and also to more clearly 
understand the operation of a duo -diode triode, such as the type 75. 

In this receiver, the pentode section of the 6F7 is serving as 
the first detector and the triode section of the same tube is the 
local oscillator. The incoming signal from the antenna. is applied 
to the control grid of the pentode section and the pentode plate 
(PP) is connected directly to the primary tuned circuit of the first 
I.F. transformer. The triode grid (Tg) and the triode plate (Tp) 
form the oscillator circuit. A typical feedback type of oscillator 
circuit is employed and grid bias is developed by the flow of grid 
current through the 100,000 ohm resistor (33134). The tuning con- 
denser of the oscillator section is ganged with the tuning condenser 
for the grid circuit of the first detector. Screen grid voltage is 
obtained on the pentode section of the 6F7 and also on the screen 
of the 78 through the common 25,000 ohm dropping resistance (26514). 
A 50,000 ohm resistor (20929) serves as a bleeder to maintain a 
steady and constant screen voltage, while the .075 mfd. condenser 
connected across it serves as a screen bypass.' The voltage on the 
plate of the triode oscillator section of the 6F7 is reduced from 
the high output of the B supply through a 50,000 ohm resistance 
(20929). 

The first I.F. transformer (27919) has the primary and second- 
ary circuits tuned to the intermediate frequency of 455 kc. The 
type 78 I.F. amplifier is connected in a conventional circuit. The 
plate circuit of the 78 feeds the amplifier energy into the second 
I.F. transformer (27918). The modulated I.F. voltages developed 
across the secondary tuned circuit (also tuned to 455 ke.) are then 
applied to the diode detector and AVC circuits. Diode detection is 
obtained from the diode plate (Pd) connected directly to the top of 
the secondary tuned circuit (the one on the left). The load resis- 
tor for this plate of the duo -diode section is the 100,000 ohm re- 
sistor marked 93134. The 100 mmfd. condenser connected across this 
diode load resistor serves to bypass the I.F. component. The pul- 
sating DC voltages developed across 33134 contain the AC component 
of the modulated I.F. signal. This AC component is the audio fre- 
quency signal and is fed through a 50,000 ohm resistor (32694) and 
a .01 mfd. condenser (94417) into the control grid circuit of the 
triode section of the 75. The potentiometer (27834) is the volume 
control of the receiver, because it governs the strength of the 

Locate these parts carefully because there are several resistors and condensers on the diagram which have the same stock number. 
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1 audio voltages fed to the grid of the triode A.F. amplifier. A 
100,000 ohm resistor (11114) serves as the grid leak for the triode 
A.F. amplifier section of the 75. The plate circuit of the triode 
contains the amplified audio signal which, in turn, is coupled 
through a .05 mfd. condenser (14416) to the control grid of the 47 
pentode power output tube. 

Automatic volume control voltage is secured from the diode 
plate (Pd) on the right. This diode plate is supplied with an I.F. 
signal voltage through a 100 mfd. condenser (24251.) The rectified 
diode current that flows, passes through a. tapped resistor (27816) 
and a 500,000 ohmload resistor (14755). Since the right side of 
the tapped resistor (27316) is connected to ground and the left side 
to the center tap of the high voltage winding on the power trans- 
former, all of the current flowing from the power supply must pass 
through this resistor to develop a voltage across it with the left 
side negative and the grounded side positive. This constitutes a 
bucking or "delay" voltage for the AVC circuit. For a current to 
flow through the AVC section of the diode circuit, there must be 
sufficient I.F. signal voltage developed on the right diode plate 
to overcome this voltage produced in the opposite direction across 
27816. This is called a "delayed-AVC circuit," which means that 
the development of an AVC voltage is retarded until the I.F. signal 
attains a certain minimum value. For example, if there are 10 volts 
developed (by the power supply current) across 27816, then at least 
10 volts of I.F. signal must be applied to the right diode plate of 
the 75 before a rectified current will flow through this circuit 
and develop an AVC voltage. In other words, the action of the AVC 
circuit is "delayed" until the incoming signal is above a predeter- 
mined minimum value. The advantages gained by using a delayed-AVC 
circuit will be discussed thoroughly in Lesson 9 of Unit 2. The 
delayed-AVC circuit does not interfere with the process of detection. 

When the I.F. signal attains a value sufficient to overcome 
the delay voltage, a rectified diode current passes through the 
500,000 ohm resistor 14755. A .25 mfd. condenser (28728) bypasses 
both the I.F. and A.F. components of the voltage produced across 
14755; hence, only the DC component passes through this resistor to 
produce a steady voltage drop. The magnitude of this DC voltage 
drop is always in direct accordance with the average strength of 
the incoming signal. The DC (AVC) voltage is filtered by a 250,000 
ohm resistor (12695) and a .075 mfd. condenser (27921). The AVC 
voltage is then applied directly to the control grid of the 78 I.F. 
amplifier and also through a 250,000 ohm resistor (12695) to the 
control grid circuit of the pentode section in the 6i'7. Note that 
the grid -filtering condenser has been omitted in the I.F. amplifier 
circuit, but, is used in the first detector grid circuit. Intercir- 
cuit reactions are prevented by the insertion of a 250,000 ohm re- 
sistance (12695) between the two grid return connections to the AVC 
line. 

In addition to showing the circuit diagram of the Grunow 5-A, 
Fig. 11 also indicates the tube layout and trimmer locations. Sev- 
eral lessons in Unit 2, which von are now ready to study, will be 
devoted to the methods and procedures of aligning the trimmer con- 
densers on various superheterodyne receivers. 
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