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The amateur "shack” has become a familiar part of the American landscape. That of
WG6JRM is typical of many hundreds throughout the country.
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CHAPTER ONE

Introduction to Amateur Radio

‘ ‘ HILE the definition of “amateur” would

seem to include shortwave listeners as radio
amateurs, the term ordinarily is used to indi-
cate specifically those radio hobbyists possess-
ing a government license and amateur call
letters.

More than 50,000 licensed amateurs in the
U.S.A. are actively engaged in this field for
purposes of experimentation, adventure, and
technical education. It is interesting to con-
sider what there is about amateur radio that
captures and holds the interest of so many
people throughout the world and from all
walks of life, for unquestionably there is
something about it which generates a lasting
interest in its varied problems and activities.

Many famous men, holding high-salaried
positions of importance in the radio industry
today, got their start in the radio business
by discovering an interest in amateur radio. A
large number of these executives and engineers
continue to enjoy amateur radio as an avoca-
tion even though commercially engaged in the
radio industry, so strong is the fascination af-
forded by this hobby.

Technical Achievement. Although “ham-
ming” generally is considered to be “only a
hobby” by the general public. its history con-
tains countless incidents of technical achieve-
ments by its members which have served to
improve radio communication and broadcast-
ing. Many of the more important advance-
ments in the art of radio communication can
be chalked up to the ingenuity of radio ama-
teurs. Experiments conducted by inquisitive
amateurs have led to important developments
in the fields of electronics, television. radio
therapy, sound pictures, and public address,
as well as in radio communication and broad-
casting.

Fellowship. Amateurs are a most hospi-
table and fraternal lot. Their common interest
makes them ‘“brothers under the skin” and
binds them together as closely as would mem-
bership in any college fraternity, lodge, or
club. When visiting a strange town an ama-
teur naturally first will look up any {riends in

that town he has made over the air. But even
if he is unknown to any amateurs in that
town, his amateur call is an “open sesame.”
The local amateurs will hang out the welcome
sign and greet him like a long lost brother.

It is not unusual for an amateur to boast a
large circle of friends, scattered throughout the
country, with whom he chats nightly while
seated comfortably at home. He gets to know
these people intimately, many of whom he will
never meet personally. Frequently he is of
service to them, and they to him, in delivering
messages to other people.

Amateur radio clubs have been formed in
nearly all of the principal cities in the United
States. The first thing a newcomer should do
is to attend one of these club meetings and let
the members know that he is interested in
joining the ranks of radio amateurs. The vet-
eran amateurs will be glad to lend a hand with
any difficult problems he might encounter,
and often can give invaluable advice as a re-
sult of their own experience. Also, he will be
introduced to others who have recently taken
an interest in amateur radio, and will have
someone with whom to study. A “study com-
panion” is especially helpful when it comes to
learning the code.

The National Youth Administration is active
in encouraging and assisting young men to be-
come radio amateurs, and it is suggested that
voung, prospective amateurs in the larger cities
contact the local N.Y.A. organization.

Public Service. The radio amateur, or
“ham.” often renders public service. When
hurricane, flood. earthquake, or heavy ice
wreaks havoc with telephone and telegraph
lines and the mails, the newspapers invariably
follow with an account of how aid was sum-
moned to the devastated area and communica-
tion maintained with the outside world largely
through the efforts of radio amateurs. Radio
amateurs are justly proud of their record of
heroism and service in times of emergency.
Many expeditions to remote places have kept
in touch with home and business by “working”
amateurs on the short waves.
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A Diversified Hobby. Amateur radio is a
hobby with several phases. There are those
who revel in long-distance contacts with ama-
teurs in far-off lands and try to excel in num-
ber of distant stations “worked.” These en-
thusiasts are called ‘“‘dx” men. Unfortunately
this activity has been curtailed by the war.

Others make a specialty of relaying messages
free of charge for people in their communities,
and these fellows often perform meritorious
services. Still others prefer not to specialize,
but simply to “chew the rag” with any other
hams who happen to be on the air.

Then, there are the experimenters, inde-
fatigable individuals always striving for per-
fection. They are everlastingly building up
and tearing down transmitters and receivers,
deriving as much enjoyment from the con-
struction or improvement of equipment as
from its operation on the air. Whichever
phase most strongly captures your fancy, you
will find amateur radio an absorbing hobby.

Before you may join the others on the air,
however, you must be licensed by the govern-
ment to operate a transmitting station; so
your first task will be to acquire sufficient
knowledge to pass the test. Those who attempt
to operate (on the air) any kind of transmit-
ting equipment without a license are liable to
a fine and imprisonment.

How to Obtain Your License

To obtain an amateur transmitting license
from the U.S. government, you must be a
citizen of the U.S.A., master the code, know
how amateur transmitters and receivers work
and how they must be adjusted, and be fa-
miliar with regulations pertaining to amateur

operators and stations. An application blank
for amateur radio operator and station license
can be obtained from your district office of
the Federal Communications Commission. A
list of district offices is printed in Chapter 29.

When you have filled out this application
properly, sworn to it before a notary public,
and returned it to the district office, the in-
spector in charge will notify you of the time
and place of your examination. There is no
charge for an amateur operator and station
license, and there are no age limits.

1t is necessary that your station not be lo-
cated on premises under the control of an alien.
Remember this when determining the proposed
site of your transmitter and filling out the
application blanks. If you rent from an alien,
the premises are under your “control” and
you have nothing to worry about. However, if
you merely “board” instead of rent, that does
not put the premises under your control.

The examination will consist of a practical
code test and a written theoretical examina-
tion. The written examination usually includes
ten questions, some of which are in several
parts. The questions are of the “multiple
answer” type, and the applicant has to pick
the correct answer from several listed with
each question. An extensive list of questions,
typical of those asked in the examination, is
given in the Rap1o AMATEUR NEWCOMER. In
the code test, you will be required to send and
receive messages in plain language, including
figures and punctuation marks, at a speed of
13 words per minute (5 characters to the
word), for a period of one minute, without
mistakes. Both sending and receiving tests are
five minutes in length, which gives the appli-
cant an excellent opportunity to send or re-

Figure 1.
Amateur station WIRIL, typ-
ical of hundreds of medium
power “ham” outfits through-
out the U.S.A. As usually is
the case, the receiving equip-
ment is of commercial manu-
facture, the transmitting
equipment homemade.
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ceive the required 65 consecutive characters
without error.

If you pass both the code and written tests
successfully, you will later receive a combined
license from the Commission’s offices in Wash-
ington. This license, when signed by you, be-
comes valid. It is a combination operator and
station license, one being printed on the reverse
side of the other.

Do not confuse the call areas (1 to 9) with
the U. S. Radio Districts (1 to 22). It is rather
confusing to the newcomer because amateurs
commonly refer to call areas as districts and
indicate a station in, for example, the ninth
call area as a “ninth district station.”

The class B operator license will authorize
you to operate c.w. radiotelegraph transmitters
(any licensed amateur transmitter, not just
your own) in any amateur band or radiophone
transmitters in the 160-, 10-, 5-, 23-, 14-, and
3-meter bands. You will not be entitled to op-
erate phone in the select 8o- and 20-meter
bands until you have held your class B license
for at least one year and have passed an exami-
nation for the class A license.

The Class C License. If you live more
than 125 miles air-line distance, from the near-
est examining point maintained by the Federal
Communications Commission, you may apply
for a class C license, the examination for
which is given by mail. Other persons allowed
to apply for the class C license include (1) ap-
plicants who can show a certificate from a
reputable physician stating that the applicant
is unable because of protracted disability to
appear for examination, (2) persons stationed
at a camp of the Civilian Conservation Corps,
and (3) persons who are in the regular mili-
tary or naval service of the United States at a

Figure 2.
Another “typical” medium
power amateur station, that
of W3KJ. Observe the neat
simplicity of the installation.

military post or naval station.

A licensed radiotelegraph operator (other
than an amateur operator who himself holds
only a class C license) or a regularly employed
government radiotelegraph operator must sign
the class C applicant’s blank in the presence of
a notary public, attesting to the applicant’s
ability to send and receive the continental
Morse code at the required speed of 13 words
per minute. Do 7ot send for class C blanks
containing the examinations and questions until
you feel you are ready to take your examina-
tion, as you are not supposed to hold them in-
definitely after receiving them.

Holders of class C licenses may be required
by the Commission to appear at an examining
point for a supervised written examination
and practical code test at any time during the
term of their licenses. This is seldom done
except where the Commission has reason to
suspect that the applicant would have difficulty
in passing the personal examination. For in-
stance, an amateur holding a class C ticket who
regularly is heard on the air with a bad note
or modulation, or is heard sending always at
8 or g words a minute, or repeatedly requests
QRS, should not be at all surprised to receive
a notice to appear. The class C license will be
cancelled if the holder does not appear for
examination when called, or if he fails to pass
when he does appear.

The privileges granted by the class C license
are identical with those of the regular license.

Your operator and station licenses will run
concurrently, both expiring together three years
from the date of issuance stated on the face of
the license. Both may be renewed without

examination if an application is filed at least
60 days prior to the indicated date of expira-
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tion and the applicant offers proof that he
has communicated via amateur radio with three
other amateur stations during the three-month
period directly preceding the date of applica-
tion for renewal.

You may obtain just an operator license
(without the station license) if you desire; this
will permit you to operate any licensed ama-
teur station. The “station” side of the license
will be left blank and you will have no call
letters assigned to you, It is not possible ‘to
apply for or obtain a station license singly
unless you already have an operator license.

Heavy penalties are provided for obtaining
an amateur license by fraudulent means, such
as by impersonating another person in an ex-
amination, copying from notes, books or the
like, or misrepresenting the fact of one’s U.S.
citizenship. Applicants who fail to pass the
examination can take it again after two months
have passed from the time of the last exami-
nation,

There are so many special instances that
may arise that no attempt will be made to
cover every possible contingency pertaining to
the application for and privileges accorded by
an amateur license. If you have a special ques-
tion regarding some point not covered in this
book, or which is not clear to you, write to the
Inspector-in-Charge of your radio district.
Don’t guess at the proper interpretation, or
take somebody else’s word for it; you may get
in trouble.

There is one thing you should not write to
the inspector about and that is the necessity
for a license to ¢ransmit. A transmitter license
is absolutely necessary, regardless of power,
frequency, or type of emission; there are no
exceptions nor special cases.

Before attempting to take the amateur ex-
amination, the reader should have a thorough
knowledge of the regulations affecting amateur
operatots and stations. While “memorizing”
procedure is not to be recommended when pre-
paring for the technical portion of the amateur
examination, the best way to prepare for the
questions pertaining to regulations is to mem-
orize the pertinent extracts from the communi-
cations law, and also the United States amateur
regulations, given in Chapter 29. They do not
necessarily have to be memorized verbatim,
but the applicant must have at his command
all of the information contained therein.

It is important that the reader clearly under-
stand the distinction between violations of the
basic Communications Act of 1934, and viola-
tions of the rules and regulations set up under
the basic act by the Federal Communications
Commission. The former constitutes the more
serious offense, and anyone is liable, whether
he be an amateur or not. The difficulty some
applicants experience with certain questions is
in deciding whether a certain offense is a viola-
tion of the basic act or a violation of rules set
up by our F.C.C. under the act.

Starting Your Study. When you start
your study to prepare yourself for the amateur
examination, you will probably find that the
circuit diagrams, tube characteristic curves,
and formulas first appear confusing and diffi-
cult of comprehension. However, after put-
ting in a few evenings of study, one becomes
sufficiently familiar with basic concepts and
fundamentals that the acquisition of further
knowledge is not only easy but fascinating.

As it takes considerable time to become pro-
ficient at sending and receiving code, it is a
good idea to start by interspersing technicul

Figure 3.
The receiving position of the
prepossessing installation at
W6PMB shows that amateur
equipment may be made to
blend  unobtrusively with
home furnishings.
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MONTANA
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Figure 4.
U.S. call areas, often erroneously referred to as districts. U.S. radio districts (1 to 22)
should not be confused with the call areas.

TEXAS

SWAN IS. VIRGIN IS.

KD4 KB4

study sessions with short periods of code prac-
tice. There are two reasons for this: many
short code practice sessions benefit one much
more than a fewer number of comparatively
longer sessions. Also, it keeps one from getting
“stale” while studying theory and regulations
by serving as a rest period, thus serving to
maintain one’s interest. Each kind of study
serves as a respite from the other.

You can even start on one of the simpler
receivers described in the chapter on Receiver
Construction if you wish, though at first you
will be unable to decipher many of the dots
and dashes you pick up on it. However, many
interesting hours can be spent listening to the
conversations of amateur phone stations. The
numerous references to “QSA,” “Rig,” “Ro-
tary,” and other mysterious terms will begin to
take on significance.

When you have practiced the code long
enough, you will be able to follow the gist of
the conversation of slower sending code sta-
tions, and fish for “dx.” Many stations send
slower than “13 per” when working dx. Sta-
tions repeat their calls many times when calling
“CQ,” and one need not have achieved much
proficiency to make out their calls and thus
determine their location. Granted that it is ad-
visable to start right in with learning the code,
you will want to know how to go about master-
ing it in the shortest possible time with the
least amount of effort.

Learning the Code

The applicant for an amateur license must
be able to send and receive the Continental
code at a speed of 13 words per minute, with
an average of s characters to the word. Thus
65 characters must be copied consecutively
without error in one minute. Similarly, 65
consecutive characters must be transmitted
without error in that time. The applicant, how-
ever, is given sufficient opportunity to pass this
code test, since sending and receiving tests are
both five minutes in length. If 65 consecutive
characters, at the required rate, are copied
correctly, somewhere during the first five-
minute period, the applicant may then attempt
a transmission. Again, if 65 consecutive char-
acters are sent correctly somewhere during this
second period, a passing mark is received.

Failure to pass the code test results in a
two-month rest period during which the ap-
plicant can improve his mastery of the code;
thereafter, he may again appear for another
try.

Approximately 30 per cent of the amateur
license applicants fail to pass the code ex-
amination. It should be expected that nervous-
ness and excitement—at least to some degree
—will hinder the applicant’s code ability. The
best prevention against this is to be able to
master the code at a little better than the re-
quired speed, under ordinary conditions. Then
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NUMERALS, PUNCTUATION MARKS, ETC.

i T Y X X
2 oeomede
3 eoome

4 oecoeam

5 oeecee
PERIOD

COMMA

INTERROGATION
QUOTATION MARK
COLON
SEMICOLON
PARENTHESIS
FRACTION BAR
WAIT SIGN

6 emeosoo

7 emamooe

8 eaeamee
O eoemnememe

J oo

INTERNATIONAL DISTRESSSIGNAL oo oam e am 0 0 0

DOUBLE DASH (BREAK) em oo o am

ERROR (ERASE) SIGN

END OF MESSAGE

END OF TRANSMISSION

Figure 5.
Shown above is the Continental code used
for all radio communications. The more
complicated Morse code is used for land
line telegraphic communication within

the U.S.A.
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a little slowing down due to nervousness will
not prove “fatal” during the strain z;]nd excite-
ment of the examination. As to the correct

LHE BeDIOTEL SORAPH CODE method of learning the code, the following is
recommended. Unfortunately, no “trick” short
A o= N e cut to learning the code has been found gen-

B emeece 0O oee erzi{)lly successful. he Ch -
emorizing the aracters. To memo-
S 00 P emme rize the alphabet entails but a few evenings of
D emeo Q == diligent application. The time required to
E o R eame build up speed will be entirely dependent upon
F ooame S eee individual ability and regularity of drill, and
may take any length of time from a few

G e L weeks to many months.
H eeoe U eoemm Since code reading requires that individual
| oo V eeeam letters be recognized instantly, any memorizing
scheme which depends upon an orderly se-
J emew= W eam quence, such as learning all “‘dot” letters and
K esoem X emooam all “dash” letters in separate groups, is to be
eamoe discouraged.

; - e ; : .-. .- Each letter and figure must be recognized by

its sound rather than by its appearance. Teleg-
raphy is a system of sound communication, the
same as is the spoken word. The letter A, for
example, is one short and one long sound in
combination, sounding like did-dak, and it
must be remembered as such, not dot-dash.

If you listen to the sound of a letter trans-
mitted slowly by a buzzer and key in the
hands of some experienced operator, you will
notice how closely the dots resemble the sound
did and the dashes dah.

Before beginning practice with a code-
practice set, it is necessary to memorize the
whole alphabet perfectly. A good plan is to
study only two or three letters a day and to
drill with those letters until they become part
of your consciousness. Mentally translate each
day’s letters into their sound equivalent wher-
ever they are seen—on signs, in papers; in-
doors and outdoors. Tackle two additional
letters in the code chart each day, at the same
time reviewing the characters already learned.

Avoid memorizing by routine. Be able to
sound out any letter immediately without so
much as hesitating to think about the letters
preceding or following the one in question.
Know C, for example, apart from the se-
quence A, B, C. Skip about among all of the
characters learned, and before very long suffi-
cient letters will have been acquired to enable
you to spell out simple words to yourself in
“did-dahs.” This is interesting exercise, and
for that reason it is good to memorize all of
the vowels first, the most common letters next.

Actual code practice should start only when
the entire code, including numerals and the
few commonly used punctuation marks, have
been memorized so thoroughly that any letter
or figure can be sounded at a moment’s notice
without hesitation.
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Once you have memorized the code thor-
oughly, you should concentrate on increasing
your receiving speed. True, if you practice
with another newcomer who is learning the
code, you will both have to do some sending.
But do not attempt to practice sending just
for the sake of increasing your sending speed.

When transmitting on the code practice set
to your partner, so that he can get receiving
practice, concentrate on the gquality of your
sending, not on your speed. Your partner will

appreciate it, and he could not copy you if you
“opened up” anyhow. If you want to get a
reputation as having an excellent “fist” on the
air, just remember that speed alone won’t do
the trick. Proper execution of your letters and
spacing will make much more of an impres-
sion. Fortunately, as you get so that you can
send evenly and accurately, your sending speed
will automatically increase. Remember, try to
see how evenly you can send and how fast you
can receive.

“0 METER BAND" [4[== TrFon.
RMETEROARD I'E =

28100

“5METER BAND"

112 MC. 116 MC.
“2% METER BAND" [=ii [ Tiich
224 MC 230 MC.

'1* METER

“3 METER BAND‘

1750 KC 1800 2050 KC.
*“160 METER BAND™ | TYPES A-), A-4 =
3500 KC. 3900 4000 KC.
I
#80 METER BAND"| TYPE A-1 [Teres A-1, A=)
OPERATOR'’S LICENSE
7000 KC. 7300 KC. ___RADIOTELEPHONY RESTRICTION
“40 METER BAND* TYPE A-1 E-tass a.8.0rC PR & Beal
ALL BANDS OPEN FOR TYPE A-1 EMISSION TO
OPERATORS OF CLASSES &, B, OR C.
14000 KC. 14400 KC
#20 METER BAND" | A-3 A
WP
28000KC

60000 KC.

400-40tMC,

Figure 6.
AMATEUR FREQUENCY BANDS.
This chart is correct as of the time this book goes to press. However, various changes
are scheduled for the 1750, 3500, and 7000 kc. bands to provide for government use of
certain frequencies shown above as being open to amateurs. Anyone not familiar with the
latest changes should request information from his District Inspector before going on the
air, as interference to government services is a serious offense.

TYPE A-1 RADIOTELEGRAPHY, D.C. PLATE SUPPLY
TYPE A-2 RADIOTELEGRAPHY, TONE MODULATION
TYPE A-3 RADIOTELEPHONY, AMPLITUDE MODULATION
TYPE A-4 FACSIMILE

TYPE A-S TELEVISION

TYPE A-6 FREQUENCY MODULATION

U.S. AMATEUR BANDS

AND THEIR

HARMONIC RELATIONSHIP
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Because it is comparatively easy to learn to
send rapidly, especially when no particular care
is given to the quality of the sending, many
amateurs who have just received their licenses
get on the air and send mediocre code at 20
words a minute when they can barely receive
good code at 13. While most old timers on
the air remember their own period of initiation
and are only too glad to be patient and con-
siderate if you tell them you are a beginner,
the surest way to incur their scorn is to try to
impress them with your “lightning sending”
and then request “QRS” when they come back
to you at the same speed.

BUZZLR

INEXPENSIVE 300
OHM POTENTIOMETE
VOLUME CONTROL

)
L-———-‘--d

KEY THESE PARTS REQUIRED
ONLY tF HEADPHONE
OPERATION IS DESIRED

Figure 7.

THE SIMPLEST CODE PRACTICE
SET CONSISTS OF A KEY
AND BUZZER.

The buzzer is adjusted to give a steady,
high pitched *whine.” If desired, the
phones may be omitted, in which case the
buzzer should be mounted firmly on a
sounding board. Either crystal or magnetic
earphones may be used. Phones should be
connected in parallel, not series.

Code Practice Sets. If you don’t feel too
foolish doing it, you can secure a measure of
code practice with the help of a partner by
sending “did-dah” messages to each other while
riding to work, eating lunch, etc. It is better,
however, to use a buzzer or code practice oscil-
lator in conjunction with a regular telegraph
key.

As a good key may be considered an invest-
ment, it is wise to make a well-made key your
first purchase. Regardless of what type code
practice set you use, you will need a key, and
later on you will need one to key your trans-
mitter. If you get a good key to begin with,
you won’t have to buy another one later.

The key should be rugged and have fairly
heavy contacts. Not only will the key stand
up better. but such a key will contribute to the
“heavy” type of sending so desirable for radio
work. Morse (telegraph) operators use a
“light” style of sending and can send somewhat
faster when using this light touch. But, in
radio work static and interference are often
present, and a slightly heavier dot is desirable.

If you use a husky key, you will find yourself
automatically sending in this manner. .

Special types of keys, especially the semi-
automatic “bug” type, should be left alone by
the beginner. Mastery of the standard type
key should come first. The correct manner of
using such a key will be discussed later.

To generate a tone simulating a code signal
as heard on a receiver, either a mechanical
buzzer or an audio oscillator (howler) may be
used. The buzzer may be mounted on a sound-
ing board in order to increase the fullness and
volume of the tone; or it may be mounted in
a cardboard box stuffed with cotton in order to
silence it, and the signal fed into a pair of ear-
phones. The latter method makes it possible to
practice without annoying other people as
much, though the clicking of the key will no
doubt still bother someone in the same room.

A buzzer-type code practice circuit is shown
in Figure 7. The buzzer should be of good
quality or it will change tone during keying;
also the contacts on a cheap buzzer will soon
wear out. The volume control, however (used
only for headphone operation), may be of the
least expensive type available, as it will not be
subjected to constant adjustment as in a radio
receiver. For maximum buzzer and battery
life, use the least amount of voltage that will
provide stable operation of the buzzer and
sufficient volume. Some buzzers operate stably
on 14 volts, while others require more.

A vacuum tube audio oscillator makes the
best code practice oscillator. as there is no
sound except that generated in the earphones,
and the note more closely resembles that of a
radio signal. Such a code practice oscillator is
diagrammed schematically in Figure 8. The
parts are all screwed to a wood board, and
connections made to the phones and batteries
bv means of Fahnestock clips, as illustrated in
Figure 9. A single dry cell supplies filament
power, and a 43-volt C battery supplies plate
voltage. Both filament and plate current are
very low. and long battery life can be ex-
pected. The vacuum tube is the biggest item
from the standpoint of cost, but it can later
be used in a field-strength meter with the same
batteries supplying power. Such a device is
very handy to have around a station, as it can
be used for neutralizing, checking the radiation
characteristics of your antenna, etc.

A 1Hg4, 30, or 1G4G may be used with the
same results. The first two are 2-volt tubes,
but will work satisfactorily on a 1.5-volt fila-
ment battery because of the very small amount
of emission required for the low value of plate
current drawn. Be sure to get a socket that
will accommodate the particular tube you buy.

Oddly, it is important that the audio trans-
former used not be of good quality; if it is, it
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may have so much inductance that it will be
impossible to get a sufficiently high pitched
note. If you buy a new transformer, get the
smallest, cheapest one you can buy. The old
transformers used in moderately priced sets of
12 years ago are fine for the purpose, and can
oftentimes be picked up for a small fraction of
a dollar at the “junk parts” stores. The turns
ratio is not important; it may be anything be-
tween 1.5/1 and 6/1.

AUDIO

TRANSFORMER 1H4G 30

PRI.

" AFILAMENT
SWITCH

+ &7& ﬂ ]
. 4.5 V. KEY PHONES

Figure 8.
SIMPLEST TYPE V.T. CODE PRACTICE
OSCILLATOR.
Power is furnished by a dry cell and a 4'>
volt “C” battery. If the .006-pfd. condenser
is omitted, a higher pitched note will result.
The note may have too low a pitch even with
the condenser omitted, unless the smallest,
cheapest audio transformer available is used.
The earphones should be of the magnetic
type, as plate current must flow through the
earphones.

REVERSE THESE TWO
LEADS IF THERE 1S
NO OSCILLATION

Correct transformer polarity is necessary for
oscillation. If oscillation is not obtained, re-
verse the two wires going to the primary
terminals of the transformer.

Figure 9.

THE CIRCUIT OF FIG-
URE 8 IS USED IN THIS
BATTERY OPERATED
CODE OSCILLATOR.
A tube and audio trans-
former essentially comprise
the oscillator. Fahnestock
clips screwed to the base-
board are used to make con-
nections to batteries, key,
and phones.

The tone may be varied by substituting a
larger (025 ufd.) or smaller (.oo1 ufd.) con-
denser for the .006 ufd. capacitor shown in the
diagram. A lower capacity condenser will raise
the pitch of the note somewhat and vice versa.
The highest pitch that can be obtained with a
given transformer will result when the con-
denser is left out of the circuit altogether.
Lowering the plate voltage to 3 volts will also
have a noticeable effect upon the pitch of the
note. If the particular transformer you use
does not provide a note of a pitch that suits
you, the pitch can be altered in this manner.

Using a 1H4G, a standard no. 6 dry cell for
filament power, and a 43-volt C battery for
plate power, the oscillator may be constructed
for about $2.00, exclusive of key and ear-
phones. The filament battery life will be about
700 hours, the plate battery life considerably
more. This set has an advantage over an a.c.
operated practice set in that it can be used
where there is no r11o-volt power available;
you can take it on a Sunday picnic if you wish.
Also, there is no danger of electrical shock.

The carrier-operated keying monitor de-
scribed in Chapter 22 also may be used for
code practice, and is recommended where loud
speaker operation is desired, such as for group
practice.

Automatic Code Machines. The two prac-
tice sets just described—the buzzer and the v.t.
oscillator—are of most value when you have
someone with whom to practice. If you are
unable to enlist a code partner and have
to practice by yourself, the best way to get
receiving practice is by use of a set of phono-
graph code practice records or a tape machine
(automatic code-sending machine) with several
practice tapes.
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The records are of use only if you have a
phonograph whose turntable speed is readily
adjustable. The tape machine can be rented
by the month for a reasonable fee. Once you
can copy close to 10 w.p.m., you can get re-
ceiving practice by listening to slow-sending
amateurs on your receiver. However, until you
can copy around 10 w.p.m., your receiver isn’t
of much use, and either another operator or a
tape machine or code records are necessary for
getting receiving practice after you have once
memorized the code.

The student must observe the rule always to
write down each letter as soon as it is re-
ceived, never dots and dashes to be translated
later. If the alphabet has actually been mas-
tered beforehand, there will be no hesitation
from failure to recognize most of the charac-
ters unless the transmission speed is too high.

Don't practice too long at one stretch; it
does more harm than good. Twenty-five or
thirty minutes should be the limit.

Time must not be spent trying futilely to
recall a missed letter. Dismiss it and center
the attention on the next letter. In order to
prevent guessing and to give you equal prac-
tice on seldom-used letters such as X, Y, etc,,
the transmitted material should not be plain
language, cxcept perhaps for a few minutes
out of each practice period.

During the first practice period, the speed
should be such that a substantially solid copy
can be made of the entire transmission with-
out strain. Then, in the next period, the speed
should be increased slightly to a point where
all of the characters can be caught only
through conscious effort. When the student
becomes proficient at this new speed, another

slight increase may be made, progressing in
this manner until a speed of about 16 words
per minute is attained. The margin of 3 w.p.m.
1s recommended to overcome the possible ex-
citement factor at examination time. Then,
when you take the test you don’t have to worry
about “jitters” or an “off day.”

The speed must not be increased to a new
level until the student finally makes solid copy
for a 5-minute period at the old level. How
frequently increases of speed can be made de-
pends upon individual ability and the number
of practice hours. Each increase is apt to
prove decidedly disconcerting, but keep in
mind the statement by Dr. G. T. Buswell,
“You are never learning when you’re com-
fortable.”

Using a Key. See Figure 11 for the proper
position of the hand, fingers, and wrist when
manipulating the telegraph key. The forearm
rests naturally on the desk. The knob of the
key is grasped lightly with the thumb along
the edge and the index and third fingers rest-
ing on the top towards the front edge. The
hand moves with a free up and down motion.
the wrist acting as a fulcrum. The power
comes entirely from the arm muscles. The
third and index fingers will bend slightly dur-
ing sending, but not because of conscious effort
to manipulate the finger muscles. Keep your
finger muscles just tight enough to act as a
“cushion” for the arm motion and let the
slight movement of the fingers take care of
itself.

The key spring is adjusted to the individual
wrist and should be neither stiff nor “sloppy.”
Use a moderately stiff tension at first, and
gradually lighten it as you get more proficient.

Figure 10.
De luxe high power amateur
stations such as that of
WG6RBQ are not so numer-
ous as are less pretentious in-
stallations, but nevertheless
there are several hundred
throughout the U.S.A.
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The separation between the contacts must be
the proper amount for the desired speed, being
about 1/16 inch for slow speeds and corre-
spondingly closer together (about 1/32 inch)
for faster speeds. Avoid extremes in either
direction. It is preferable that the key be
placed far enough from the edge of the table
(about 18 inches) that the elbow can rest on
the table.

The characters must be properly spaced and
timed, with the dot as the yardstick. A stand-
ard dash is three times as long as a dot. The
spacing between parts of the same letter is
equal to one dot; between letters, three dots;
between words, five dots.

This does not apply when sending slower
than about 10 words per minute for the bene-
fit of someone learning the code and desiring
receiving practice. When sending at, say, §
w.p.m., the individual letters should be made
the same as though the sending rate were about
10 w.p.m. except that the spacing between
letters and words is greatly exaggerated. The
reason for this is obvious. The letter L, for
instance, will sound exactly the same at 10
w.p.m. as at 5 w.p.m., and when the speed is
increased above § w.p.m., the student will not
have to become familiar with a new sound
(faster combination of dots and dashes). He
will merely have to learn the identifying of the
same sounds without taking so long to do so.

It has been shown that it does not aid a
student to identify a letter by sending the in-
dividual components of the letter at a speed
corresponding to less than 10 words per min-
ute. By sending the letter moderately fast, a
longer space can be left between letters for a
given code speed, giving the student more time
to identify the letter.

When two co-learners have memorized the
code and are ready to start sending to each
other for practice, it is a good idea to enlist the
aid of an experienced operator for the first
practice session, so that you will get an idea
of what properly formed letters sound like.

When you are practicing with another be-
ginner, don’t gloat because you seem to be
learning to receive faster than he. It may
mean that his sending is better than yours.
Remember that the quality of sending affects
the maximum copying speed of a beginner by
as much as 100 per cent. Yes, if the sending
1s bad enough, a newcomer won’t be able to
read it at all. even though an old timer may be
able to get the general drift of what you are
trying to send. A good test for any “fist” is to
try it on someone who is just getting to the
“13 per” stage.

If You Have Trouble. Should you experi-
ence difficulty increasing your code speed after
you once have memorized the characters. there

is no reason for becoming discouraged. There
is no denying that it is more difficult for some
people than for others to learn the code, but
there is no justification for the contention
sometimes made that “some people just can’t
learn the code.” 1t is not a matter of intelli-
gence; so don't feel ashamed if you seem to
experience a little more than the usual diffi-
culty in learning the code. Your reaction time
may be a little slower, your codrdination not
quite so good. If this is the case, remember
that you can still learn the code. You may
never learn to send and receive at 40 w.p.m.,
but you can learn to send and receive 13
w.p.m. if you have patience and if you refuse
to be discouraged by the fact that others seem
to pick it up much more rapidly.

Figure 11.

PROPER POSITION OF FINGERS
FOR OPERATING A TELEGRAPH
KEY.

The fingers hold the knob and act as a
cushion. The hand rests lightly on the
key. The muscles of the forearm provide
the power, the wrist acting as a fulcrum.
The power should not come from the
wrist, but rather from the forearm
muscles.

While the slow learner can ultimately get
his 13 per by following the same learning
method if he has perseverance, the following
system of auxiliary practice will oftentimes
prove of great aid in increasing one’s speed
when progress by the usual method of practice
seems to have reached a temporary standstill.
All that is required is the usual key-buzzer-
headset outfit. plus an extra operator. This last
item should be of good quality, guaranteed to
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pay proper attention to spacing, and capable
of good speed regulation.

Suppose we call the fellow at the key the
teacher and the other fellow the student.

Assume the usual positions, but for the mo-
ment lay aside the paper and pencil. Instead,
the student will read from a duplicate news-
paper the same text the opeartor is sending.

The teacher is to start sending at a rate just
slower than the student’s top speed, judged by
his last test. This will allow the student to
follow accurately each letter as it is trans-
mitted. After a warming-up period of about
one minute, the sending speed is to be in-
creased gradually but steadily, and continued
for about a period of five minutes. An equal
rest period is beneficial before the second ses-
sion. Speed for the second period should be
started at half way between the original start-
ing speed and the speed used at the end of the
first period. Follow the same procedure for
the second and third practice periods.

At the end of the third reading practice
period, the student should start copying im-
mediately, using the same (ext as before, at a
speed just above the student’s previous copy-

ing ability. It will be found that one session
of the reading practice will, for the time being,
increase the student’s copying ability from 10
to 20 per cent. The teacher should watch the
student and not increase the sending speed too
much above the copying ability of the stu-
dent, as this brings about a condition of con-
fusion and is more injurious than beneficial.

Code Classes. A number of altruistic ama-
teurs send code practice on schedule once or
twice each week, and excellent practice can be
obtained after you have bought or constructed
your receiver by taking advantage of these
sessions. Call letters, time schedules, and fre-
quency in kilocycles of the stations currently
sending code practice can be obtained by
writing the American Radio Relay League,
West Hartford, Conn. Enclose a stamped,
self-addressed envelope.

If you live in a large city, the chances are
that at least one of the radio clubs or amateur
parts stores conducts a free code class. If you
inquire around a bit, you usually can dis-
cover how to get in on these practice sessions,
which also usually provide many interesting
social contacts.
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CHAPTER TWO

Fundamental Radio and
Electrical Theory

Constitution of Matter. All matter is
made up of approximately g2 fundamental con-
stituents commonly called elements. These ele-
ments can exist either in the free state such as
iron, oxygen, carbon, copper, tungsten, and
aluminum, or in chemical unions commonly
called compounds. The smallest unit which
still retains all the original characteristics of
an element is the atom.

Combinations of atoms, or subdivisions of
compounds, result in another fundamental
unit, the molecule. The molecule is the small-
est unit of any compound. All reactive ele-
ments when in the gaseous state also exist in
the molecular form, made up of two or more
atoms. The nonreactive or noble gaseous ele-
ments helium, neon, argon, krypton, xenon,
and radon are the only gaseous elements that
ever exist in a truly atomic state.

The Atom. An atom is an extremely small
unit of matter—there are literally billions of
them making up so small a piece of material
as a speck of dust. But to understand the basic
theory of electricity and hence of radio, we
must go further and divide the atom into its
main components, a positively charged nucleus
and a cloud of negatively charged particles
that surround the nucleus. These particles,
swirling around the nucleus in elliptical orbits
at an incredible rate of speed, are called orbi-
tal electrons. Tt is upon the behavior of these
electrons that depends the study of electricity
and radio. as well as allied sciences. Actually
it is possible to subdivide the nucleus of the
atom into other particles: the proton, nuclear
electron, negatron, positron. and neutron; but
this further subdivision can be left to quan-
tum mechanics and atomic physics. As far as
radio theory is concerned it is only necessary
for the reader to think of the normal atom as
being composed of a nucleus having a net posi-
tive charge that is exactly neutralized by the

19

one or more orbital electrons surrounding it.

The atoms of difierent elements differ in
respect to the charge on the positive nucleus
and in the number of electrons revolving
around this charge. They range all the way
from hydrogen, having a net charge of one
on the nucleus and one orbital electron, to
uranium with a net charge of g2, and g2 orbi-
tal electrons. The number of orbital electrons
is called the atomic number of the element.

From the above it must not be thought that
the electrons revolve in a haphazard manner
around the nucleus. Rather, the electrons in
an element having a large atomic number are
grouped into “shells” having a definite number
of electrons. In the first shell there is room
for only 2 electrons; in the next, 2; the next,
6; then 2, 6, 10, 2, 6, 10, etc., until a total of
92 electrons can be accommodated in the heav-
iest atom, that of uranium. The onlv atoms
in which these shells are completely filled are
those of the inert or noble gases mentioned
before; all other clements have one or more
uncompleted shells of electrons. If the un-
completed shell is nearly empty, the element
is metallic in character, being most metallic
when there is onlv one electron in the outer
shell. If the incomplete shell lacks only one or
two electrons, the element is usually non-
metallic. Elements with a shell about half
completed will exhibit both non-metallic and
metallic character; carbon, silicon, and arsenic
are examples of this type of element.

In metallic elements these outer-shell elec-
trons are rather loosely held. Consequently,
there is a continuous helter-skelter movement
of these electrons and a continual shifting from
one atom to another. The electrons which
move about in a substance are called free
electrons, and it is the ability of these elec-
trons to drift from atom to atom which makes
possible the electric current.
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Electromotive Force: Potential Differ-
ence. The free electrons in a conductor move
constantly about and change their position in
a haphazard manner. To produce a drift of
electrons along a wire, or electric current, it is
necessary that there be a difference in pressure
or potential between the two ends of the wire.
This potential difference can be produced by
connecting a battery to the ends of the wire.

As will be explained later, there is an excess
of electrons at the negative terminal of a
battery and a deficiency of electrons at the
positive terminal, due to chemical action. When
the battery is connected to the wire the de-
ficient atoms at the positive terminal attract
free electrons from the wire in order to be-
come neutral. The attracting of electrons con-
tinues through the wire, and finally the excess
electrons at the negative terminal of the bat-
tery are attracted by the positively charged
atoms at the end of the wire. The same result
would be obtained if the wire were connected
between the terminals of a generator.

Thus it is seen that a potential difference is
the result of a difference in the number of
electrons between the two (or more) points in
question. The force or pressure due to a po-
tential difference is termed the electromotive
force, usually abbreviated e.m.f. or E.M.F.
It is expressed in units called volts.

The Electric Current. The drift of elec-
trons along a conductor due to the application
of an electromotive force constitutes an elec-
tric current. This drift is in addition to the
irregular movement of the electrons. How-
ever, it must not be thought that each free
electron travels from one end of the circuit to
the other. On the contrary. each free electron
travels only a short distance before colliding
with an atom; this collision generally knocking
off one or more electrons from the atom. which
in turn move a short distance and collide with
other atoms, knocking off other electrons.
Thus, in the general drift of electrons along a
wire carrying an electric current. each electron
travels only a short distance and the excess of
electrons at one end and the deficiency at the
other are balanced by the source of the e.m.f.
When this source is removed the state of nor-
malcy returns; there is still the rapid inter-
change of free electrons between atoms. but
there is no general trend in either one direc-
tion or the other.

There are two units of measurement asso-
ciated with current. and they are often con-
fused. The rate of flow of electricity is stated
in amperes. The unit of quantity is the cou-
lomb. A coulomb is equal to 6.28 x 10! elec-
trons, and when this quantity of electrons
flows by a given point in every second, a cur-
rent of one ampere is said to be flowing. An

ampere is equal to one coulomb per second.
a coulomb is, conversely, equal to one ampere-
second. Thus we see that coulombd indicates
amount, and ampere indicates rate of flow.

Many textbooks speak of current flow in the
conventional sense; that is, from the positive
terminal of the e.m.f. source through the con-
ductor to the negative terminal. Nevertheless.
it has long been an established fact that the
current flow in a metallic conductor is the
electronic flow from the negative terminal of
the source of voltage through the conductor to
the positive terminal. This is easily seen from
a study of the foregoing explanation of the
subject. The only exceptions to the electronic
direction of flow occur in gaseous and electro-
lytic conductors where the flow of positive
ions toward the cathode or negative electrode
constitutes a positive flow in the opposite di-
rection to the electronic flow.

Resistance. The flow of current in a ma-
terial depends upon the ease with which elec-
trons can be detached from the atoms of the
material and upon its molecular structure. In
other words, the easier it is to detach electrons
from the atoms the more free electrons there
will be to contribute to the flow of current,
and the fewer collisions that occur between
free electrons and atoms the greater will be
the total electron flow.

This opposition to a steady electron flow is
called the resistance of a material. and is one
of its physical properties. The resistance of a
uniform length of a given substance is di-
rectly proportional to its length and specific
resistance, and inversely proportional to its
cross-sectional area. A wire with a certain
resistance for a given length will have twice
as much resistance if the length of the wire is
doubled. For a given length, doubling the
cross-sectional area of the wire will halve the
resistance.

The resistance also depends upon tempera-
ture, increasing with increases in temperature
for most substances (including most metals).
due to increased electron acceleration and
hence a greater number of impacts between
electrons and atoms. However, in the case of
some substances such as carbon and glass the
temperature coefficient is negative, which
means that the resistance decreases as the
temperature increases. This is also true of
electrolytes. The temperature may be raised
by the external application of heat. or by the
flow of the current itself. In the latter case.
this is due to the fact that heat is generated
when the electrons and atoms collide. (See
Heating Effect.)

The unit of resistance is the okm. Every
substance has a specific resistance, usually ex-
pressed as okms per mil-foot, which is deter-

www.americanradiohistorv.com


www.americanradiohistory.com

Handbook

Fundamental Electrical Units 21

mined by the molecular structure and tempera-
ture of the material. A mil-foot is a piece of
material one circular mil in area and one foot
long.

Conductors and Insulators. In the mo-
lecular structure of many materials such as
glass, porcelain, and mica all electrons are
tightly held within their orbits and there are
comparatively few free electrons. This type of
substance will conduct an electric current only
with great difficulty and is known as an -
sulator. An insulator is said to have a high
electrical resistance.

On the other hand, materials that have a
large number of free electrons are known as
conductors. Most metals, those elements which
have only one or two electrons in their outer
shell, are good conductors. Silver, copper, and
aluminum, in that order, are the best of the
common conductors and are said to have the
greatest conductivity, or lowest resistance to
the flow of an electric current.

Fundamental Electrical Units. These
units are the volt, the ampere, and the ohm.
They were mentioned in the preceding para-
graph, but were not completely defined.

The fundamental unit of current, or rate of
flow of electricity is the ampere. A current of
one ampere will deposit silver from a specified
solution of silver nitrate at a rate of 1.118
milligrams per second.

The international standard for the ohm is
the resistance offered by a column of mercury
at 0° C, 14.4521 grams in mass, of constant
cross-sectional area and 106.300 centimeters
in length. The expression megohm (1.000.000
ohms) is also sometimes used when speaking
of very large values of resistance.

A volt is the voltage that will produce a
current of one ampere through a resistance of
one ohm. The standard of electromotive force
is the Weston cell which at 20° C. has a po-
tential of 1.0183 volts across its terminals.
This cell is used only for reference purposes.
since only an infinitesimal amount of current
may be drawn from it without disturbing its
characteristics.

Ohm’s Law. The relationship between the
electromotive force (voltage), the flow of cur-
rent (amperes), and the resistance which im-

pedes the flow of current (ohms), is very
clearly expressed in a simple but highly valu-
able law known as Ohm’s law. This law states
that the current in amperes is equal to the
voltage in volts divided by the resistance in
ohms. Expressed as an equation:

E

I=—o
R

If the voltage (E) and resistance (R) are
known, the current (I) can be readily found.
If the voltage and current are known, and the
resistance is unknown, the resistance (R) is

E
equal to —. When the voltage is the unknown
I

quantity, it can be found by multiplying
I X R. These three equations are all secured
from the original by simple transposition. The
expressions are here repeated for quick refer-
ence:

R I

where I is the current in amperes,
‘R is the resistance in ohms,
E is the electromotive force in volts.

Applications of Ohm’s Law. All electri-
cal circuits fall into one of three classes: series
circuits, parallel circuits. and series-parallel
circuits. A series circuit is one in which the
current flows in a single continuous path and
is of the same value at every point in the
circuit. In a parallel circuit there are two or
more current paths between two points in the
circuit, as shown in Figure 2. Here the current
divides at A, part going through R, and part
through R., and combines at B to return to
the battery. Figure 4 shows a series-parallel
circuit. There are two paths between points
A and B as in the parallel circuit, and in addi-
tion there are two resistances in series in each
branch of the parallel combination. Two other
examples of series-parallel arrangements ap-
pear in Figure 5. The way in which the cur-
rent splits to low through the parallel branches
is shown by the arrows.

BATTERY e
=t - |
I { 1} ]
[ CONDUCTORS —+] l t
Ry Ra
ww—— Laww—aww
RESISTANCE _— ’é

Figure 1.
SIMPLE SERIES CIRCUITS.

7N\
Figure 2. J
SIMPLE PARALLEL R Ra T2
CIRCUITS. N\
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Figure 3.
RESISTORS IN PARALLEL.
In every circuit, each of the parts has some E
resistance; the batteries or generator, the con- I=—
necting conductors, and the apparatus itself. R

Thus, if each part has some resistance, no
matter how little, and a current is flowing
through it, there will be a voltage drop across
it. In other words. there will be a potential
difference between the two ends of the circuit
element in question. This drop in voltage is
equal to the product of the current and the
resistance, hence it is called the /R drop.

The source of voltage has an internal re-
sistance, and when connected into a circuit so
that current flows, there will be an IR drop in
the source just as in every other part of the
circuit. Thus, if the terminal voltage of the
source could be measured in a way that would
cause no current to flow, it would be found to
be less than the voltage measured when a cur-
rent flows by the amount of the TR drop in
the source. The voltage measured with no
current flowing is termed the no load volt-
age; that measured with current flowing is the
load voltage. It is apparent that a voltage
source having a low internal resistance is most
desirable, in order that the internal IR drop
will be as small as possible, thereby making
the terminal voltage more nearly equal to the
no load voltage.

Resistances in Series. The current flow-
ing in a series circuit is equal to the voltage
lmpressed divided by the total resistance in
the circuit. Suppose that the resistance in Flg-
ure 1A has a value of 10 ohms and the in-
ternal resistance of the battery is 0.5 ohm.
The voltage applied between points A and B
is 10 volts. Find the current flowing in the
circuit. Since the same current flows through
every part of the circuit, it is merely necessary
to add all the individual resistances to obtain
the total resistance. Expressed as a formula:

Ruwwi=Ri+ R+ Rs+ ...+ Ry

Of course, if the resistances happened to be
all of the same value, the total resistance
would be the resistance of one multiplied by
the number in the circuit. In the problem, the
total resistance would be 10 ohms plus o.5
ohm, or 10.5 chms. From Ohm’s law:

E = 10 volts,
R = 10.5 ohms,

10
and I =

or 0.95 ampere.
10.5

Knowing the current and the internal re-
sistance of the battery, it is a simple matter
to find the IR drop in the battery and the no-
load voltage.

E=IXRorlIR

I = 0.95 ampere

R = 0.50 ohm

E = 0.95 X 0.50 = 0.475 volt

The IR drop in the battery is therefore 0.475
volt. The no-load voltage of the battery would
be 10 volts plus 0.475 volt, or 10.475 volts.

As another example, suppose that the volt-
age at the plate of a vacuum tube is 50 volts,
the plate current is § milliamperes, and the
plate resistor is 50,000 ohms. What voltage
would the power supply have to deliver under
these conditions? A milliampere (abbreviated
ma.) is a thousandth of an ampere, so to con-
vert milliamperes to amperes the decimal point
is moved three places to the left. Hence s
ma. = 0.005 ampere. The voltage drop in the
plate resistor is found as follows:

®
Figure 5.
TWO OTHER SERIES-PARALLEL
CIRCUITS.

www americanradiohistorv com


www.americanradiohistory.com

Handbook

Resistance 23

E=1R

I = 0.005 amp.

R = 50,000 ohms

E = 0.005 X 50,000 = 2350 volts drop

across the resistor
Therefore, if 50 volts are needed at the plate
of the tube, the supply voltage must be 50
plus 250, or 300 volts.

Resistances in Parallel. Consider two re-
sistors, one of 100 ohms and one of 1o ohms,
connected in parallel as in Figure 2, with a
voltage of 10 volts applied across the combina-
tion. The same voltage is across each resistor,
so the current through each can be easily cal-
culated.

E
I =—
R
E = 10 volts
R = 100 ohms
10
I = —— = 0.1 ampere
100

E = 10 volts
R = 10 ohms
10
I =—— = 1.0 ampere
10
Until it divides at A, the entire current of
1.1 amperes is flowing through the conductor
from the battery, and again from B through
the conductor to the battery. Since this is
more current than flows through the smaller
resistor it is evident that the resistance of the
parallel combination must be less than 10
ohms, the resistance of the smaller resistor.
We can find this value by applying Ohm’s law.
E

R=—
I

E = 10 volts

I = 1.1 amperes
10

R = —— = 9.09 ohms
1.1

The resistance of the parallel combination is
.09 ohms.

Mathematically, we can derive a simple for-
mula for finding the effective resistance of two
resistors connected in parallel. This formula is:

Ri X R;

R: + Rz’

where R is the unknown resistance,
Ry is the resistance of the first resistor,
R, is the resistance of the second resis-
tor.

If the effective value required is known, and
it is desired to connect one unknown resistor
in parallel with one of known value, to obtain
this unknown value the following transposition
of the above formula will simplify the prob-
lem:

Ri X R
Ry = —,
R — R,

where R is the effective value requircd,
Ry is the known resistor,
Ry is the value of the unknown resis-
tance necessary to give R when in
parallel with R,.

The resultant value of placing a number of
unlike resistors in parallel is equal to the re-
ciprocal of the sum of the reciprocals of the
various resistors. This can be expressed as:

I

R =
1 1 1 1
—— =+ ... —

R; R, R; R,

The effective value of placing any number
of unlike resistors in parallel can be deter-
mined from the above formula. However, it is
commonly used only when there are three or
more resistors under consideration, since the
simplified formula given in the following para-
graph is more convenient when only two re-
sistors are being used.

When two or more resistances of the same
value are placed in parallel. the effective re-
sistance of the paralleled resistors is equal to
the value of one of the resistors divided by
the number of resistors in parallel.

R1 Ry

2R2 R S

Figure 6.
RESISTORS IN SERIES PARALLEL.

Figure 7. 1L
Indicating flow of cur- ’\
rent through a tapped
voltage divider to an
external load.
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The effective value of resistance of two or
more resistors connected in parallel is always
less than the value of the lowest resistance in
the combination. It is well to bear this simple
rule in mind, as it will assist greatly in ap-
proximating the value of paralleled resistors.

Shunts. When a voltage is applied to a cir-
cuit consisting of two or more resistances in
parallel the resulting current divides itself
among the paths in inverse proportion to the
resistance of each path. With respect to one
of the elements those connected in parallel
with it are said to shunt it.

An example of a shunt which is of particular
interest is the use of a resistance to shunt an
ammeter or milliammeter (a device for measur-
ing current) so that part of the current in the
circuit will be bypassed around the meter. By
this means the range of a meter may be greatly
extended. Multiplying the range by powers of
10 makes it possible to use the original calibra-
tion scale without having to perform mental
calculations in taking readings.

To calculate the amount of resistance re-
quired in a given case, the basic form of Ohm’s
law can be used. However, the following
formula (derived from Ohm’s law) simplifies
the calculations:

Ru X L
R=—,
1-1I.

R = resistance of shunt in ohms,

R.. = resistance of meter in ohms,

1., = full scale current for meter.

I = full scale current for new calibra-
tion.

Resistances in Series-Parallel. To find the
total resistance of several resistors connected
in series-parallel, it is usually easiest to apply
either the formula for series resistors or the
parallel resistor formula first, in order to re-
duce the original arrangement to a simpler
one. For instance, in Figure 4 the series re-
sistors should be added in each branch, then
there will be but two resistors in parallel to be
calculated. Similarly in Figure 6. although
here there will be three paralleled resistors
after adding the series resistors in each branch.
In Figure 5 the paralleled resistors should be
reduced to the equivalent series value. and
then the series resistance values can be added.

Resistances in series-parallel can be solved
by combining the series and parallel formulas
into one similar to the following (refer to
Figure 6):

where

I

R =
1 I 1

+ + -
Ri+R: Ri+Ri Ri+Re+ Ry

However, this method is usually more compli-
cated than that mentioned above.

Bleeder Resistors. Resistors are often
connected across the output terminals of power
supplies in order to bleed off a constant value
of current or to serve as a constant fixed load.
The regulation of the power supply is thereby
improved, and the voltage is maintained at a
more or less constant value, regardless of load
conditions. When the load is entirely removed
from a power supply, the voltage may rise to
such a high value as to ruin the filter con-
densers.

The amount of current which can be drawn
from a power supply depends upon the cur-
rent rating of the particular power transformer
in use. If a transformer will carry a maximum
safe current of 1oo milliamperes, and if 75
milliamperes of this current is required for
operation of a radio receiver, there remains 23
milliamperes of current available which can be
wasted in the bleeder resistor.

An example for calculating bleeder resistor
values is as follows: The power supply delivers
300 volts. The power transformer can safely
supply 75 milliamperes of current, of which 6o
milliamperes will be required for the receiver.
The problem is to find the correct value of
resistance to give a bleeder current of 15
milliamperes. Ohm’s law gives the solution:

E 300
R = — = —— = 20,000 ohms.
I o153

(15 milliamperes is equivalent to .o15 am-
pere.) Therefore, it is seen that the bleeder
resistor should have a resistance of 20.000
ohms,

Voltage Dividers. A voltage divider is
exactly what its name implies: a resistor or
a series of resistors connected across a source
of voltage from which various lesser values of
voltage may be obtained by connection to
various points along the resistor.

A voltage divider serves a most useful pur-
pose in a radio receiver, transmitter or ampli-
fier, because it offers a simple means of ob-
taining plate, screen, and bias voltages of
different values from a common power supply
source. It may also be used to obtain very
low voltages of the order of .01 to .0o1 volt
with a high degree of accuracy, even though
a means of measuring such voltages is lacking.
The procedure for making these measurements
can best be given in the following example:

Assume that an accurately calibrated volt-
meter reading from o to 150 volts is available.
and that the source of voltage is exactly 100
volts. This 100 volts is then impressed
through a resistance of exactly 1.000 ohms.
It will, then, be found that the voltage along
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various points on the resistor, with respect to
the grounded end, will be exactly proportional
to the resistance at that point. From Ohm’s
law, the current would be o.1 ampere; this
current remains unchanged since the original
value of resistance (1,000 ohms) and the volt-
age source (100 volts) are unchanged. Thus,
at a 500-ohm point on the resistor (half its en-
tire resistance), the voltage will likewise be
halved or reduced to 50 volts.

The equation (E = I X R) gives the proof:
E = 500 X 0.1 = s50. At the point of 250
ohms on the resistor, the voltage will be one-
fourth the total value, or 25 volts (E = 25¢
X 0.1 = 25). Continuing with this process,
a point can be found where the resistance
measures exactly 1 ohm and where the voltage
equals o.1 volt. It is, therefore, obvious that
if the original source of voltage and resistance
can be measured, it is a simple matter to pre-
determine the voltage at any point along the
resistor, provided that the current remains
constant. and provided that no current is taken
from the tap-on point unless this current is
taken into consideration.

Design of Voltage Dividers. Proper design
of a voltage divider for any type of radio
equipment is a relatively simple matter. The
first consideration is the amount of bleeder
current to be drawn, which is dictated largely
by the examples previously given. In addition,
it is also necessary that the desired voltage and
the exact current at each tap on the voltage
divider be known.

Figure 7 illustrates the flow of current in a
simple voltage divider and load circuit. The
light arrows indicate the flow of bleeder cur-
rent, while the heavy arrows indicate the flow
of the load current. The design of a combined
bleeder resistor and voltage divider, such as is
commonly used in radio equipment, is illus-
trated in the following example.

A power supply delivers 300 volts and is
conservatively rated to supply all needed cur-
rent for the receiver and still allow a bleeder
current of 10 milliamperes. The following
voltages are wanted: 75 volts at 2 milliamperes
for the detector tube, 100 volts at 5 milli-
amperes for the screens of the tubes, and 250

+

e 3
104+ 2+ 5+ 20 MA, a
30 VOLTS DROP = R

1 — —_— ——
104245 MA. { ER |
150 VOLTS DROP sh3 |
300 V. r ] ngiSMA‘ T
1042 MA { Rz | M
25 VOLTS DROP
r |75V 2 MA. 1
BLEEOER CURRENT | e
73 voits oRop { | T ’
e — J
= |
-~ POWER SUPPLY e LoAD
Figure 8.
Combined bleeder resistor and voltage
divider.

volts at 20 milliamperes for the plates of the
tubes. The required voltage drop across R, is
75 volts, across Ry 23 volts, across Rs 150
volts, and across Ry it is 50 volts. These
values are shown in the diagram of Figure 8.
The respective current values are also indi-
cated. Applying Ohm’s law:

E 75

R; = — = —— = 7,500 ohms.
1 ,01
E 25

Ry = —= = 2,083 ohms.
I .o12
E 150

Ry=—= = 8.823 ohms.
1 .017
E 50

Ry =-~—=—— =1,351 ohms.
I .o37

R Total =7,500 + 2,083 + 8,823 +
1.351 = 19,757 ohms.

A 20,000-ohm resistor with three sliding taps
will be of the approximately correct size, and
would ordinarily be used because of the diffi-
culty in securing four separate resistors of the
exact odd values indicated, and because no ad-
justment would be possible to compensate for
any slight error in estimating the probable cur-
rents through the various taps.

When the sliders on the resistor once are
set to the proper point, as in the above ex-
ample, the voltages will remain constant at
the values shown as long as the current re-
mains a constant value.

Disadvantages of Voltage Dividers. One
of the serious disadvantages of the voltage
divider becomes evident when the current
drawn from one of the taps changes. It is
obvious that the voltage drops are interde-
pendent and, in turn, the individual drops
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are in proportion to the current which flows
through the respective sections of the divider
resistor. The only remedy lies in providing a
heavy steady bleeder current in order to make
the individual currents so small a part of the
total current that any change in current will
result in only a slight change in voltage. This
can seldom be realized in practice because of
the excessive values of bleeder current which
would be required.

When a power supply is used for C-bias
service, still another factor must be taken into
consideration. Rectified grid current from the
class B or C stages will flow through the di-
vider in the same direction as the bleeder
current. If this grid current changes, the
voltage applied to the grid will also corre-
spondingly change. Adjustments of a C-bias
supply should be made while the amplifier
draws its proper amount of grid current;
otherwise, the C-bias resistor setting will be
greatly in error. Heavy bleeder currents are
thus required for C-bias supplies, especially
where the grid current is changing and the bias
must remain constant, as in certain types of
’phone transmitters.

Since the grid current in a C-bias supply
flows from the tap on the divider to ground,
and in the same direction as the bleeder cur-
rent, it is important to remember that in
this case the regulation is in the opposite di-
rection from the case where power is being
taken from a tap on the divider. In other
words, the greater the grid current that is
flowing through the bleeder, the higher will
be the voltage at this tap on the divider—
and, for that matter, at all other taps in the
same divider.

Filaments or Heaters in Series and Paral-
lel. Vacuum tube filaments or heaters are
rated by the voltage that should be applied and
the current that should flow through them.
Tubes having the same filament or heater volt-
age and current ratings may be connected in
series across a voltage supply having an output
equal to the voltage required for one tube
times the number of tubes in series. If the
source voltage is less or more than the product
of the number of tubes and the voltage re-
quired for one tube, the individual tubes will
receive less or more than their rated voltage.

If the current requirements of the tubes in
series are not all the same, it will be necessary
to connect resistors across those tubes which
take less current, in order that the total cur-
rent through the parallel circuit will equal the
current rating of the other tubes. This will be
made clear by the following example:

A 6F6 and a 6L6 are to be operated from a
heater voltage supply which delivers 12.6 volts.

The tube tables show that a type 6F6 tube
draws 0.7 ampere at 6.3 volts, while the type
6L6 tube draws 0.9 ampere at the same volt-
age. Since each tube requires 6.3 volts, which
is half the voltage of the source, it is clear
that the two tubes should be connected in
series across the source. However, in order to
make the voltage drop across each tube equal
6.3 volts, it will be necessary to connect a
resistor in parallel with the heater of the 6F6
tube. This resistor must pass o.z ampere, the
difference between the heater currents of the
two tubes. The proper resistor value is found
by Ohm’s law:

E 6.3
R = — = —— = 31.5 ohms.
I 0.2

By connecting a 31.5-ohm resistor in shunt
with the 6F6 tube heater, the effective resist-
ance of the combination is equal to the resist-
ance of the 6L6 tube heater, and the voltage
drop across the combination will be the same
as across the 6L6 tube.

GF8 = 9 OHMS 61677 OHMS
9 OHMS TOHMS
31.50MMS

12.8 VOLTS

Figure 9.
Obtaining the proper filament voltage
drop across each of a pair of dissimilar
tubes by means of a resistor across the
heater of the one drawing the least
amount of current.

If these tubes are connected in series with-
out precautionary measures, the total resist-
ance of the two will be 16 ohms (g9 4 7). A
potential of 12.6 volts will pass a current of
0.787 ampere through this value of 16 ohms.
The drop across each separate resistor is found
from Ohm’s law, as follows: 9 X 0.787 =
7.083 volts, and 7 X 0.787 == 5.4 volts. Thus,
it is seen that neither tube will have the cor-
rect voltage drop.

The resistance of a tube heater or filament
should never be measured when cold, because
the resistance will be only a fraction of the re-
sistance present when the tube functions at
proper heater or filament temperature. The re-
sistance can be calculated satisfactorily by
using the current and voltage ratings given by
the manufacturer.
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—2 AMPS,
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S OHMS 5 OHMS
+4 AMPS.
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20vOLTS
Figure 10-A.
ILLUSTRATING KIRCHHOFF’S
FIRST LAW.

The current flowing toward “A” is equal
to the current flowing away from “A’.

Kirchhoff’s Laws. Ohm's law is all that is
necessary to calculate the values in simple cir-
cuits, such as the preceding examples; but in
more complex problems, involving more than
one voltage in the same closed circuit, the use
of Kirchhoff’s laws will greatly simplify the
calculations. These laws are actually merely
rules for applying Ohm’s law.

The first law states that at any point in a
circuit the current flowing toward the point is
equal to the current flowing from it. In other
words, if currents flowing to the point are con-
sidered positive and those flowing from the
point are considered negative, their sum—tak-
ing signs into account—is zero. Such a sum is
known as an algebraic sum.

Figure 10A illustrates this first law. It is
readily seen that 4 amperes flow toward point
A, and 2 amperes flow away through the two
s-ohm resistors in series, while the remaining
2 amperes flow away through the 10-ohm re-
sistor. Thus, there are 4 amperes flowing to
point A and 4 amperes flowing away from the
point. If R is the effective resistance of the
network, R; = 10 ohms, R, = 5 ohms, R; =
5 ohms, and E = 20 volts, we can set up the
following equation:

E E E
—_—_—————— =0
R Ri R:+R;

20 20 20
—_——— - =0
5 io 545

4—2—2=0

Kirchhoff’s second law states that in any
closed path in a network the sum of the IR
drops must equal the sum of the applied
e.m.f.s, or, the algebraic sum of the IR drops
and the applied e.m.f.s in any closed path in a
network is zero. The applied e.m.f.s are con-
sidered positive, while IR drops taken in the
direction of current flow (including the internal
drop of the source) are considered negative.

Figure 10-B. =[ 3 |
To dissipate t he greatest ET
amount of power in the load, Rt 3
R, should be cqual to R,

A simple example illustrating the second law
is given in Figure 10B. If R; = 25 ohms, R2 =
30 ohms, and E = 15 volts, then the current:

E
l=—,
R;+R;
15
orl = = 0.27 ampere.
25 + 30

The resistance drops are:

IR; = 0.27 X 25 = 6.82 volts,
and IR; = 0.27 X 30 = 8.18 volts.

Thus + 15 — 6.82 — 8.18 = o.

Power in Resistive Circuits. In order to
cause electrons to flow through a conductor.
constituting a current flow, it is necessary to
apply an electromotive force (voltage) across
the circuit. Less power is expended in creating
a small current flow than in creating a large
one, so it is necessary to have a unit of power
as a reference.

The unit of electrical power is the wati,
which is the amount of power used when an
em.f. of 1 volt forces a current of 1 ampere
through a circuit. The power in a resistive cir-
cuit is equal to the product of the voltage ap-
plied across, and the current flowing in, a given
circuit. Hence: I (watts) = E (volts) X 1
(amperes).

Since it is often convenient to express power
in terms of the resistance of the circuit and
the current flowing through it, a substitution of
IR for E (E = IR) in the above formula gives:
P =1IR X Ior P = I*R. In terms of voltage
and resistance, P = E2/R. Here, 1 = E/R and
when this is substituted for I the original
formula becomes P = E X E/R or P = E¥/R.
To repeat these three expressions:

P = EI, P= I’R, and P = E%/R,

where P is the power in watts,
E is the electromotive force in volts, and
I is the current in amperes.

To apply the above equations to a typical
problem: The voltage drop across a cathode re-
sistor in a power amplifier stage is 5o volts;
the plate current flowing through the resistor
is 150 milliamperes. The number of watts the
resistor will be required to dissipate is found
from the formula: P = EI, or 50 X .150 =
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7.5 watts (.150 amperes is equal to 150 milli-
amperes). From the foregoing it is seen that a
7.5-watt resistor will safely carry the required
current, yet a 10- or 20-watt resistor would
ordinarily be used to provide a safety factor.

In another problem, the conditions being
similar to those above, but with the resistance
and current being the known factors, the solu-
tion is obtained as follows: P = I’R = .0225
X 333.33 = 7.5. If only the voltage and re-
sistance are known, P = E2/R = 2500/333.33
= 7.5 watts. It is seen that all three equations
give the same result; the selection of the par-
ticular equation depends only upon the known
factors.

Heating Effect. Heat is generated when a
source of voltage causes a current to flow
through a resistor (or, for that matter, through
any conductor). As explained earlier, this is
due to the fact that heat is given off when free
electrons collide with the atoms of the mate-
rial. More heat is generated in high resistance
materials than in those of low resistance, since
the free electrons must strike the atoms harder
to knock off other electrons. The heating of
the conductor increases the velocity of the free
electrons, causing more and harder collisions.
As the heating effect is a function of the cur-
rent flowing and the resistance of the circuit.
the power expended in heat is given by the
second formula: P = I*R.

Load Matching. To develop the maximum
power in the load upon a source of e.m.f,, it is
necessary to make the resistance (or impe-
dance) of the load equal to the internal resis-
tance (or impedance) of the source. This can
best be illustrated by Figure 10B, assuming
R, is the internal resistance of the source and
has a value of 1 ohm, while the source E has a
no-load voltage of 2 volts. If the load resist-
ance Ry, is also 1 ohm, the current is:

E 2
1= =]
R; + R, 1+1

The total power dissipated is:
P =EI =2 X 1 = 2 watts,

= 1 ampere.

which is divided equally between the source
and the load.

If R, is 2 ohms the current is:

2
I= = 0,67 ampere,
142

and the total power dissipated is:
P = 2 X 0.67 = 1.34 watts.

The portion dissipated in the load is:
P = 0.67* X 2 = 0.9 watt,

and the remainder, 0.44 watt, is dissipated in
the source. If R, is 0.5 ohm, the current in the
circuit is:
2
I =-———— = 1.33 amperes.

1405
The total power is:
P =2 X 1.33 = 2.66 watts.
The load dissipation is:
P = 1.33%2 X 0.5 = 0.88 watt,

while 1.78 watts are dissipated in the source.
Thus, it is seen that, while the total dissipated
power may be greater under other conditions,
the dissipation in the load is greatest when its
resistance equals that of the source.

Electromagnetism

The common bar or horseshoe magnet is
familiar to most people. The magnetic field
which surrounds it causes the magnet to at-
tract other magnetic materials, such as iron
nails or tacks. Exactly the same kind of mag-
netic field is set up around any conductor car-
rying a current, but the field exists only while
the current is flowing. Such a field is called an
electromagnetic field to distinguish it from the
permanent field surrounding the bar magnet.

Magnetic Fields. Before a potential, or
voltage, is applied to a conductor there is no
external field, because there is no general
movement of the electrons in one direction.
However, the electrons do progressively move
along the conductor when an em.f. is applied,
the direction of motion depending upon the
polarity of the em.f. Since each electron has
an electric field about it, the flow of electrons
causes these fields to build up into an external
field which acts in a plane at right angles to
the direction in which the current is flowing.
This field is known as the magnetic field.

The magnetic field around a current-carrying
conductor is illustrated in Figure 11. The di-
rection of this magnetic field depends entirely
upon the direction of electron drift or current
flow in the conductor. When the flow is toward
the observer, the field about the conductor is
clockwise; when the flow is away from the ob-
server, the field is counter-clockwise. This is
easily remembered if the left hand is clenched,
with the thumb outstretched and pointing in
the direction of current flow. The fingers then
indicate the direction of the magnetic field
around the conductor.

Each electron adds its field to the total ex-
ternal magnetic field, so that the greater the
number of electrons moving along the conduc-
tor, the stronger will be the resulting field.
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. Figure 11.
Magnetic lines of force produced around

a conductor carrying an electric current.

One of the fundamental laws of magnetism
is that like poles repel one another and unlike
poles attract one another. This is true of cur-
rent-carrying conductors as well as of per-
manent magnets. Thus, if two conductors are
placed side by side and the current in each is
flowing in the same direction, the magnetic
fields will also be in the same direction and
will combine to form a larger and stronger
field, as shown in Figure 12A. If the current
flow in adjacent conductors is in opposite di-
rections, the magnetic fields will oppose each
other and will tend to cancel. The magnetic
field around a conductor may be considerably
increased in strength by winding the wire into
a coil. The field around each wire then com-
bines with those of the adjacent turns to form
a total field through the coil which is concen-
trated along the axis of the coil and behaves
externally in a way similar to the field of a bar
magnet.

If the left hand is held so that the thumb is
outstretched and parallel to the axis of a coil,
with the fingers curled to indicate the direction
of current flow around the turns of the coil,
the thumb then points in the direction of the
north pole of the magnetic field.

The Magnetic Circuit. In the magnetic
circuit, the units which correspond to current,
voltage, and resistance in the electrical circuit
are flux, magnetomotive force, and reluctance.

Flux; Flux Density. As a current is made
up of a drift of electrons, so is a magnetic
field made up of lines of force, and the total
number of lines of force in a given magnetic
circuit is termed the flux. The unit of flux is
the maxwell, and the symbol is the Greek let-
ter ¢ (phi). Flux density is the number of
lines of force per unit area. It is expressed in
gauss if the unit of area is the square centi-
meter (1 gauss = 1 line of force per square
centimeter), or in lines per square inch. The
flux depends upon the material, cross section,
and length of the magnetic circuit, and it
varies directly as the current flowing in the
circuit.

Magnetomotive Force. The force which
produces a flux in a magnetic circuit is called
magnetomotive force. It is abbreviated m.m.f.
and is designated by the letter F. The unit of

Figure 12.
Effect of (A) aiding and (B) opposing
fields around adjacent conductors. Dot
indicates current flowing towards ob-
server; cross indicates current flowing
away from observer.

magnetomotive force is the gilbert, which is
equivalent to 1.26 X NI, where N is the num-
ber of turns and I is the current flowing in
the circuit in amperes.

Reluctance. Magnetic reluctance corre-
sponds to electrical resistance, and is the prop-
erty of a material that opposes the creation of
a magnetic flux in the material. It is expressed
in oersteds or in rels, and the symbol is the
letter R. An oersted is the reluctance of 1
cubic centimeter of air. A material has a re-
luctance of 1 rel when an m.m.f. of 1 ampere-
turn (NI) generates a flux of 1 line of force in
it. Combinations of reluctances are treated the
same as resistances in finding the total effec-
tive reluctance. The specific reluctance of any
substance is its reluctance per unit volume.
Excepting iron and steel and their alloys, the
specific reluctance of all materials including
air is 1 oersted or 0.313 rel, depending upon
whether the volume is measured in cubic centi-
meters or in cubic inches. The symbol for
specific reluctance is », the Greek letter nu.

As does electrical resistance, so reluctance
varies directly with the length of the circuit
and the specific reluctance of the material, and
inversely with the area of cross section.

Ohm’s Law for Magnetic Circuits. The
relations between flux, magnetomotive force.
and reluctance are exactly the same as the re-
lations between current, voltage, and resistance
in the electrical circuit. These can be stated
as follows:

F F
R ¢
where ¢ = flux, F = m.m.f{., and R = re-

luctance. If F is in gilberts, R will be ex-
pressed in oersteds, but if F is in ampere-
turns, then R will be in rels,

Calculations. To simplify magnetic circuit
calculations, a magnetization curve may be
drawn for a given unit of material. Such a
curve is termed a B-H curve, and is arrived at
by experiment. B-H curves for most common
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magnetic materials are available in many refer-
ence books, so none will be given here.

The symbol for flux density is B if it is ex-
pressed in gausses, or B if expressed in lines
per square inch. The m.m.f. necessary to pro-
duce a given flux density is stated in gilberts
per centimeter (H), or in ampere-turns per
inch (H).

As an example, a transformer is to be de-
signed with a core of open-hearth steel having
a cross-sectional area of 3 sq. cm. The flux is
to be 36,000 lines. The magnetic path is 24
cm. long. It is necessary to find the ampere-
turns required to produce the desired flux.
B = g/A = 36,000/3 = 12,000 gausses or 12
kilogausses. A B-H curve for open-hearth steel
shows that 5 gilberts per centimeter are re-
quired to magnetize this material to a flux
density of 12 kilogausses. Since the path is 24
cm. long, 5 must be multiplied by 24, giving
120 gilberts required. To obtain ampere-turns,
120 is divided by 1.26, giving 95.2 ampere-
turns.

Permeability. Permeability expresses the
ease with which a magnetic field may be set up
in a material as compared with the effort re-
quired in the case of air. Iron, for example,
has a permeability of around 2000 times that
of air, which means that a given amount of
magnetizing effect produced in an iron core by
a current flowing through a coil of wire will
produce 2000 times the flux density that the
same magnetizing effect would produce in air.
It may be expressed by the ratio B/H or B/H.
In other words,

B B
m=—0ry=—
H H

where p is the permeability, B is the flux dens-
ity in gausses, B is the flux density in lines per
square inch, /T is the m.m.f. in gilberts per
centimeter, and H is the m.m.f. in ampere-
turns per inch. These relations may also be

stated as follows: o
B B
H=—orH=— and B=HuorB=H
» »

Saturation. Permeability is similar to elec-
tric conductivity. There is, however, one im-
portant difference: the permeability of mag-
netic materials is not independent of the
magnetic current (flux) flowing through it, al-
though electrical conductivity is usually inde-
pendent of the electric current in a wire.
When the flux density of a magnetic conductor
has been increased to the saturation point, a
further increase in the magnetizing force will
not produce a material increase in flux density.

Residual Magnetism; Retentivity. The
magnetism remaining in a material after the
magnetizing force is removed is called residual
magnetism. Retentivity is the property which
causes a magnetic material to have residual
magnetism after having been magnetized.

Hysteresis; Coercive Force. Hysteresis is
the characteristic of a magnetic system which
causes a loss of power due to the fact that a
negative magnetizing force must be applied to
reduce the residual magnetism to zero. This
negative force is termed coercive force. By
“negative” magnetizing force is meant one
which is of the opposite polarity with respect
to the original magnetizing force. Hysteresis
loss is apparent in transformers and chokes by
the heating of the core.

Alternating Current

To this point in the text, consideration has
been given primarily to a current consisting of
a steady flow of electrons in one direction.
This type of current flow is known as uni-
directional or direct current, abbreviated d.c.
Equally as important in radio work and more
important in power practice is another and al-
together different type of current, known as
alternating current and abbreviated a.c. Power
distribution from one point to another and into
homes and factories is almost universally a.c.
On the other hand, the plate supply to vacuum
tubes is almost universally d.c.

Generation of Alternating Current. Fara-
day discovered that, if a conductor which
forms part of a closed circuit, is moved through
a magnetic field so as to cut across the lines
of force, a current will flow in the conductor.
He also discovered that, if a conductor in a
second closed circuit is brought near the first
conductor and the current in the first one is
varied, a current will flow in the second con-
ductor. This effect is known as induction, and
the currents so generated are induced currents.
In the latter case it is the lines of force which
are moving and cutting the second conductor,
due to the varying current strength in the first
conductor.

A current is induced in a conductor if there
is a relative motion between the conductor
and a magnetic field, its direction of flow de-
pending upon the direction of the relative mo-
tion between the conductor and the field, and
its strength depends upon the intensity of the
field, the rate of cutting lines of force, and the
number of turns in the conductor.

An alternating current is one which period-
ically rises from zero to a maximum in one
direction, decreases to zero and changes its
direction, rises to a maximum in the opposite
direction, and decreases to zero again. This
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Figure 13.
Graphical comparison of unidirectional
or direct current and alternating current.

complete process is called a cycle, and from
zero through a maximum and back to zero is
an alternation or half-cycle. The number of
times per second that the current goes through
a complete cycle is called the frequency.

A machine that generates alternating current
is termed an alternator or a.c. generator. Such
a machine in its basic form is shown in Figure
14. It consists of two permanent magnets, M,
the opposite poles of which face each other,
and the poles are machined so that they have
a common radius. Between these two poles,
north (N) and south (S), a magnetic field
exists. If a conductor in the form of C is so
suspended that it can be freely rotated be-
tween the two poles, and if the opposite ends
of conductor C are brought to collector rings,
R, which are contacted by brushes (B), there
will be a flow of alternating current when
conductor C is rotated. This current will flow
out through the collector rings R and brushes
B to the external circuit, X-Y.

The field intensity between the two pole
pieces is substantially constant over the entire
area of the pole face. However, when the con-
ductor is moving parallel to the lines of force
at the top or bottom of the pole faces, no lines
are being cut. As the conductor moves on
across the pole face it cuts more and more
lines of force for each unit distance of travel,
until it is cutting the maximum number of
lines when opposite the center of the pole.
Therefore, zero current is induced in the con-
ductor when it is at the top or bottom of the
poles, and maximum current is induced when
it is opposite the center of the pole face. After
the conductor has rotated through 180° it can
be seen that its position with respect to the
pole pieces will be exactly opposite to that
when it started. Hence, the second 180° of
rotation will produce an alternation of current

in the opposite direction to that of the first
alternation.

The current does not increase directly as the
angle of rotation, but rather as the sine of the
angle; hence, such a current has the mathe-
matical form of a sine wave. Although most
electrical machinery does not produce a strictly
pure sine curve, the departures are usually so
slight that the assumption can be regarded as
fact for most practical purposes. All that has
heen said in the foregoing paragraphs concern-
ing alternating current also is applicable to
alternating voltage.

Referring to Figure 15, it will be seen that
if a curve is plotted for an alternating voltage,
such a curve would assume the shape of a sine
wave and by plotting amplitude against time,
the voltage at any instant could be found. The
instantaneous value of voltage at any given
instant can also be calculated as follows:

¢ = E .z sin 2xft,

e = the instantaneous voltage,

E = maximum crest value of voltage,

f = frequency in cvcles per second, and
t = time in seconds.

The instantaneous current can be found from
the same formula by substituting i for e and
Toax for Enae. The formula then becomes:

i = I, sin 2xft,

where i = the instantaneous current,
I = maximum crest value of current,
f = frequency in cycles per second, and
t = time in seconds.

Radians. The term 2xf in the preceding
equation should be thoroughly understood be-
cause it is of basic importance. Returning
again to the rotating point P (Figure 15), it
can be seen that when this point leaves its
horizontal position and begins its rotation in
a counter-clockwise direction, through a com-
plete revolution back to its initial starting

Figure 14.
Schematic representation of the simplest
form of the alternator.
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Figure 15.
Graph showing the voltage output of a
single-turn conductor revolving in a
magnetic field.

point, it will have traveled through 360 elec-
trical degrees. In electrical work, instead of
referring to this movement in terms of de-
grees, it is customary to express the move-
ment in terms of radians. Mathematically, a
radian is an arc of the circle equal in length
to the radius of the circle. There are 2x
radians in 360 degrees, so that one radian is
equivalent to 57.32 degrees.

When the conductor in the simple alternator
has moved through 27 radians it has generated
one cycle. 2xf then represents one cycle, mul-
tiplied by the number of cycles per second
(the frequency) of the alternating voltage or
current, and is. therefore, the angular velocity.
In technical literature 2xf is often replaced by
w, the Greek letter omega. Velocity multi-
plied by time gives the distance traveled, so
2xft represents the angular distance through
which the conductor has traveled, and since
the instantaneous voltage or current is pro-
portional to the sine of this angle, it is pos-
sible to calculate these quantities at any in-
stant of time. provided that the wave very
closely approximates a sine curve,

Vectors; the J Operator. The quantities
mentioned so far have been scalar; that is,
they have only a magnitude and can be ex-
pressed completely by a number. However.
a.c. problems can often be simplified if use is
made of vectors, which indicate the direction
of a quantity as well as its magnitude. The
idea of a quantity having direction may be
somewhat confusing, but it will be made clear
in the following discussion.

In a.c. work two types of vectors may occur,
space and rotating vectors. A space vector is
one which has a fixed direction in space, while
a rotating vector has a constant magnitude and
angular velocity. Alternating currents or volt-
ages which vary sinusoidally with time are
usually expressed by rotating vectors. The
projection of the vector upon a fixed reference
axis represents the instantaneous value of the
current or voltage, if the length of the vector
indicates the maximum value.

Vector quantities may be written in a form

known as complex notation. To do this re-
quires the use of the j operator. It is possible
to determine the position of the hypotenuse of
a right triangle, with respect to a system of
rectangular coordinate axes, if the length and
mathematical sign of the two sides adjacent to
the right angle are known. Referring to Fig-
ure 18, if the lengths of OA and AP in the
triangle AOP are known, the location of the
hypotenuse OP is fixed, since both of the sides
are positive. By using j to indicate that AP
(or OC) is at right angles to OA, OP can be
written as OA+jAP. Depending upon whether
the side to which it refers extends upward or
downward from the horizontal axis, j can be
either positive or negative. Likewise, OA can
be either positive or negative, depending upon
whether it extends to the right or left of the
vertical axis.

Frequency. The frequency of an alter-
nating current of voltage may be any value
from 1 cycle per second to an infinitely large
number of cycles per second. Up to about
20,000 cycles per second are considered audio
frequencies, since all except those from zero
to about 16 c.p.s. are audible to the human
ear. The a.c. power which is supplied to homes
and factories is generally 25, 50, or 60 C.p.s.
Frequencies above 20,000 c.p.s. are known as
radio frequencies. But they are usually spoken
of in terms of kilocycles, rather than cycles.
because the numbers become too large. When
the frequency gets above a few thousand kilo-
cycles, the term megacycles is used. A kilo-
cycle is equal to 1000 cvcles, and a megacycle
equals 1.000,000 cycles. A conversion table for
simplifying this terminology is given here:
1,000 cycles = 1 kilocycle. The abbreviation

for kilocycle is kc.

1 ¢ycle = 1/1,000 of a kilocycle, .oo1 kc. or

107 ke.

1 megacycle = 1,000 kilocycles, or 1,000.000
cycles, 10% kc. or 1% cycles.

1CYCLE

TIME

AMPLITUDE

1eyeLe = ¢

dovele=p

WHERE F = FREQUENCY IN CYCLES PER SECOND
Figure 16.
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WHERE:

© (THETA) = PHASE ANGLE =2TTFT
A= & nanians or 90*

B 277 RADIANS OR 180°

c = 3T RADIANS OR 270°

D= 277 RADIANS OR 380*

4 AADIAN = 57,324 DEGREES

Figure 17.

=J

Figure 18.
ROTATING VECTOR DIAGRAM.

1 kilocycle = 1/1,000 megacycle, .co1 mega-
cycle, or 10° Mc. The abbreviation for
megacycles is Mc.

Effective Value of Voltage and Current.
The instantaneous value of an alternating cur-
rent or voltage varies throughout the cycle, so
that the effective value of this current or volt-
age must be determined by comparing the a.c.
heating effect with that of d.c. Thus, an alter-
nating current will have an effective value of
1 ampere when it produces the same heat in a
conductor as does 1 ampere of direct current.

This effective value is derived by taking the
instantaneous values of current over a cycle
of alternating current, squaring these values,
taking an average of the squares. and then
taking the square root of the average. By this
procedure, the effective value becomes known
as the root mean square or r.m.s. value. This
is the value that is read on a.c. voltmeters and
ammeters. The r.m.s. value is 70.7 per cent of
the peak or maximum instantaneous value and
is expressed as follows:

En-ff or Er.m.u. = 0.707 X Emnx, or
Teeeor Inms = 0.707 X L.

The following relations are extremely useful
in radio and power work:

E;.m.«. = 0.707 X E,ux, and
Enix =1.414 X Er i

Rectified Alternating Current or Pulsat-
ing Direct Current. If an alternating cur-
rent is passed through a full-wave rectifier. it
emerges in the form of a current of varying
amplitude which flows in one direction only.
Such a current is known as rectified a.c. or
pulsating d.c. A typical wave form of a pul-
sating direct current as would be obtained
from the output of a full-wave rectifier is
shown in Figure 19.

Measuring instruments designed for d.c. op-
eration will not read the peak or instantaneous
maximum value of the pulsating d.c. output
from the rectifier; it will read only the average

value. This can be explained by assuming that
it could be possible to cut off some of the
peaks of the waves, using the cut-off portions
to fill in the spaces that are open, thereby ob-
taining an average d.c. value. A milliammeter
and voltmeter connected to the adjoining cir-
cuit, or across the output of the rectifier, will
read this average value. It is related to peak
value by the following expression:

E.vg = 0.636 X Emnx

It is thus seen that the average value is 63.6
per cent of the peak value.

Relationship Between Peak, R.M.S. or
Effective, and Average Values. To summar-
ize the three most significant values of an a.c.
wave: the peak value is equal to 1.41 times
the r.m.s. or effective, and the r.ms. value is
equal to 0.707 times the peak value; the aver-
age value of a full-wave rectified a.c. wave is
0.636 times the peak value, and the average
value of a rectified wave is equal to 0.9 times
the rm.s. value. This latter factor is of value
in determining the voltage output from a power
supply which operates with a choke-input filter
system. If the input choke is of the swinging
tyvpe and is of ample inductance, the d.c. volt-
age output of the power supply will be 0.9
times the rm.s, a.c. output of the used sec-
ondary of the transformer (one-half secondary
voltage in the case of a full-wave rectifier and
the full secondary voltage in the case of bridge
rectification) less the drop in the rectifier tubes
(usually negligible) and the drop in the filter
inductances.

TIME

AMPLITUDE

Figure 19.
Typical waveform output as obtained
from a full-wave rectifier.
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Inductance

In the section titled “Generation of Alter-
nating Current” a brief cxplanation of induc-
tion was given, and it would be well for the
reader to review it at this point.

If a switch is inserted in the circuit shown
in Figure 11, a pulsating direct current can be
produced by closing and opening the switch.
When it is first closed, the current does not
instantaneously rise to its maximum value, but
builds up gradually. While it is building up
the magnetic field is expanding around the
conductor. Of course. this happens in a frac-
tion of a second. If the switch is then opened,
the current dies down gradually and the mag-
netic field contracts. This expanding and con-
tracting field will induce a current in any
other conductor that is part of a continuous
circuit which it cuts. Such a field can be ob-
tained in the way just mentioned, by means
of 2 vibrator interruptor, or by applyving a.c.
to the circuit in place of the hattery. Varving

the resistance of the circuit will also produce
the same effect. This inducing of a current in
a conductor due to a varying current in an-
other conductor is called electromaguetic in-
duction.

Self-Induction. If an alternating current
flows through a coil the varving magnetic field
around each turn cuts itself and the adjacent
turns and induces a voltage in the coil, of
opposite polarity to the applied e.m.f. The
amount of induced voltage depends upon the
number of turns in the coil, the current flow-
ing in the coil, and the number of lines of
force threading the coil. The voltage so in-
duced is known as a counter-e.m.f. or back-
e.m.f., and the effect is termed self-induction.
When the applied voltage is building up the
counter-e.m.f. opposes the rise; when the ap-
plied voltage is decreasing the counter-e.m.f.
is of the same polarity and tends to maintain
the current. Thus, it can be seen that self-
induction tends to prevent any change in the
current in the circuit.

The Unit of Inductance; The Henry.
Inductance is usually denoted by the letter L,
and is expressed in henrys. A coil has an in-
ductance of 1 henry when a voltage of 1 volt
is induced by a current change of 1 ampere
per second. The henry, while commonly used
in audio frequency circuits. is too large for
reference to inductance coils such as those
used in radio frequency circuits; millihenry or
microhenry are more commonly used, in the
following manner:

1 henry = 1,000 millikenrys, or 10% milli-
henrys.

1 millihenry = 1/1,000 of a henry, .oox henry,
or 1073 henry.

1 microhenry = 1/1,000.000 of a henry, or
.000001 henry, or 107 henry.

One one-thousandth of a millihenry = .oo1 or
10 * millienrys.

1,000 microhenrys = 1 millihenry.

Mutual Induction. When one coil is near
another, a varying current in one will produce
a varying magnetic field which cuts the turns
of the other coil. inducing a current in it. This
induced current is also varving, and will there-
fore induce another current in the first coil.
This reaction between two coupled circuits is
called mutual induction, and can be calculated
and expressed in henrys. The symbol for mu-
tual inductance is M. Two circuits thus joined
are said to be inductively coupled.

The magnitude of the mutual inductance
depends upon the shape and size of the two
circuits, their positions and distances apart,
and the permeability of the medium. The ex-
tent to which two inductances are coupled is
expressed by a relation known as coeflicient of
coupling. This is the ratio of the mutual in-
ductance actually present to the maximum pos-
sible value.

Inductances in Parallel. Inductances in
parallel are combined exactly as are resistors
in parallel, provided that they are far enough
apart so that the mutual inductance is entirely
negligible, i.e., if the coupling is very loose.

Inductances in Series. Inductances in
series are additive, just as are resistors in
series, again provided that no mutual induct-
ance exists. In this case, the total inductance
L is:

Where mutual inductance does exist:
L=1L, + Lz +21\I,

where M is the mutual inductance.

This latter expression assumes that the coils
are connected in such a way that all flux link-
ages are in the same direction, i.e., additive.
If this is not the case and the mutual linkages
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subtract from the self-linkages, the following
formula holds:

L=L|+L2— 21\1,

where M is the mutual inductance.

Calculation of Inductance. The induct-
ance of coils with magnetic cores can be de-
termined with reasonable accuracy from the
formula:

L=1257 X N?*XDPX10?
where

1k i's the inductance in henrys,
N is the number of turns.
P is the permeability of the core material.

From this formula it can be seen that the
inductance is proportional to the permeability
as well as to the square of the number of
turns. Thus, it is possible to secure greater
values of inductance with a given number of
turns of wire wound on an iron core than
would be possible if an air core coil were used.

The inductance of an air core coil can he
calculated with good accuracy by using the
following formula:

¢.2 X D* X N?

3D + 9l 4+ 10C
where L = inductance in microhenrys,
D = inside diameter of coil in inches,
! =length of winding in inches.
C = radial depth of coil in inches
(this value may be omitted
for single-layer coils). and
N = total number of turns.

By first deciding upon the size of wire that is
to be used, / can be expressed in terms of N
as follows:

! (length of winding) =

total number of turns in coil
number of turns per linear inch’

Core Material. Ordinary magnetic cores
cannot be used for radio frequencies because
the eddy current losses in the core material
become enormous as the frequency is in-
creased. The principal use for magnetic cores
is in the audio-frequency range below approxi-
mately 15,000 cycles, whereas at very low fre-
quencies (50 to 6o cycles) their use is manda-
tory if an appreciable value of inductance is
desired.

An air core inductor of only 1 henry in-
ductance would be quite large in size, vet
values as high as 500 henrys are commonly
available in small iron core chokes. The in-
ductance of a coil with a magnetic core will
vary with the amount of direct current which
passes through the coil. For this reason, iron

rl =

z| =

core chokes that are used in power supplies
have a certain inductance rating at a predeter-
mined value of d.c.

One exception to the statement that metal
core inductances are highly inefficient at radio
frequencies is in the powdered iron cores used
in some types of intermediate frequency trans-
formers. These cores are made of very fine
particles of powdered iron, which are first
treated with an insulating compound so that
cach particle is insulated from the other. These
particles are then molded into a solid core
around which the wire is wound. Eddy cur-
rent losses are greatly reduced, with the result
that these special iron cores are entirely prac-
tical in circuits which operate up to 1500 ke.
in frequency.

Inductive Reactance. As was previously
stated. when an alternating current flows
through an inductance. a back- or counter-
electromotive force is developed: this force
opposes any change in the initial em.f. The
property of an inductance to offer opposition
to a change in current is known as its reactance
or inductive reactance. This is expressed as
Nt

XL = 27rfL.

where X, = inductive reactance expressed in
ohms.

7 = 3.1416 (27 = 6.283),

f = frequency in cycles.

L = inductance in henrys,

Inductive Reactance at R. F. It is very
often necessary to compute inductive react-
ance at radio frequencies. The same formula
may be used, except that the units in which
the inductance and the frequency are expressed
will be changed. Inductance can, therefore, be
expressed in millihenrys and frequency in kilo-
cvcles. For higher frequencies and smaller val-
ues of inductance. frequency is expressed in
megacycles and inductance in microhenrys, The
hasic equation need not be changed. since the
multiplying factors for inductance and fre-
quency appear in numerator and denominator.
and hence are cancelled out. However, it is
not possible in the same equation to express
L in millihenrys and { in evcles without con-
version factors.

Should it become desirable to know the
value of inductance necessary to give a certain
reactance at some definite frequency. a trans-
position of the original formula gives the fol-
lowing:

L =X, + (2xf),

or when Xy, and L are known,
X,
2 7 L
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Electrostatic Storage of Energy

So far we have dealt only with the storage
of energy in an clectromagnetic field in the
form of an inductance. The storage of energy
in a magnetic field is expressed in joules and
is equal to (LI?®)/2. (A joule is equal to 1
watt-second.) Electrical energy can also be
stored in an electrostatic field. A device capa-
ble of storing energy in such a field is called
a condenser and is said to have a certain
capacitance. The energy stored in an electro-
static field is also expressed in jowules and is
equal to CE?%*/2, where C is the capacity in
farads (a unit of capacity to be discussed) and
E is the potential in volts.

Capacitance and Condensers. Two me-
tallic plates separated from each other by a
thin layer of insulating material (called a di-
electric, in this case), become a condenser.
When a source of d.c. potential is momen-
tarily applied across these plates, they may be
said to become charged. If the same two plates
are then joined together momentarily by means
of a wire, the condenser will discharge.

When the potential was first applied, elec-
trons immediately attempted to flow from one
plate to the other through the battery or such
source of d.c. potential as was applied to the
condenser plates. However, the circuit from
plate to plate in the condenser was incomplete
(the two plates being separated by an insula-
tor) and thus the electron flow ceased, mean-
while establishing a shortage of electrons on
one plate and a surplus of electrons on the
other.

Remember that when a deficiency of clec-
trons exists at one end of a conductor, there
is always a tendency for the electrons to move
about in such a manner as to re-establish a
state of balance. In the case of the condenser
herein discussed, the surplus quantity of elec-
trons on one of the condenser plates cannot
move to the other plate because the circuit
has been broken; that is. the battery or d.c.
potential was removed. This leaves the con-
denser in a charged condition; the condenser
plate with the electron deficiency is positively
charged, the other plate being negative.

In this condition, a considerable stress exists
in the insulating material (dielectric) which
separates the two condenser plates, due to the
mutual attraction of two unlike potentials on
the plates. This stress is known as electro-
static energy, as contrasted with electromag-
netic energy in the case of an inductance. This
charge can also be called potential energy be-
cause it is capable of performing work when
the charge is released through an external
circuit.

The Unit of Capacitance: The Farad. 1f
the external circuit of the two condenser plates
is completed by joining the terminals together
with a piece of wire, the electrons will rush
immediately from one plate to the other
through the external circuit and establish a
state of equilibrium. This latter phenomenon
explains the discharge of a condenser. The
amount of stored energy in a charged con-
denser is dependent upon the charging poten-
tial, as well as a factor which takes into ac-
count the sice of the plates, dielectric thick-
ness, nature of the dielectric, and the number
of plates. This factor, which is determined by
the foregoing, is called the capacity of a con-
denser and is expressed in farads.

The farad is such a large unit of capacity
that it is rarely used in radio calculations, and
the following more practical units have, there-
fore, been chosen:

1 microfarad = 1/1,000,000 of a fared, or
.000001 farad, or 107 farads.

1 micro-microfarad = 1/1,000,000 of a micro-
farad, or .000001 microfarad, or 107® micro-
farads.

1 micro-microfarad = one-million-millionth of
a farad, or .cooocoooooor farad, or 107!
farads.

If the capacity is to be expressed in micro-
farads in the equation given under energy
storage, the factor C would then have to be
divided by 1,000,000, thus:
C X E?
Stored energy in joules =
2 X 1,000,000

This storage of energy in a condenser is one
of its very important properties, particularly
in those condensers which are used in power
supply filter circuits.

Dielectric Constant. The capacity of a
condenser is largelv determined by the thick-
ness and nature of the dielectric separation
between plates. Certain materials offer a
greater capacity than others, depending upon
their physical makeup and chemical constitu-
tion. This property is expressed by a constant
K, called the dielectric constant. A table for
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iomc of the commonly used dielectrics is given
ere:

Material Dielectric Constant
Air ... . . B, 1.00
Mica . . .. . .. 575
Hard rubber 2.50t0 3.00
Glass . 4.90 t09.00
Bakelite derivatives 3.50 to 6.00
Celluloid A o 4.10
Fiber . o . .. 4t0b
Wood (without special prepara-

tion):

Oak . 3.3

Maple . 4.4

Birch . 5.2
Transformer oil . . ... ... 2.5
Castor oil 5.0
Porcelain, steatite . . 6.3
Lucite 2.5 to3.0
Quartz .. . 4.75
Victron, Trolitul . 2.6

Dielectric Breakdown. The nature and
thickness of a dielectric have a very definite
bearing on the amount of charge of a con-
denser. If the charge becomes too great for a
given thickness of dielectric, the condenser
will break down, i.e., the diclectric will punc-
ture. It is for this reason that condensers are
rated in the manner of the amount of voltage
they will safely withstand. This rating is com-
monly expressed as the d.c. working voltage.

Calculation of Capacity. The capacity of
two parallel plates is given with good accuracy
by the following formula:

A
C=0.2248 X K X —,
t

where C = capacity in micro-microfarads,
K = dielectric constant of spacing

material,

A =area of dielectric in square
inches,

t = thickness of dielectric in inches.

This formula indicates that the capacity is
directly proportional to the area of the plates
and inversely proportional to the thickness of
the dielectric (spacing between the plates).
This simply means that when the area of the
plate is doubled, the spacing between plates
remaining constant, the capacity will be dou-
bled. Also, if the arca of the plates remains
constant, and the plate spacing is doubled, the
capacity will be reduced to half. The above
equation also shows that capacity is directly
proportional to the dielectric constant of the
spacing material. A condenser that has a ca-
pacity of 100 pufd. in air would have a capac-
ity of 500 puufd. when immersed in castor oil.
because the dielectric constant of castor oil is

12
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Figure 20.

5.0 or five times as great as the dielectric con-
stant of air.

Where the area of the plates is definitely set,
and when it is desired to know the spacing
needed to secure a required capacity,

A X 02248 XK
t = —— —
C
where all units are expressed just as in the pre-
ceding formula. This formula is not confined
to condensers having only square or rectangu-
lar plates, but also applies when the plates are
circular in shape. The only change will be the
calculation of the area of such circular plates;
this area can be computed by squaring the
radius of the plate. then multiplying by 3.1416,
or “pi.” Expressed as an equation:
A = 31416 X 1}
where r = radius in inches.

The capacity of a multi-plate condenser can
be calculated by taking the capacity of one
section and multiplying this by the number of
dielectric spaces. In such cases, however, the
formula gives no consideration to the effects of
edge capacity so that the capacity as calcu-
lated will not be entirely accurate. These ad-
ditional capacities will be but a small part of
the effective total capacity, particularly when
the plates are reasonably large, and the final
result will, therefore, be within practical limits
of accuracy.

Equations for calculating capacities of con-
densers in parallel connection are the same as
those for resistors in series:

C=¢C +C2, etc.
Condensers in series connection are calcu-

lated in the same manner as are resistors in
parallel connection.
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The formulas are repeated: (1) For two or
more condensers of unequal capacity in series:

I

R
I I I
C G G
1 I 1 I
or —=—+—+ —

C G C G

(2) Two condensers of wnequal capacity in
series:
CiXC
C =

CENG

(3) Three condensers of equal capacity in
series:

C
C = —, where C; is the common capucity.

3
(4) Three or more condensers of equal capac-
ity in series:
Value of common capacity

Number of condensers in series
(5) Six condensers in series parallel:
I 1 1

C= + +
1 1 1 1 1 1
-t =4+ — 4+ -
Cy C. G C: G Ce
Capacitive Reactance. It has been ex-
plained that inductive reactance is the ability
of an inductance to oppose a change in an
alternating current. Condensers have a similar
property although in this case the opposition
is to the voltage which acts to charge the con-
denser. This action is called capacitive react-
ance and is expressed as follows:

I

X, = h
27 fC
where X. = capacitive reactance in ohms,
m = 3.1416,
f = frequency in cycles,
C = capacity in farads.

Capacitive Reactance at R. F. Here
again, as in the case of inductive reactance,
the units of capacity and frequency can be
converted into smaller units for practical prob-
lems encountered in radio work. The equation
may be written:

1,000,000

2 7iC

where f = frequency in megacycles,

= capacity in micro-microfarads.
In the design of filter circuits, it is often con-
venient to express frequency (f) in cycles and
capacity (C) in microfarads, in which event
the same formula applies.

Condensers in A. C. and D. C. Circuits.
When a condenser is connected into a direct
current circuit, it will block the d.c., or stop
the flow of current. Beyond the initial move-
ment of electrons during the period when the
condenser is being charged, there will be no
flow of current because the circuit is effectively
broken by the dielectric of the condenser.
Strictly speaking, a very small current may
actually flow because the dielectric of the con-
denser may not be a perfect insulator. This
minute current flow is the leakage current
previously referred to and is dependent upon
the internal d.c. resistance of the condenser.
This leakage current is usually quite notice-
able in most types of electrolytic condensers.

When an alternating current is applied to a
condenser, the condenser will charge and dis-
charge a certain number of times per second
in accordance with the frequency of the alter-
nating voltage. The electron flow in the charge
and discharge of a condenser when an a.c. po-
tential is applied constitutes an alternating cur-
rent, in effect. It is for this reason that a con-
denser will pass an alternating current yet
offer practically infinite opposition to a direct
current. These two properties are repeatedly
in evidence in a radio circuit.

Voltage Rating of Condensers in Series.
Any good paper dielectric filter condenser has
such a high internal resistance (indicating a
good dielectric) that the exact resistance will
vary considerably from condenser to condenser
even though they are made by the same manu-
facturer and are of the same rating. Thus,
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when 1000 volts d.c. is connected across two
1-ufd. s00-volt condensers, the chances are
that the voltage will divide unevenly and one
condenser will receive more than 500 volts and
the other less than 500 volts.

Voltage Equalizing Resistors. By con-
necting a half-megohm 1-watt carbon resistor
across each condenser, the voltage will be
equalized because the resistors act as a voltage
divider, and the internal resistances of the
condensers are so much higher (many meg-
ohms) that they have but little effect in dis-
turbing the voltage divider balance.

Carbon resistors of the inexpensive type are
not particularly accurote (not being designed
for precision service); therefore it is advisable
to check several on an accurate ohmmeter to
find two that are as close as possible in re-
sistance. The exact resistance is unimportant.
just so it is the same for the two resistors
used.

Condensers in Series on A. C. When two
condensers are connected in series, alternating
current pays no heed to the relatively high in-
ternal resistance of cach condenser, but divides
across the condensers in inverse proportion to
the capacity. Because, in addition to the d.c.
across a capacitor in a filter or audio amplifier
circuit, there is usually an a.c. or a.f. voltage
component, it is inadvisable to series-connect
condensers of unequal capacitance even if di-
viders are provided to keep the d.c. within the
ratings of the individual capacitors.

For instance, if a soo-volt 1-ufd. capacitor
is used in series with a 4-ufd. soo-volt con-
denser across a 250-volt a.c. supply. the r-pfd.
condenser will have 200 volts a.c. across it and
the 4-ufd. condenser only 50 volts. An equal-
izing divider to do any good in this case would
have to be of very low resistance hecause of
the comparatively low impedance of the con-
densers to a.c. Such a divider would draw ex-
cessive current and be impracticable.

Tl:e safest rule to follow is to use only con-
densers of the same capacity and voltage rat-
ing and to install matched high resistance pro-
portioning resistors across the various con-
densers to equalize the d.c. voltage drop across
each condenser. This holds regardless of how
many capacitors are series-connected.

Electrolytic Condensers in Series. Simi-
lar electrolytic capacitors. of the same capac-
ity and made by the same manufacturer. have
more nearly uniform (and much lower) in-
ternal resistance though it still will vary con-
siderably. However, the variation is not nearly
as great as encountered in paper condensers,
and the lowest d.c. voltage is across the weak-
est (leakiest) electrolytic condensers of a
series group.

As an electrolytic capacitor begins to show

signs of breaking down from excessive volt-
age, the leakage current goes up, which tends
to heat the condenser and aggravate the con-
dition. However, when used in series with one
or more others, the lower resistance (higher
leakage current) tends to put less d.c. voltage
on the weakening condenser and more on the
remaining ones. Thus, the capacitor with the
lowest leakage current, usually the best capaci-
tor. has the highest voltage across it. For this
reason, dividing resistors are not essential
across series-connected electrolytic capacitors.
Electrolytic condensers use a very thin film
of oxide as the dielectric, and are polarized;
that is, they have a positive and a negative
terminal which must be properly connected in
a circuit; otherwise, the oxide will boil, and
the condenser will no longer be of service.
When electrolytic condensers are connected in
series, the positive terminal is alwavs con-
nected to the positive lead of the power sup-
ply; the negative terminal of the condenser
connects to the positive terminal of the snext
condenser in the series combination. The
method of connection is shown in Figure 23.

- DT + ._!L - B- -.-*]-7

— -+ - —
POLARIZED CONDENSERS (ELECTROLYTIC) IN SERIES

Figure 23,

Phase. When an alternating current tlows
through a purely resistive circuit, it will be
found that the current will go through maxi-
mum and minimum in perfect step with the
voltage. In this case the current is said to bhe
in step or in phase with the voltage. For this
reason, Ohm’s law will apply equally well for
a.c. or for d.c. where pure resistances are con-
cerned, provided that the eflective values of
a.c. are used in the calculations.

If a circuit has capacity or inductance or
both, in addition to resistance, the current
does not reach a maximum at the same instant
as the voltage; therefore Ohm’s law will not
apply. It has been stated that inductance
tends to resist any change in current; when an
inductance is present in a circuit through
which an alternating current is flowing, it will
be found that the current will reach its maxi-
mum behind or later than the voltage. In
electrical terms, the current will /lag behind
the voltage, or, conversely, the voltage will lead
the current.
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Figure 24.

The above two illustrations show the man-

ner in which a pure inductance or a pure

capacitance (no resistance component in

either) will cause the current in the cir-

cuit either to lead or to lag the voltage
by 90°.

If the circuit is purely inductive, i.e., if it
contains neither resistance nor capacitance.
the current does not start until the voltage has
first reached a maximum; the current, there-
fore, lags the voltage by go degrees as in Fig-
ure 24. The angle will be less than go degrees
if resistance is in the circuit.

When pure capacity alone is present in an
a.c. circuit (no inductance or resistance of any
kind), the opposite effect will be encountered;
the current will reach a maximum at the in-
stant the voltage is starting and, hence, will
lead the voltage by go degrees. The presence
of resistance in the circuit will tend to de-
crease this angle.

Comparison of Inductive to Capacitive
Reactance with Changing Frequency. From
the equation for inductive reactance, it is seen
that as the frequency becomes greater the re-
actance increases in a corresponding manner.
The reactance is doubled when the frequency
is doubled. If the reactance is to be very
large when the frequency is low, the value of
inductance must be very large.

The equation for capacitive reactance shows
that the reactance varies inversely with fre-
quency and capacity. With a fixed value of
capacity, the reactance will become less as the
frequency increases. When the frequency is
fixed, the reactance will be greater as the ca-
pacity is lowered. In order to have high re-
actance, it is necessary to have low capacitance
although in power filter circuits the reactance
is always made low so that the alternating cur-
rent component from the rectifier will be by-
passed. The capacitance must be made large
in this case because the frequency is quite low
(60-120 cycles).

A comparison of the two types of reactance,
inductive and capacitive, shows that in one
case (inductive) the reactance increases with
frequency, whereas in the other (capacitive)
the reactance decreases with frequency.

Reactance and Resistance in Combina-
tion. When a circuit includes a capacity or
an inductance or both, in addition to a re-
sistance, the simple calculations of Ohm’s law
will 7ot apply when the total impedance to
alternating current is to be determined. Ref-
erence is here made to the passage of an alter-
nating current through the circuit; the re-
actance must be considered in addition to the
d.c. resistance because reactance offers an op-
position to the flow of alternating current.

When alternating current passes through a
circuit which contains only a condenser, the
voltage and current relations are as follows:

E
E=IX,and I = —.
13
where E = voltage,
1 = current in amperes,
1

X. = capacitive reactance or
2 fC
(expressed in ohms).

Power Factor. It should now be apparent
to the reader that in such circuits that have
reactance as well as resistance, it will not be
possible to calculate the power as in a d.c.
circuit or as in an a.c. circuit in which current
and voltage are in-phase. The reactive com-
ponents cause the voltage and current to reach
their maximums at different times, as was ex-
plained under Phase. and to calculate the power
in such a circuit we must use a value called the
power factor in our computations.

The power factor in a resistive-reactive a.c.
circuit may be expressed as the actual watts
(as measured by a watt-meter) divided by the
product of voltage and current or:

\\Y

EXI

where W = watts as measured,

E = voltage (r.ms.)

I = current in amperes (r.m.s.).
Stated in another manner:

\\Y

= cosé
EXI

The character ¢ is the angle of phase dif-
ference between current and voltage. The
product of volts times amperes gives the
apparent power of the circuit, and this must
be multiplied by the cosé to give the actual
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power. This factor cosé is called the power
factor of the circuit.

When the current and voltage are in-phase,
this factor is equal to 1. Resonant or purely
resistive circuits are then said to have unity
power factor, in which case:

E?
W=EXI W=IR, W=—,
R

Applying Ohm’s Law to Alternating Cur-
rent. Ohm’s law applies equally to direct or
alternating current, provided the circuits under
consideration are purely resistive, that is, cir-
cuits which have neither inductance (coils)
nor capacitance (condensers). Problems which
involve tube filaments, drop resistors, electric
lamps, heaters or similar resistive devices can
be solved from Ohm’s law, regardless of
whether the current is direct or alternating.
When a condenser or a coil is made a part of
the circuit, a property common to either, called
reactance, must be taken into consideration.

When the circuit contains inductance only.
yet with the same conditions as above, the
formula is as follows:

E
E=1IX,and ] = —,
Xo
where E = voltage,
I = current in amperes,
X. = inductive reactance or 2#fL
(expressed in ohms).

When a circuit has resistance, capacitive
reactance, and inductive reactance in series,
the effective total opposition to the alternat-
ing current flow is known as the impedance
of the circuit. Stated otherwise, impedance
of a circuit is the vector sum of the resistance
and the difference between the two reactances.

Z=vrr+ (Xv—X)or

I

Z= 4+ 27fL —

27rfC

where Z = impedance in ohms,
r = resistance in ohms,
X, = inductive reactance
(2#fL) in ohms,

I

X. = capacitive reactance
27rfC
in ohms,

An example will serve to clarify the rela-
tionship of resistance and reactance to the
total impedance. If a 10-henry choke, a 2-ufd.
condenser, and a resistance of 10 ohms (which
is represented by the d.c. resistance of the

choke) are all connected in series across a
6o-cycle source of voltage:

for reactance X;, = 6.28 X 60 X 10 = 3,750
ohms (approx.),
1,000,000
Xe = ————— = 1,300 Oohms
6.28 X 60 X 2 (approx.).
r = 10 ochms

Substituting these values in the impedance
equation:

Z = \/ 10"+ (3750 — 1300)% = 2350 ohms.

This is nearly 250 times the value of the
d.c. resistance of 10 ohms. The subject of im-
pedance is more fully covered under Resonant
Circuits,

Resonant Circuits

The reader is advised to review at this point
the subject matter on inductance, capacity,
and alternating current. in order that he may
gain a complete understanding of the action of
resonant circuits, Once the basic conception
of the foregoing has been mastered, the more
complex circuits in which they appear in com-
bination will present no great problem.

Figure 25 shows an inductance. a capaci-
tance. and a resistance arranged in series. with
a variable frequency source. E, of a.c. applied
across the combination.

Some resistance is always present in a cir-
cuit because it is possessed in some degree by
both the inductance and capacitor. If the fre-
quency of the alternator E is varied from
nearly zero to some high frequency. there will
be one particular frequency at which the in-
ductive reactance and capacitive reactance will
be equal. This is known as the resonant fre-
quency, and in a series circuit it is the fre-
quency at which the circuit current will be a
maximum. Such series resonant circuits are
chiefly used when it is desirable to allow a
certain frequency to pass through the circuit
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Figure 25,
Schematic of a series-resonant circuit
containing resistance.

(low impedance to this frequency), while at
the same time the circuit is made to offer con-
siderable opposition to currents of other fre-
quencies.

If the values of inductance and capacity
both are fixed, there will be only one resonant
frequency.

For mechanical reasons, it is more common
to change the capacitance rather than the in-
ductance when a circuit is tuned, vet the in-
ductance can be made variable if desired.

In the following table there are five radically
different ratios of L to C (inductance to capaci-
tance) each of which satisfies the resonant con-
dition, X1, = X¢. When the frequency is con-
stant, L must increase and C must decrease in
order to give equal reactance. Figure 26 shows
how the two reactances change with frequency;
this illustration will greatly aid in clarifying
this discussion.

If both the inductance and capacitance are
made variable, the circuit may then be changed
or tuned, so that a number of combinations of
inductance and capacitance can resonate at
the same frequency. This can be more easily
understood when one considers that inductive
reactance and capacitive reactance travel in
opposite directions as the frequency is changed.
For example, if the frequency were to remain
constant and the values of inductance and

w
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Figure 26.

Variation in reactance and impedance of
a series resonant circuit with changing
frequency.

capacitance were then changed, the following
combinations would have equal reactance:

Frequency is constant at 6o cycles.

L is expressed in henrys.

C is cxpressed in microfarads (.ooooo1
farad.)

L Xe. C Xo
.265 100 20.3 100
2.65 1,000 2.63 1,000
20.5 10,000 .265 10,000
265.00 100,000 0263 100,000
2,650.00 1,000,000 .0026 1,000,000

Frequency of Resonance. From the for-

mula for resonance,

I
2qfL. = ——, the resonant frequency
21rfC

can readily be solved. In order to isolate f on
one side of the equation, merely multiply both
sides by 2rf, thus giving:
I
4m?lPL = —.
G

Divided by the quantity 4x°L, the result is:

I
f2 =

41rzLC.
Then, by taking the square root of both
sides:

I
fo=
21r\/LC
where f = frequency in cycles,
L = inductance in henrys,
C = capacity in farads.

It is more convenient to express L and C
in smaller units, especially in making radio-
frequency calculations; f can also be expressed
in megacycles or kilocycles. A very useful
group of such formulas is:

25,330 25,330 25,330
orL = orC =
LC f2C L

where { = frequency in megacycles,
L = inductance in microhenrys,
C = capacity in micromicrofarads.

f2 =

In order to clarify the original formula,

I

f = ————, take two values of inductance
21r\/LC

and capacitance from the previously given

chart and substitute these in the formula. It
was stated that the frequency is 6o cycles;
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Figure 27.

Resonance curve showing the effect of
resistance upon the selectivity of a tuned
circuit.

therefore f = 60. Substituting these values to
check the frequency:

1 1
6o = —; 3600 = ————;
27ry/LC 4m*LC
1
L =
3600 X 47 X 000026
L =o.27

The significant point here is that the for-
mula calls for C in farads, whereas the capac-
ity was actually in microfarads. Recalling that
one microfarad equals .oocoo1 farad, it is,
therefore, possible to express 26 microfarads
as .000026 farads. This consideration is often
overlooked when computing for frequency and
capacitive reactance because capacitance is ex-
pressed in a totally impractical unit, viz: the
farad.

Impedance of Series Resonant Circuits.
The impedance across the terminals of a series
resonant circuit (Figure 25) is:

Z = v rt+ (X. —X0)?3

where Z impedance in ohms,
r resistance in ohms,
X = capacitive reactance in ohms,
X, = inductive reactance in ohms.

From this equation, it can be seen that the
impedance is equal to the vector sum of the
circuit resistance and the difference between
the two reactances. Since at the resonant fre-
quency X; equals N. the difference between
them (Figure 26) is obviously zero so that at
resonance the impedance is simply equal to
the resistance of the circuit; therefore, because
the resistance of most normal radio-frequency

circuits is of a very low order, the impedance
is also low.

At frequencies higher and lower than the
resonant frequency, the difference between the
reactances will be a definite quantity and will
add with the resistance to make the imped-
ance higher and higher as the circuit is tuned
off the resonant frequency.

Current and Voltage in Series Resonant
Circuits. Formulas for calculating currents
and voltages in a series resonant circuit are
similar to those of Ohm’s law.

E=17
The complete equations:

E
1=

Vot 4 (X, — Xe)?

E=1VEF+ (Xe - Xo)?

Inspection of the above formulas will show
the following to apply to series resonant cir-
cuits: When the impedance is low, the current
will be high; conversely, when the impedance
is high, the current will be low.

Since it is known that the impedance will be
very low at the resonant frequency, it follows
that the current will be a maximum at this
point. If a graph is plotted of the current
against the frequency either side of resonance,
the resultant curve becomes what is known as
a resonance curve. Such a curve is shown in
Figure 27.

Several factors will have an effect on the
shape of this resonance curve, of which resist-
ance and L-to-C ratio are the important con-
siderations. The curves B and C in Figure 27
show the effect of adding increasing values of
resistance to the circuit. It will be seen that
the peaks become less and less prominent as
the resistance is increased; thus, it can be said
that the selectivity of the circuit is thercby de-
creased. Selectivity in this case can be defined
as the ability of a circuit to discriminate
against frequencies adjacent to the resonant
frequency.

Voltage Across Coil and Condenser in
Series Circuit. Because the a.c. or r.f. volt-
age across a coil and condenser is proportional
to the reactance (for a given current), the
actual voltages across the coil and across the
condenser may be many times greater than the
terminal voltage of the circuit. Furthermore,
since the individual reactances can be very
high. the voltage across the condenser, for ex-
ample. may be high enough to cause flashover,
even though the applied voltage is of a value
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A The Q of a condenser ordinarily is much
Ao higher than that of the best coil. Therefore, it
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Figure 28.

The parallel resonant (anti-resonant)
tank circuit. L and C comprise the reac-
tive elements of the tank and R indicates
the initial r.f. resistance of the com-
ponents. M, indicates what is called the
“line current” or the current that keeps
the tank in a state of oscillation. M in-
dicates the “tank current” or the amount
of current circulating through the ele-
ments of the tank.

considerably below that at which the con-
denser is rated.

Circuit Q—Sharpness of Resonance. An
extremely important property of a capacitance
or an inductance is its factor-of-merit, more
generally called its Q. It is this factor, Q.
which primarily determines the sharpness of
resonance of a tuned circuit. This factor can
be expressed as the ratio of the reactance to
the resistance, as follows:

21rfL

R

where R = total d.c. and r.f. resistances.

The actual resistance in a wire or inductance
can be far greater than the d.c. value when
the coil is used in a radio-frequency circuit;
this is because the current does not travel
through the entire cross-section of the conduc-
tor, but has a tendency to travel closer and
closer to the surface of the wire as the fre-
quency is increased. This is known as the
skin effect.

The actual current-carrying portion of the
wire is decreased. therefore. and the resistance
is increased. This effect becomes even more
pronounced in square or rectangular conduc-
tors because the principal path of current flow
tends to work outwardly toward the four edges
of the wire.

Examination of the equation for Q may give
rise to the thought that even though the re-
sistance becomes greater with frequency, the
inductive reactance does likewise, and that the
Q might be a constant. In actual practice,
however, this is true only at very low fre-
quencies; the resistance usually increases more
rapidly with frequency than does the reactance,
with the result that Q normally decreases with
increasing frequency.

usually is the merit of the coil that limits the
overall Q of the circuit.

Parallel Resonance. In radio circuits, par-
allel resonance (more correctly termed anti-
resonance) is more frequently encountered
than series resonance; in fact, it is the basic
foundation of receiver and transmitter circuit
operation. A circuit is shown in Figure 28.

The “Tank” Circuit. In this circuit, as
contrasted with a circuit for series resonance,
L (inductance) and C (capacitance) are con-
nected in parallel, yet the combination can be
considered to be in series with the remainder
of the circuit. This combination of L and C.
in conjunction with R, the resistance which
is principally included in L, is sometimes called
a tank circuit because it effectively functions
as a storage tank when incorporated in vacuum
tube circuits.

Contrasted with series resonance, there are
two kinds of current which must be considered
in a parallel resonant circuit: (1) the line cur-
rent, as read on the indicating meter M, (2)
the circulating current which flows within the
parallel L-C-R portion of the circuit. See
Figure 28.

At the resonant frequency, the line current
(as read on the meter M,) will drop to a very
low value although the circulating current in
the L-C circuit may be quite large. It is this
line current that is read by the milliammeter
in the plate circuit of an amplifier or oscil-
lator stage of a radio transmitter, and it is
because of this that the meter shows a sudden
dip as the circuit is tuned through its resonant
frequency. The current is, therefore, a mini-
mum when a parallel resonant circuit is tuned
to resonance. although the impedance is a
maximum at this same point. It is interesting
to note that the parallel resonant circuit acts
in a distinctly opposite manner to that of a
series resonant circuit. in which the current is
at a maximum and the impedance is minimum
at resonance. It is for this reason that in a
parallel resonant circuit the principal consider-
ation is one of impedance rather than current.
It is also significant that the impedance curve
for parallel circuits is very nearly identical to
that of the current curve for series resonance.
The impedance at resonance is expressed as:

(21rfL)2

R

where Z = impedance in ohms.
L = inductance in henrys,
f = frequency in cycles,
R = resistance in ohms,
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Or, impedance can be expressed as a func-
tion of Q as:

Z = 24fLQ,

showing that the impedance of a circuit is di-
rectly proportional to its Q at resonance.

The curves illustrated in Figure 27 can be
applied to parallel resonance in addition to the
purpose for which they are illustrated.

Reference to the impedance curve will show
that the effect of adding resistance to the cir-
cuit will result in both a broadening out and
a lowering of the peak of the curve. Since the
voltage of the circuit is directly proportional
to the impedance. and since it is this voltage
that is applied to the grid of the vacuum tube
in a detector or amplifier circuit. the imped-
ance curve must have a sharp peak in order for
the circuit to be selective. If the curve is
broad-topped in shape. both the desired signal
and the interfering signals at close proximity
to resonance will give nearly equal voltages on
the grid of the tube, and the circuit will then
be non-selective; i.e., it will tune broadly.

Effect of L/C Ratio in Parallel Circuits.
Tn order that the highest possible voltage can
be developed across a parallel resonant circuit,
the impedance of this circuit must be very
high. The impedance will be greater when the
ratio of inductance-to-capacitance is great. that
1s, when L is large as compared with C. When
the resistance of the circuit is very low. X,
will equal X, at maximum impedance. There
are innumerable ratios of L and C that will
have cqual reactance. at a given resonant fre-
quency, exactly as is the case in a series reso-
nant circuit.

In practice. where a certain value of induc-
tance is tuned by a variable capacitance over a
fairly wide range in frequency. the L/C ratio
will be small at the lowest frequency and large
at the high-frequency end. The circuit. there-
fore, will have unequal gain and selectivity at
the two ends of the band of frequencies which
is being tuned. Tncreasing the Q of the circuit
{lowering the series resistance) will obviously
increase both the selectivity and gain.

Circulating Tank Current at Resonance.
The Q of a circuit has a definite bearing on the
circulating tank current at resonance. This
tank current is very nearly the value of the
line current multiplied by the circuit Q. For
example: an r.f. line current of 0.050 amperes,
with a circuit Q of 100. will give a circulating
tank current of approximately s amperes.
From this it can be seen that the inductance
and connecting wires in a circuit with a high Q
must be of very low resistance. particularly
in the case of high power transmitters. if heat
losses are to be held to a minimum.

Because the voltage across the tank at reso-

nance is determined by the Q, it is possible to
develop very high peak voltages across a high
Q) tank with but little line current. The high
voltage is a result of the heavy circulating
current through the tank reactances when the
Q is high.

Effect of Coupling on Impedance. If a
parallel resonant circuit is coupled to another
circuit, such as an antenna output circuit, the
impedance of the parallel circuit is decreased
as the coupling becomes closer. The effect of
closer (tighter) coupling is the same as though
an actual resistance were added to the parallel
circuit. The resistance thus coupled into the
tank circuit can be considered as being re-
flected from the output or load circuit to the
driver circuit.

If the load across the parallel resonant tank
circuit is purely resistive. just as it might be
if a resistor were shunted across the whole
tank inductance. the load will not disturb the
resonant setting. If. on the other hand, the
load is reactive, as it could be with too-long
or too-short antenna for the resonant fre-
quency, the setting of the tank tuning con-
denser will have to be changed in order to
restore resonance.

Tank Circuit Flywheel Effect.  When the
plate circuit of a class B or class C operated
tube (defined in the following chapter) is con-
nected to a parallel resonant circuit, the plate
current serves to maintain this L/C circuit in
a state of oscillation. Tf an initial impulse is
applied across the terminals of a parallel reso-
nant circuit. the condenser will become charged
when one set of plates assumes a positive
polarity. the other set a negative polarity. The
condenser will then discharge through the in-
ductance; the current thus flowing will cut
across the turns of the inductance and cause a
counter e.n.f. to be set up. charging the con-
denser in the opposite direction.

In this manner. an alternating current is set
up within the L/C circuit and the oscillation
would continue indefinitely with the condenser
charging. discharging and charging again if it
were not for the fact that the circuit possesses
<ome resistance. The effect of this resistance
is to dissipate some energy ecach time the cur-
rent flows from inductance to condenser and
back, so that the amplitude of the oscillation
grows weaker and weaker. eventually dying
out completely,

The frequency of the initial oscillation is
dependent upon the L/C constants of the cir-
cutt. If energy is applied in short spurts or
pushes at just the right moments. the L/C
circuit can be maintained in a constant oscil-
latory state. The plate current pulses from
class B and class C amplifiers supply just the
desired kind of kicks.
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Figure 29.
The reflected impedance Zp varies directly
in proportion to Z, and in proportion
to the square of the turns ratio.

Whereas the class B plate current pulses
supply a kick for a longer period. the short
pulses from the class C amplifier give a pulse
of very high amplitude, thus being even more
effective in maintaining oscillation. So it is
that the positive half cyvcle in the tank circuit
will be reinforced by a plate current kick, but
since the plate current of the tube only flows
during a half cycle or less, the missing half
cycle in the tank circuit must be supplied by
the discharge of the condenser.

Since the amplitude of this half-cycle will
depend upon the charge on the plates of the
condenser, and since this in turn will depend
upon the capacitance. the value of capacitance
in use is very important. Particularly is this
true if a distorted wave shape is to be avoided,
as would be the case when a transmitter is
being modulated. The foregoing applies par-
ticularly to single-ended amplifiers. If push-
pull were emploved, the negative half-cycle
would secure an additional kick. thereby
greatly lessening the necessity of the use of
higher C in the L/C circuit in order to main-
tain sufficient Q (for a given load resistance).

Impedance Matching: Impedance, Volt-
age, and Turns Ratio. A fundamental law
of electricity is that the maximum transfer of
energy results when the impedance of the load
is equal to the impedance of the driver. Al-
though this law holds true. it is not necessarily
a desirable one for every condition or purpose.
In many cases. where a vacuum tube works
into a parallel resonant circuit load. it is de-
sirable to have the load impedance consider-
ably higher than the tube plate impedance. so
the maximum power will be dissipated by the
load rather than in the tube.

Often a vacuum tube circuit requires that
the plate impedance of a driver circuit he
“matched” to the grid impedance of the tube
being driven. When the driven tube operates
in such a condition that it draws grid current.
such as in all transmitter r.f. amplifier circuits,
the grid impedance may well be lower than the
plate tank impedance of the driver stage. In
this case it hecomes necessary to tap down
on the driver tank coil in order to select the
proper number of turns that will give the de-
sired impedance. If the desired working load

impedance of the driver stage is 10,000 ohms,
for example, and if the tank coil has 20 turns.
the grid impedance of the driven stage being
5000 ohms, it is evident that there will be
required a step-down impedance ratio of

10.000 .
or 2-to-1. This impedance value is not

5000
secured when the driver inductance is tapped
at the center. It is of importance to stress
the fact that the impedance is decreased four
times when the number of turns on the tank
coil is halved. The following equations show
this fact:

N] / Zl N["’ Zl
SN or =—
N. N Z N,? 7
AW
where —-— = turns ratio,
N
Z,

—— = impedance ratio.
Z,

In the foregoing example, a step-down
impedance ratio of 2-to-1 would require a
turns step-down ratio of the square root of
the impedance, or 1.41. Therefore. if the in-
ductance has 20 turns, a tap would be taken
on the sixth turn down from the hot end, or
14 turns up from the cold end. This is ar-
rived at by taking the resultant for the turns
ratio, i.e.. 1.41, and then dividing it into the
total number of turns. as follows:

20

= (14 approx.).
1.41

Either an impedance step-up or step-down
ratio can be secured from a parallel resonant
circuit. One type of antenna impedance
matching device utilizes this principle. Here.
however, two condensers are effectively in
series across the inductance: one has quite a
high capacitance (500 pufd.), the other is a
conventional size condenser used principally
to restore resonance. The theory of the device
is simply that the impedance is proportional
to the reactances of the condensers, and, by
changing the ratio of the two. the antenna
is effectivelv connected into the tank circuit
at impedance points which reach higher or
lower values as the ratio of the condensers is
changed.

As the impedance step-down ratio becomes
larger. the voltage step-down becomes corre-
spondingly great. Such a condition takes place
when a resonant circuit is tapped down for
reasons of impedance matching; the wvoltage
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will be stepped down in direct proportion to
the turn step-down ratio. The reverse holds
true for step-up ratios. As the step-up ratio
is increased, the voltage is increased.

The foregoing discussion ignores the effect
of leakage reactance, or, in other words, the
fact that there is not perfect coupling between
different parts of the coil. However, in the case
of a well designed coil, the effects are not large.
and may be ignored for this discussion.

Transformers

When two coils are placed in such inductive
relation to each other that the lines of force
from one cut across the turns of the other
and induce a voltage in so doing, the combi-
nation can be called a transformer. The name
is derived from the fact that energy is trans-
formed from one voltage into another. The in-
ductance in which the original flux is pro-
duced is called the primary; the inductance
which receives the induced voltage is called
the secondary. In a radio receiver power
transformer, for example, the coil through
which the 110-volt a.c. passes is the primary,
and the coil from which a higher or lower
voltage than the a.c. line potential is obtained
is the secondary.

Transformers can have either air or mag-
netic cores, depending upon whether they are
to be operated at radio or audio frequencies.
The reader should thoroughly impress upon
his mind the fact that current can be trans-
ferred from one circuit to another only if the
primary current is changing or alternating.
From this it can be seen that a power trans-
former cannot possibly function as such when
the primary is supplied with non-pulsating
d.c.

A power transformer usually has a mag-
netic core which consists of laminations of
iron, built up into a square or rectangular
form, with a center opening or window. The
secondary windings may be several in num-
ber, each perhaps delivering a different volt-
age. The secondary voltages will be propor-
tional to the number of turns and to the pri-
mary voltage. *

If a primary winding has an a.c. potential
of 110 volts applied to 220 turns of wire on
the primary, it is evident that this winding
will have 2 turns per volt. A secondary wind-
ing of 10 turns, wound on an adjacent leg of
the transformer core. would have a potential
of 5 volts. If the secondarv winding has 300
turns, the potential would be 250 volts, etc.
Thus, a transformer can be designed to have
either a step-up or step-down ratio, or both
simultaneously. The same applies to air core
transformers for radio-frequency circuits.

Transformer Action. Transformers are
used in alternating current circuits to trans-
fer power at one voltage and impedance to
another circuit at another voltage and im-
pedance. There are three main classifications
of transformers: those made for use in power-
frequency circuits (25. 50. and 60 cycles),
those made for use at radio frequencies, and
those made for audio-frequency applications.
Power transformers will be discussed in the
section devoted to Power Supplies, and r.f.
transformers are analyzed later on in this chap-
ter; a few of the pertinent facts concerning
audio transformers will be covered in the fol-
lowing paragraphs.

Impedance Matching in Audio Circuits,
In most audio applications it will be the func-
tion of the audio transformer to match the
impedance of the plate circuit of a vacuum-
tube amplifier to a load circuit of a different
impedance. The information given under the
paragraph headed /mpedance Matching is very
casily applied to this type of calculation.

In all audio-frequency circuit applications,
it is only necessary to refer to the tube tables
in this book in order to find the recommended
load impedance for a given tube and a given
set of operating conditions. For example,
the table shows that a type 42 pentode tube
requires a load impedance of 7000 ohms. Au-
dio transformers are always rated for both
their primary and secondary impedance, which
means that the primary impedance will be of
the rated value only when the secondary is
terminated in its rated impedance.

If a 7o000-chm plate load is to work into
a 7-ohm loudspeaker voice coil. the imped-
ance ratio of the transformer would be

7000
—— = 1000-to-I.
7

will be the square root of 1000. or 31.6. This
does not mean that the primary will have only
31.6 turns of wire and only 1 turn on the
secondary. The primary must have a certain
inductance in order to offer a high impedance
to the lower audio frequencies. Consequently,
it must have a large number of turns of wire
in the primary winding. The ratio of total pri-
mary turns to total secondary turns must re-
main constant. regardless of the number of
turns in the primary if the correct primary
impedance is to be maintained.

To summarize. a certain transformer will
have a certain impedance ratio (determined
by the square of the turns ratio) which will
remain constant. If the transformer is ter-
minated with an impedance or resistance lower
than the original rated value. the reflected im-
pedance on the primary will also be lower

Hence, the turns-ratio
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Figure 30.

Schematic diagram of an auto-trans-
former showing the method of connecting
it to the line and to the load.

than the rated value. If the transformer is
terminated in an impedance kigher than rated,
the retlected primary impedance will be higher.

For push-pull amplifiers the recommended
primary impedance is stated as some certain
value, plate to plate; this refers to the imped-
ance of the total winding without considera-
tion of the center tap. The reflected imped-
ance across the total primary will follow the
same rules as previously given for single-
ended stages.

The voltage relationship in primary and
secondary is the same as the turns ratio. For
a step-down turns ratio of 10-to-1, the cor-
responding voltage step-down would be r1o-
to-1 though the impedance ratio would be
1oo-to-1. This information is useful when it
is desired to convert the turns ratios given on
certain types of driver transformers into im-
pedance ratios.

The same type of reasoning and subse-
quent calculation would be used in determin-
ing the turns ratio for a modulation trans-
former to couple a certain pair of class B
modulators to a class C final amplifier. The
recommended plate-to-plate load impedance
for the modulator tubes can be obtained from
the tube tables given later on. The final
amplifier load resistance is then determined
by dividing its plate voltage by the plate cur-
rent at which it is to operate. The turns
ratio of the modulation transformer is then
equal to the square root of the ratio between
the modulator load impedance and the ampli-
fier load resistance; the transformer may be
cither step-up or step-down, as the case may
be.

The Auto Transformer. The type of
transformer in Figure 30, when wound with
heavy wire over an iron core, is a common
device in primary power circuits for the pur-
pose of increasing or decrcasing the line volt-
age. In effect. it is merely a continuous
winding with taps taken at various points
along the winding. the input voltage being
applied to the bottom and also to one tap
on the winding. If the output is taken from
this same tap. the voltage ratio will be 1-to-1;
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Figure 31.
Impedance step-up and step-down may
be obtained by utilizing the plate tank
circuit of a vacuum tube as an auto-
transformer.

i.e., the input voltage will be the same as the
output voltage. On the other hand, if the
output tap is moved down toward the common
terminal, there will be a step-down in the
turns ratio with a consequent step-down in
voltage.

The opposite holds true if the output ter-
minal is moved upward from the middle input
terminal; there will be a voltage step-up in
this case. The initial setting of the middle
input tap is chosen so that the number of
turns will have sufficient reactance to keep the
no-load primary current at a reasonably low
value.

In the same manner as voltage is stepped
up and down by changing the number of
turns in a winding, so can impedance be
stepped up or down. Figures31A shows an
application of this principle as applied to a
vacuum tube circuit which couples one cir-
cuit to another.

Assuming that the grid impedance may be
of a lower value than the plate tank imped-
ance (desired load impedance) of the preced-
ing stage, a step-down ratio will be necessary
in order to give maximum transfer of energy.
In B of Figure 31, the grid impedance is very
high as compared with the tank impedance of
the driver stage, and thus there is required a
step-up ratio to the grid. The driver plate is
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tapped down on its plate tank coil in order to
make this impedance step-up possible. A
driver tube with very low plate impedance
must be used if a good order of plate efficiency
is to be realized,

In C of Figure 31, the grid impedance very
closely approximates the desired plate load
impedance, and this connection is used when
no transformation is required.

o FARL

Figure 32.

Two commonly used types of inductive
coupling between radio-frequency circuits.

Inductive Coupling— The Radio-Fre-
quency Transformer. Inductive coupling is
often used when two circuits are to be coupled.
This method of coupling is shown in Figures
32A and 32B.

The two inductances are placed in such in-
ductive relation to each other that the lines
of force from the primary coil cut across the
turns of the secondary coil, thereby inducing
a voltage in the secondary. As in the case of
capacitive coupling, impedance transforma-
tion here again becomes of importance. If
two parallel tuned circuits are coupled very
closely together, the circuits can in reality be
overcoupled. This is illustrated by the curve
in Figure 33.

The dotted line, curve A, is the original
curve or that of the primary coil alone.
Curve B shows what takes place when two
circuits are overcoupled; the resonance curve
will kave a definite dip on the peak, or a
double hump. This principle of overcoupling
is advantageously utilized in bandpass circuits
where. as shown in C, the coupling is adjusted
to such a value as to reduce the peak of the
curve to a virtual flat top, with no dip in the
center as in B.

Some undesirable capacitive coupling may

AMPLITUDE

FREQUENCY

Figure 33.
Effect of coupling between circuits upon
the resonance curve. Curve A indicates
the curve when the circuits are under-
coupled, B is the curve resulting from
over-coupling, and C is the curve result-
ing from an intermediate value of

coupling.

result when circuits are closely or tightly
coupled; if this capacitive coupling is appre-
ciable, the tuning of the circuits will be af-
fected. The amount of capacitive coupling
can be reduced by so arranging the physical
shape of the inductances as to enable only a
minimum surface of one to be presented to
the other.

Another method of accomplishing the same
purpose is by electrical means. A curtain of
closely-spaced parallel wires or bars. connected
together only at one end. and with this end
connected to ground, will allow electromag-
netic coupling but not electrostatic coupling.
Such a device is called a Faraday screen.

Link Coupling. Still another method of
decreasing capacitive coupling is by means of
a coupling link circuit between two parallel
resonant circuits. The capacity of the cou-
pling link, with its 1 or 2 turns, is so small
as to be negligible. Also, one side of the link
is often grounded to reduce further any capaci-
tive coupling that may exist.

Link coupling is widely used in transmitter
circuits because it adapts itself so universally
and eliminates the need of a radio-frequency
choke, thereby reducing a source of loss. Link
coupling is veryv simple; it is diagrammed in
A and B of Figure 34.

In A of Figure 34. there is an impedance
step-down from the primary coil to the link
circuit. This means that the line which con-
nects the two links or loops will have a low
impedance and therefore can be carried over
a considerable distance without introduction
of appreciable loss. A similar link or loop
is at the output end of the line: this loop is
coupled to the grid tank of the driven stage.

Still another link coupling method is shown
in B of Figure 34. It is similar to that of A,
with the exception that the primary line is
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Figure 34.

Two types of link (inductive) coupling
and (C) unity coupling.

tapped on the coil. rather than being ter-
minated in a link or loop.

Unity Coupling. Another commonly used
type of coupling is that known as wnity cou-
pling, by reason of the fact that the turns ratio
between primary and secondary is 1-to-1. This
method of coupling is illustrated in C of Fig-
ure 34. Only one of the windings is tuned.
although the interwinding of the two coils
gives an effect in the untuned winding as
though it were actually tuned with a con-
denser.

Unity coupling is used in some types of
ultra-high-frequency circuits, although the
mechanical considerations are somewhat diff-
cult. The secondary, when serving as a grid
coil. is placed inside of a copper tubing coil;
the latter serves as the primary or plate coil.

Conduction of an Electric Current

So far this chapter has dealt only with the
conduction of current by a stream of electrons
through a conductor or by electrostatic cou-
pling through a capacitor. While this is the
most common method of transmission. there
are other types of conduction which are
equally important in their respective branches
of the field. An electric current may also be
transmitted by the motion of minute particles

of matter, by the motion of charged atoms
called ions, and by a stream of electrons in a
vacuum.

The carrying of current by charged par-
ticles, such as bits of dust, is only of academic
interest in radio. However, there is a com-
mercial process (called the Cottrell process)
which uses this type of conduction in indus-
trial dust precipitation. A highly charged
wire inside a grounded metal chamber is
placed so that the dust-laden tlue gases from
certain industrial processes (usually metal-
lurgic refining) must pass through the cham-
ber. The dust particles are first attracted to
the wire; there they attain a high electric
charge which causes them to be attracted to
the sides of the chamber where they are pre-
cipitated and subsequently collected. A small
electric current between the center electrode
and the chamber is the result of the carrying
of the charges by the dust particles.

Conduction by Ions, When a high enough
voltage is placed between two terminals in
air or any other gas. that gas will break down
suddenly, the resistance between the two points
will drop from an extremely high value to a
very low value, and a comparatively large
electric current will flow to the accompaniment
of an amount of visible light either as a flash.
an arc, a spark, or a colored discharge such as
is found in the “neon” sign. This type of con-
duction is due to gas ions which are generated
when the electric stress between the two points
becomes so great that electrons are torn from
the molecules of the gas with the production
of a quantity of positively charged gas ions
and negative electrons. The breakdown volt-
age for a particular gas is dependent upon the
pressure, the spacing of the electrodes, and
the type of electrodes.

Lightning, tank condenser flashovers. and
ignition sparks in an automobile are such dis-
charges that occur at atmospheric pressure
or above. However, the pressure of the gas is
usually reduced to facilitate the ease of break-
down of the gas, as in the “neon” sign.
mercury-vapor lamp, or voltage regulator
tubes such as the VR-150-30. If a heated fila-
ment is used as one electrode in the discharge
chamber, the breakdown voltage is further
reduced to a value called the ionization po-
tential of the gas. This principle is used in
the 866, the 83. and other mercury-vapor
rectifiers. Through the use of the heated
cathode, the break-down potential is reduced
from about 10,000 volts to approximately 13
volts and the conduction of electric current
is made unidirectional, enabling the discharge
chamber to be used as a rectifier. The appli-
cations of the principle of ionic conduction
in vacuum tubes (along with discussion of
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clectronic conduction) will be covered in more
detail in the chapter devoted to Vacuum Tube
Theory.

The emission of colored light which ac-
companies an electric discharge through a gas
is due to the re-combination of the ionized gas
molecules and the free electrons to form neu-
tral gas molecules. There is a definite color
spectrum which is characteristic of every gas
—and for that matter for every element when
it is in the gaseous state. For neon this color
is orange-red, for mercury it is blue-violet,
for sodium, almost pure yellow—and so on
through the list of the elements. This prin-
ciple is used in the spectroscopic identifica-
tion of elements by their characteristic lines
in the spectrum (called Fraunhéfer lines).

Electrolytic Conduction. Nearly all in-
organic chemical compounds (and a few or-
ganic ones of certain molecular structure)
when dissolved in water undergo a chemical-
electrical change known as electrolytic dis-
association which results in the production of
ions similar in certain properties to those
formed as a result of the electric breakdown
of a gas. For example, when sodium chlor-
ide or table salt is dissolved in water a cer-
tain percentage of it ionizes or breaks down
into positively charged sodium ions, or sodium
atoms with a deficiency of one clectron, and
negatively charged chloride ions, or chlorine
atoms with one ecxcess electron. Similarly,
sodium hydroxide disassociates into positive
sodium ions and negative hydroxyl ions—sul-
furic acid into positive hydrogen ions and
negative sulfate jons.

This solution of an ionized compound and
water renders the aqueous solution a con-
ductor of electricitv. (Water in the pure
form is a good insulator.) The conductivity
of the solution is proportional to the mobility
of the jons and to the quantity of them avail-
able in the solution. Maximum conductivity
is had not when there is a maximum of the
compound in solution but rather when there
is a maximum of ions in solution; this con-
dition is ordinarily obtained when neither
concentrated nor dilute but about midwayv be-
tween. Maximum conductivity in a sulfuric
acid solution as used in storage batteries is
obtained when there is about 30 per cent by
weight of the acid in solution in the water. It
is for this reason that acid of about 30 per
cent concentration is used as an electrolyte
in storage batteries.

Conduction of electricity through an elec-
trolyte, as a conducting solution is called. is
made possible by the mobility of the charged
ions in solution. When a positively and a
negatively charged wire are placed in an elec-
trolyte the negative ions are attracted to the

positive wire and the positive ions are at-
tracted to the negative wire. As the ions reach
the wire carrving the charge opposite to their
own, their excess or their deficiency of elec-
trons is neutralized by the respective deficiency
or excess of electrons on the wire, and the ion
changes from the ionic to the atomic or mo-
lecular state. If the ion happened to be that
of a metal such as copper, copper will be
plated upon the negative eclectrode that had
been placed into the solution; if the negative
ion was that of chlorine (the chloride ion),
then chlorine in the gaseous form will appear
at the positive electrode. The conduction of
an electric current through an electrolyte al-
ways results in a chemical change in the
clectrolyte. This fact is employed commer-
cially in electroplating and electrolytic refin-
ing processes.

The Primary Cell. If two dissimilar
metals are placed in an electrolyte a potential
difference will appear between the two mate-
rials. This postulate is employed commer-
cially in the primary cell, or “dry cell” as it
is somewhat incorrectly called.

The operation of the primary cell depends
upon the differences in the two electro-
chemical constants for the materials used as
the electrodes. With the zinc and carbon
used in the dry cell (with a paste containing
ammonium chloride as the electrolyte) the
potential is 1.53 volts. With other electro-
lytes and electrodes the potential output of
the cell varies from 0.7 to 2.5 volts.

When current is taken from a primary cell,
the negative electrode (usually the zinc con-
tainer) dissolves in the electrolyte with the
production of hydrogen gas. If only the posi-
tive and the negative electrodes and the elec-
trolyte were contained in the cell, this hydro-
gen gas would collect as a film on the surface
of the negative electrode. When this film does
form, the internal resistance of the cell in-
creases due to the insulating properties of the
film of gas. A cell is said to have become
“polarized” when this has taken place. To
reduce this effect. an oxidizing agent called a
“depolarizer” (manganese dioxide, in the case
of the dry cell) is incorporated into the elec-
trolyte. If current is taken from the cell at a
reasonable rate the depolarizer oxidizes the
hvdrogen into water as fast as it is formed.
This formation of water as a result of the
normal operation of the cell is one of the rea-
sons that a dry cell “sweats” when it is ap-
proaching the end of its useful life,

Dry cells and batteries of them are very
commonly employed in portable radio equip-
ment as hoth filament and plate supply, and
frequently as plate supply at locations where
there is no source of alternating current.
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Through recent improvements in cell manu-
facture and in the design of batteries of these
cells it is possible to make very lightweight
sources of a quite reasonable amount of power.
45-volt B batteries are available ranging in
weight from 16 pounds down to about 2 ounces.
The large sizes will stand current drain up to
about 75 ma. for a few hundred hours while
the smallest sizes will last only a few hours
with a drain of 1 or 2 milliamperes. Medium
sizes capable of producing 8 to 1o ma. for 100
hours or so are commonly used in radio-con-
trolled model aircraft and in the new portable
broadcast receivers.

The Secondary Cell—Storage Batteries.
The primary cell, as described in the preced-
ing paragraphs, produces its voltage as a
result of chemical action of the electrolyte on
one of the elements. When the material com-
prising the active element is used up, the cell
is no longer useful and must be discarded. The
secondary cell, on the other hand, is capable
of being recharged to its original energy con-
tent when it has been depleted.

There are two common types of secondary

cells: the Edison cell, which uses iron as the
negative pole and nickel oxide as the positive
in a 20 per cent solution of potassium hy-
droxide as the electrolyte; and the lead cell,
which uses lead as the negative pole and lead
dioxide as the positive pole in an clectrolyte
of 30 per cent sulfuric acid.

The Edison cell battery has longer life, and
generally will stand more abuse than a lead-
acid type battery. However, the lower cost of
the latter type battery makes it much more
widely used. The common automobile battery
is a lead-acid type battery. The lead-acid type
battery has a much lower internal resistance.
which makes it much more suitable where
heavy current must be delivered for a short
time.

When a storage battery is being discharged.
chemical energy is being converted into elec-
trical energy. When the battery is being
charged. by causing a reverse current to flow
between electrodes, electrical energy is being
converted to chemical energy. Actually, a bat-
tery cannot “store” electricity; only a con-
denser can do that.
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CHAPTER THREE

Vacuum-Tube Theory

’]:{E science of radio is based upon one

of the most versatile developments of the
twentieth century—the electron tube, or as it
is more commonly named, the vacuum tube.
It is the utilization of the unique characteris-
tics of the vacuum tube in various circuit ar-
rangements which makes possible modern radio
communication; for that matter, long distance
wire communication also owes its efficiency to
the versatility of the vacuum tube.

This chapter is divided into two main sec-
tions. The first is devoted to the basic theory
of the vacuum tube and to a discussion of the
various types of tubes which have been de-
veloped up to the present time. The second
part discusses the application of the vacuum
tube to the various circuit arrangements which
have been developed to utilize its character-
istics.

Brief History of the Vacuum Tube.
Thomas Edison is credited with the discovery
that an additional wire or plate placed inside
a lighted incandescent lamp would acquire a
negative charge of electricity. J. A. Fleming
undertook the study of the Edison Efiect in
1895, and as a result of his findings in 1904 he
patented the two-electrode tube or diode which
became known as the Fleming valve. Then, in
1906, Lee de Forest discovered that a third ele-
ment could be placed between the cathode and
plate to control the flow of electrons from
one to the other. This third element was called
a grid from its physical resemblance to the
grid or grate of a stove. The insertion of the
grid into the space between the cathode and
plate in the diode resulted in the most versatile
of vacuum tubes, the triode.

In recent times other elements or grids have
been added to the original triode to augment
the electron flow in a particular manner, or to
give a particular characteristic to the vacuum
tube. These later types have been called multi-
element tubes. The names for these multi-
clement tubes are obtained by adding the Greek
prefix for the number of elements to the root
-ode: diode, triode, tetrode, pentode, hexode,

53

and heptode respectively for tubes having two,
three, four, five, six, and seven elements.

MECHANICS OF THE
VACUUM TUBE

The original Edison discovery was that a
heated filament would give off electrons to a
cold plate in the same evacuated chamber. It
was later discovered that if the plate were
charged positively with respect to the filament,
a much larger proportion of the emitted elec-
trons would be attracted to the plate. But, if
the plate were charged negatively with respect
to the filament, the electron flow would stop.
This valve action meant that the vacuum tube
could be used as a rectifier since it would pass
current only in one direction. It is this rectify-
ing action of the diode which is used almost
universally for the production of direct current
from alternating current as supplied by the a.c.
mains.

Then, the discovery that additional elements
could be placed between the cathode and plate
to control the electron flow in any desired man-
ner resulted in the simultaneous development
of the vacuum tube and improvement of the
radio art to make use of the greater capabili-
ties of the improved tubes. In recent years,
however, the improvement of the art has com-
monly been first, with improved types of
vacuum tubes being developed as the need for
them arose.

Thermionic Emission. The free electrons
in any metal are continually in motion at all
temperatures. But at ordinary atmospheric
temperatures, these electrons do not have suf-
ficient energy to penetrate the surface of the
material. It is necessary that some form of ex-
ternal energy be supplied to the surface for
emission to take place. When this energy sup-
ply is in the form of heat, the result is called
thermionic emission; when the energy is in the
form of light it is called photo-emission. The
phenomena of photo-emission is applied in the
photo-electric tube, while thermionic emission
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supplies the electrons for the operation of the
vacuum tube.

In order that thermionic emission may take
place, it is necessary that the cathode or fila-
ment of the vacuum tube be heated to the
point where the free electrons in the emitter
have sufficient velocity to penetrate the sur-
face. The degree of temperature to which the
emitter must be heated varies greatly with the
type of emitter. Since there are several types
of emitters commonly found in present day
transmitting and receiving tubes, these will be
described separately.

Types of Emitters

Emitters as used in present-day vacuum
tubes may be classed into two groups: the di-
rectly heated or filament type, and the in-
directly heated or heater-cathode type.

Directly heated emitters may be further
subdivided into three important groups, all of
which are important and commonly used in
modern tubes. These classifications are: the
pure tungsten filament, the thoriated-tungsten
filament, and the oxide-coated filament.

The Pure Tungsten Filament. Pure tung-
sten wire was used as the filament in nearly
all the earlier transmitting and receiving tubes.
However, the thermionic efficiency of tungsten
wire as an emitter (the number of milliamperes
emission per watt of filament heating power)
is quite low, the filaments become fragile after
use, their life is rather short, and they are sus-
ceptible to burnout at any time. Pure tungsten
filaments must be run at bright white heat
(about 2500° Kelvin). For these reasons,
tungsten filaments have been replaced in all
applications where another type of filament
could be used. They are, however, still uni-
versally employed in most water-cooled tubes
and in certain large, high-power air-cooled
triodes where another filament type would be
unsuitable. Tungsten filaments are the most
satisfactory for high-power, high-voltage tubes
where the emitter is subjected to positive ion
bombardment due to the residual gas content
of the tubes. Tungsten is not adversely affected
by such bombardment.

The Thoriated-Tungsten Filament. In
the course of experiments made upon tungsten
emitters, it was found that filaments made
from tungsten having a small amount of
thoria (thorium oxide) as an impurity had
much greater emission than those made from
the pure metal. Subsequent improvements
have resulted in the highly efficient carburized
thoriated-tungsten filament as used in virtually
all medium-power transmitting tubes today.

Thoriated-tungsten emitters consist of a

tungsten wire containing about 1 per cent
thoria. The new filament is first carburized by
heating it to a high temperature in an atmos-
phere containing a hydrocarbon at reduced
pressure. Then the envelope is highly evacu-
ated and the filament is flashed for a minute or
two at about 2600° K before being burned at
2200° K for a longer period of time. The
flashing causes some of the thoria to be re-
duced by the carbon to metallic thorium. The
activating at a lower temperature allows the
thorium to diffuse to the surface of the wire
to form a layer of the metal one molecule
thick. It is this single-molecule layer of
thorium which reduces the work function of the
tungsten filament to such a value that the elec-
trons will be emitted from a thoriated filament
thousands of times more rapidly than from a
pure tungsten filament operated at the same
temperature.

The carburization of the tungsten surface
seems to form a layer of tungsten carbide
which holds the thorium layer much more
firmly than the plain tungsten surface. This
allows the filament to be operated at a higher
temperature, with consequent greater emis-
sion, for the same amount of thorium evapo-
ration. Thorium evaporation from the sur-
face is a natural consequence of the operation
of the thoriated-tungsten filament. The car-
burized layer on the tungsten wire plays an-
other role in acting as a reducing agent to
produce new thorium from the thoria to re-
place that lost by evaporation. This new tho-
rium continually diffuses to the surface during
the normal operation of the filament.

One thing to remember about any type of
filament, particularly the thoriated type, is
that the emitter deteriorates practically as fast
when “standing by” (no plate current) as it
does with any normal amount of emission load.
However. a thoriated filament may be either
temporarily or permanently damaged by
a heavy overload which may strip the sur-
face emitting layer of thorium from the
filament.

Reactivating Thoriated-Tungsten Fila-
ments. Thoriated-tungsten filaments (and
only thoriated-tungsten filaments) which have
gone “flat” as a result of insufficient filament
voltage, a severe temporary overload, a less
severe extended overload, or even normal op-
eration may quite frequently be reactivated to
their original characteristics by a process simi-
lar to that of the original activation. However,
only filaments which have been made by a
reputable manufacturer and which have not
approached too close to the end of their useful
life may be successfully reactivated. The fila-
ment found in certain makes of tubes may
often be reactivated three or four times before
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the filament will cease to operate as a thori-
ated emitter,

The actual process of reactivation is simple
enough and only requires a filament trans-
former with taps allowing voltage up to about
25 volts or so. The tube which has gone flat
is placed in a socket to which only the two
filament wires have been connected. The fila-
ment is then “flashed” for about 20 to 40
secconds at from 1} to 2 times normal rated
voltage. The filament will become extremely
bright during this time and, if there is still
some thoria left in the tungsten and if the
tube didn’t originally fail as a result of an
air leak, some of this thoria will be reduced
to metallic thorium. The filament is then
burned at 15 to 25 per cent overvoltage for
from 30 minutes to 3 to 4 hours to bring this
new thorium to the surface.

The tube should then be tested to see if it
shows signs of renewed life. 1f it does, but
is still weak, the burning process should be
continued at about 10 to 15 per cent overvolt-
age for a few more hours. This should bring
it back almost to normal. If the tube checks
still very low after the first attempt at reacti-
vation, the complete process can be repeated
as a last effort.

Thoriated-tungsten filaments are operated
at about 19oo® K or at a bright yellow heat.
A burnout at normal filament voltage is al-
most an unheard of occurrence. The ratings
placed upon tubes by the manufacturers are
figured for a life expectancy of 1000 hours.
Certain types of tubes may give much longer
life than this but the average transmitting
tube will give from 1000 to 5000 hours of
useful life.

The Oxide-Coated Filament. The most
efficient of all modern filaments is the oxide-
coated type which consists of a mixture of
barium and strontium oxides coated upon a
wire or strip usually consisting of a nickel alloy.
This type of filament operates at a dull-red
to orange-red temperature (1050° to 1170°
K) at which temperature it will emit large
quantities of clectrons. The oxide-coated fila-
ment is somewhat more efficient than the thori-
ated-tungsten type in small sizes and it is con-
siderably less expensive to manufacture. For
this reason all receiving tubes and quite a num-
ber of the low-powered transmitting tubes use
the oxide-coated filament. Another advantage
of the oxide-coated emitter is its extremely
long life—the average tube can be expected to
run from 3000 to 5000 hours, and when loaded
very lightly, tubes of this type have been
known to give 50,000 hours of life before their
characteristics changed to any great extent.

The oxide-coated filament does have the dis-
advantage, however, that it is unsuitable for

use in tubes which must withstand more than
about 600 volts of plate potential. Some years
back, transmitting tubes for operation up to
2000 volts were made with oxide-coated fila-
ments but they have been discontinued. Much
more satisfactory operation is obtainable at
medium plate potentials with thoriated fila-
ments.

Oxide filaments are unsatisfactory for use at
high plate voltages because: (1) their activity
is seriously impaired by the high temperature
necessary to de-gas the high-voltage tubes and.
(2) the positive ion bombardment which takes
place even in the best evacuated high-voltage
tube causes destruction of the oxide layer on
the surface of the filament.

Oxide-coated filaments operate by virtue
of a mono-molecular layer of alkaline-earth
metal (barium and strontium) which forms
on the surface of the oxide coating. Such fila-
ments do not require reactivation since there is
always sufficient reduction of the oxides and
diffusion of the metals to the surface of the fil-
ament to more than meet the emission needs of
the cathode.

Indirectly Heated Filaments—
The Heater Cathode

The heater type cathode was developed as
a result of the requirement for a type of emit-
ter which could be operated from alternating
current and yet would not introduce a.c. ripple
modulation even when used in low-level stages.
It consists essentially of a small nickel-alloy
cylinder with a coating of strontium and ba-
rium oxides on its surface similar to that used
on the oxide-coated filament. Inside the cylin-
der is an insulated heater element consisting
usually of a double spiral of tungsten wire.
The heater may operate on any voltage from 2
to 117 volts, although 6.3 is by far the most
common value. The heater is operated at quite
a high temperature so that the cathode itself
may be brought to operating temperature in a
matter of 15 to 30 seconds. Heat coupling be-
tween the heater and the cathode is mainly by
radiation, although there is some thermal con-
duction through the insulating coating on the
heater wire, as this coating is also in contact
with the cathode thimble.

Indirectly heated cathodes are employed
in all a.c. operated tubes which are designed
to operate at a low level either for r.f. or a.f.
use. However, some receiver power tubes use
heater cathodes (6L6, 616, 6F6, and 6B4G) as
do some of the low-power transmitter tubes
(802, 807, T21, and RK39). Heater cathodes
are employed exclusively when a number of
tubes are to be operated in series as in an a.c.-
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Figure 1.
CURVE SHOWING NUMBER OF
ELECTRONS REACHING THE
PLATE OF A DIODE PLOTTED
AS A FUNCTION OF THE PLATE
VOLTAGE.

It will be noticed that there is a small flow
of plate current even with zero voltage.
This initial flow can be stopped by a small
negative plate potential. As the plate
voltage is increased in a positive direction,
the plate current increases approximately
as the 3/2 power of the plate voltage
until the saturation point is reached. At
this point all the electrons being emitted
from the cathode are being attracted to
the anode.

d.c. receiver. A heater cathode is often called
a uni-potential cathode because there is no
voltage drop along its length as there is in the
filament-type cathode.

Types of Vacuum Tubes

1f a cathode capable of being heated either
indirectly or directly is placed in an evacuated
envelope along with a plate, such a two-
element vacuum tube is called a diode. The
diode is the simplest of all vacuum tubes and
is the fundamental type from which all the
others are derived; hence, the diode and its
characteristics will be discussed first.

Characteristics of the Diode. When the
cathode within a diode is heated, it will be
found that a few of the electrons leaving the
cathode will leave with sufficient velocity to
reach the plate. If the plate is electrically
connected back to the cathode, the electrons
which have had sufficient velocity to arrive
at the plate will flow back to the cathode
through the external circuit. This small
amount of initial plate current is an effect
found in all two-element vacuum tubes.

1f a battery or other source of d.c. voltage
is placed in the external circuit between the
plate and cathode so that the battery voltage
places a positive potential on the plate, the
flow of current from the cathode to plate will

Figure 2.

ILLUSTRATING THE SPACE
CHARGE EFFECT IN A DIODE.

(A) shows the space charge existing in
the vicinity of the cathode with zero or a
small amount of plate voltage. A few
high-velocity electrons will reach the plate
to give a small plate current even with no
plate voltage. (B) shows how the space
charge is neutralized and all the electrons
emitted by the cathode are attracted to the
plate with a battery sufficient to cause
saturation plate current.

be increased. This is due to the strong at-
traction offered by the positively charged
plate for any negatively charged particies. If
the positive potential on the plate is increased,
the flow of electrons between the cathode and
plate will also increase up to the point of
saturation. Saturation current flows when all
of the clectrons leaving the cathode are at-
tracted to the plate, and no increase in plate
voltage can increase the number of electrons
being attracted.

The Space Charge Effect. As a cathode
is heated so that it begins to emit, those elec-
trons which have been discharged into the
surrounding space form in the immediate
vicinity of the cathode a negative charge which
acts to repel those electrons which normally
would be emitted were the charge not present.
This cloud of electrons around the cathode is
called the space charge. The electrons com-
prising the charge are continuously changing,
since those electrons making up the original
charge fall back into the cathode and are
replaced by others emitted by it.

The effect of the space charge is to make
the current through the tube variable with
respect to the plate-to-cathode drop across it.
As the plate voltage is increased, the positive
charge of the plate tends to neutralize the
negative space charge in the vicinity of the
cathode. This neutralizing action upon the
space charge by the increased plate voltage
allows a greater number of electrons to be
emitted from the cathode which, obviously,
causes a greater plate current to flow. When
the point is reached at which the space charge
around the cathode is neutralized completely,
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all the electrons that the cathode is capable of
emitting are being attracted to the plate and
the tube is said to have reached saturation
plate current as mentioned above.

Insertion of a Grid—The Triode. If an
element consisting of a mesh or spiral of wire
is inserted concentric with the plate and be-
tween the plate and the cathode, such an ele-
ment will be able to control by electrostatic
action the cathode-to-plate current of the tube.
The new element is called a grid, and a vacuum
tube containing a cathode, grid, and plate is
commonly called a triode.

If this new element through which the elec-
trons must pass in their course from cathode
to plate is made negative with respect to the
cathode, the negative charge on this grid will
effectively repel the negatively charged elec-
trons (like charges repel; unlike charges at-
tract) back into the space charge surrounding
the cathode. Hence, the number of electrons
which are able to pass through the grid mesh
and reach the plate will be reduced, and the
plate current will be reduced accordingly. As
a matter of fact, if the charge on the grid is
made sufficiently negative, all the electrons
leaving the cathode will be repelled back to it
and the plate current will be reduced to zero.
Any d.c. voltage placed upon a grid is called a
bias (especially so when speaking of a control
grid). Hence, the smallest negative voltage
which will cause cutoff of plate current with a
particular plate voltage is called the value of
cutoff bias.

Figure 3 illustrates an analogy of the method
in which the number of electrons flowing to
the plate is controlled by the grid bias. Figure
4 graphically shows essentially the same in-
formation as shown in Figure 3; i.e., the man-
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Figure 4.

PLATE CURRENT PLOTTED

AGAINST GRID VOLTAGE,

WITH CONSTANT PLATE
VOLTAGE.

For values of grid bias between those
which give plate current cutoff and plate
current saturation, the value of plate cur-
rent varies more or less linearly with re-
spect to changes in grid voltage.

ner in which the plate current of a typical
triode will vary with different values of grid
bias. Figure 4 also shows graphically the cut-
off point, the approximately linear relation be-
tween grid bias and plate current over the
operating range of the tube, and the point of
plate current saturation. However, the point of
plate current saturation comes at a different
position with a triode as compared to a diode.
Plate current non-linearity or saturation may
begin either at the point where the full emis-
sion capabilities of the filament have been
reached, or at the point where the positive grid
voltage begins to approach the positive plate
voltage.
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Figure 3.
ANALOGY OF THE ACTION OF THE GRID IN A TRIODE.

(A) shows the tube with cutoff bias on the grid. Note that all the electrons emitted by the
cathode remain inside the grid mesh. (B) shows the same tube with an intermediate value
of bias on the grid. Note the medium plate current and the fact that there is a reserve of
electrons remaining within the grid mesh. (C) shows the tube with a value of grid bias
(positive or negative) which allows virtually all the electrons emitted by the cathode to be
attracted to the plate. Saturation plate current is attained in this case.
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STATIC INTERELECTRODE CA-
PACITANCES WITHIN A TRIODE.

This latter point is commonly referred to as
the diode bend and is caused by the positive
voltage of the grid allowing it to rob from the
current stream electrons that would normally
go to the plate. When the plate voltage is low
with respect to that required for full current
from the cathode, the diode bend is reached
before plate current saturation. WWhen the
plate voltage is high. saturation is reached first.

From the above it can be seen that the grid
acts as a valve in controlling the electron tlow
from the cathode to the plate. As long as the
grid is kept negative with respect to the cath-
ode, only an extremely small amount of grid
energy is required to control a comparatively
large amount of plate power. Even if the grid
is operated in the positive region a portion of
the time, so that it will draw current, the grid
energy requirements are still very much less
than the energy controlled in the plate circuit.
It is for this reason that a vacuum tube is
commonly called a valve in Britain, Australia,
and Canada.

Interelectrode Capacitance. In the pre-
ceding chapter it was mentioned that two con-
ductors separated by a dielectric form a con-
denser, or that there is capacitance between
them. Since the electrodes in a vacuum tube
are conductors and they are separated by a
dielectric, vacuum, there is capacitance be-
tween them. Although the interelectrode ca-
pacitances are so small as to be of little conse-
quence in audio-frequency work, they are large
enough to be of considerable importance when
the tubes are operated at radio frequencies.

Figure 5 shows the interelectrode capaci-
tances of a triode as they appear to a circuit
in which the tube is operating. The static
capacitances are simply as shown in the draw-
ing, but when a vacuum tube is actually op-
erating as an amplifier there is another con-
sideration known as the AMiller effect which
causes the dynamic input capacitance to be
different from the static value. The output
capacitance of an amplifier is essentially the
same as the static value such as is given in the
tube tables. The grid-to-plate capacity is also
the same as the static value, but since the

C,, acts as a small condenser, coupling energy
back from the plate to the grid circuit, the
dynamic input capacitance is equal to the
static value plus an amount determined by the
gain of the stage and the grid-to-plate feed-
back capacity. Expressed as an equation:

C,: (dynamic) =C,, (static)+(M+1)Ce

where C,¢ and C,, are as given before, and M
is the stage gain.

In addition to the undesirable Miller effect.
whereby the input capacity of an amplifier is
increased by the grid-to-plate capacity, this C,.,
can also cause uncontrollable regeneration or
oscillation in radio frequency amplifiers. How-
ever, all the undesirable effects of the grid-to-
plate capacity can be balanced out by means
of a neutralizing circuit. These circuits are
discussed under Neutralization in the chapter
devoted to Transmitter Theory.

The Tetrode or Screen-Grid Tube. The
quest for a simpler and more easily usable
method of eliminating the effects of the grid-
to-plate capacity of the triode led to the de-
velopment of the screen-grid tube or fetrode.
When another grid is added between the grid
and plate of a vacuum tube the tube is called
a tetrode, and because the new grid is called
a screen, as a result of its screening or shield-
ing action, the tube is often called a screen-
grid tube. The interposed screen grid acts as
an electrostatic shield between the grid and
plate, with the consequence that the grid-to-
plate capacity is reduced. Although the screen
grid is maintained at a positive voltage with
respect to the cathode of the tube, it is main-
tained at ground potential with respect to r.f.
by means of a by-pass condenser of very low
reactance at the frequency of operation.

In addition to the shielding effect, the screen
grid serves another very useful purpose. Since
the screen is maintained at a positive potential.
it serves to increase or accelerate the flow of
electrons to the plate. There being large open-
ings in the screen mesh, most of the electrons
pass through it and on to the plate. Due also
to the screen, the plate current is largely inde-
pendent of plate voltage, thus making for high
amplification. When the screen voltage is held
at a constant value, it is possible to make large
changes in plate voltage without appreciably
affecting the plate current.

Secondary Emission; Pentodes. When
the electrons from the cathode approach the
plate with sufficient velocity, they dislodge
electrons upon striking the plate. This effect of
bombarding the plate with high velocity elec-
trons, with the consequent dislodgement of
other electrons from the plate, is known as
secondary emission. This effect can cause no
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particular difficulty in a triode tube because the
sccondary electrons so emitted are eventually
attracted back to the plate. In the screen-grid
tube, however, the screen is close to the plate
and is maintained at a positive potential. Thus,
the screen will attract these clectrons that have
been knocked from the plate, particularly when
the plate voltage falls to a lower value than the
screen voltage, with the result that the plate
current is lowered and the amplification is de-
creased.

This effect is eliminated when still another
clement is added between the screen and plate.
This additional element is called a suppressor,
and tubes in which it is used are called pen-
todes. The suppressor grid is sometimes con-
nected to cathode within the tube, sometimes
it is brought out to a connecting pin on the
tube base, but in any case it is established
negative with respect to the minimum plate
voltage. The secondary electrons that would
travel to the screen if there were no suppressor
are diverted back to the plate. The plate cur-
rent is, therefore, not reduced and the ampli-
fication possibilities are increased.

Pentodes for radio applications are designed
so that the suppressor increases the limits to
which the plate voltage may swing; therefore
the consequent power output and gain can be
very great. Pentodes for radio-frequency serv-
ice function in such a manner that the sup-
pressor allows high voltage gain, at the same
time permitting fairly high gain at low plate
voltage. This holds true even if the plate
voltage is the same or slightly lower than the
screen voltage.

Beam Power Tubes. A beam power tube
makes use of a new method for suppressing
secondary emission. In this tube there are
four electrodes: a cathode, a grid, a screen,
and a plate, so spaced and placed that second-
ary emission from the plate is suppressed with-
out actual power. Because of the manner in
which the electrodes are spaced, the electrons
which travel to the plate are slowed down
when the plate voltage is low, almost to zero
velocity in a certain region between screen and
plate. For this rcason the electrons form a
stationary cloud, a space charge. The effect of
this space charge is to repel secondary clec-
trons emitted from the plate and thus cause
them to return to the plate. In this way, sec-
ondary emission is suppressed.

Another feature of the beam power tube is
the low current drawn by the screen. The
screen and the grid are spiral wires wound so
that each turn in the screen is shaded from
the cathode by a grid turn. This alignment of
the screen and the grid causes the electrons to
travel in sheets between the turns of the screen
so that very few of them strike the screen it-

self. Because of the effective suppressor action
provided by the space charge, and because of
the low current drawn by the screen, the beam
power tube has the advantages of high power
output, high power sensitivity, and high effi-
ciency. The 6L6 is such a beam power tube, de-
signed for use in the power amplifier stages of
receivers and speech amplifiers or modulators.
Larger tubes employing the beam-power prin-
ciple are being made by various manufacturers
for use in the radio-frequency stages of trans-
mitters. These tubes feature extremely high
power sensitivity (a very small amount of
driving power is required for a large output ).
good plate efficiency, and freedom from the
requirement for neutralization. Notable among
these transmitting beam power tubes are the
T21 of Taylor, the 807, 814. and 813 of RCA
and G.E., and the HY-65, HY-67, and HY -69
of Hytron.

Television Amplifier Pentodes. There
was a need in television work, where extremely
wide bands of frequencies must be passed by
an amplifier, for vacuum tubes which would
give extremely high amplification and still have
comparatively low plate impedance and shunt
capacitances. This need led to the development
of the 1851, 6AB7, 6AC7, 1231, etc.—all of
which answer this requirement with slight in-
dividual variations. Through the use of a large
cathode and a very fine mesh grid spaced very
close to the cathode, it has been possible to
obtain in these pentodes amplification factors
of 6000 and above with transconductances of
5000 to 12.000. The true significance of thesc
figures can be grasped after the material in the
latter part of this chapter has been studied.

Pentagrid Converters. A pentagrid con-
verter is a multiple grid tube so designed that
the functions of superheterodyne oscillator and
mixer are combined in one tube. One of the
principal advantages of this type of tube in
superheterodyne circuits is that the coupling
between oscillator and mixer is automatically
accomplished; the oscillator elements effec-
tively modulate the electron stream and, in so
doing, the conversion conductance is high. The
principal disadvantage of these tubes lies in the
fact that they are not particularly suited for
operation at frequencies much above 20 Mc.
because of difficulties encountered in the os-
cillator section.

Special Purpose Mixer Tubes. Notable
among the special purpose multiple grid tubes
is the 6L7 heptode, used principally as a mixer
in superheterodyne circuits. This tube has five
grids: control grid, screens, suppressor and spe-
cial injection grid for oscillator input. Oscilla-
tor coupling to control grid and screen grid
circuits of ordinary pentodes is effective as far
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as mixing is concerned, but has the disadvan-
tage of considerable interaction between oscil-
lator and mixer.

The 6L7 has a special injection grid so
placed that it has reasonable effect on the
electron stream without the disadvantage of
interaction between the screen and control grid.
The principal disadvantage is that it requires
fairly high oscillator input in order to realize
its high conversion conductance. It may also
be used as an r.f. pentode amplifier.

The 6J8G and 6K8 are two tubes specifi-
cally designed for converter service. They con-
sist of a heptode mixer unit and a triode unit
in the same envelope, internally connected to
provide the proper injection for conversion
work. While both tubes function as a triode
oscillator feeding a heptode mixer, the method
of injection is different in the two tubes. In the
6J8G, the control grid of the oscillator is con-
nected internally to a special shielded injector
grid in the heptode section. In the 6K8, the
number one grid of the heptode is connected
internally to the control grid of the oscillator
triode.

Single-Ended Tubes. From the introduc-
tion of the screen-grid tube to the present time,
it has been standard practice to bring the con-
trol grid (or the no. 1 grid as it is called) of
all pentodes and tetrodes designed for radio
frequency amplifier use in receivers through
the top of the envelope. This practice was
started because it was much easier to shield
the input from the output circuit when one
was at the top and the other at the bottom of
the envelope. This was true both of the ele-
ments and of their associated circuits.

With the introduction of the octal-based
metal tube it became feasible to design and
manufacture high-gain r.f. amplifier and mixer
tubes with all the terminals brought out the
base. The metal envelope gives excellent shield-
ing of the elements from external fields, and
through the use of a small additional shield
inside the locating pin of the octal socket, the
diametrically opposite grid and plate pins of
the tubes are well shielded from each other. A
more or less complete line of tubes for ordi-
nary receiving service has been made available
in the single-ended type. The type numbers of
these tubes contain an S between the filament
voltage and the rating classification letter as:
6SA7, 65Q7. 12SK7, etc.

Another type of single-ended tube which has
come into prominent usage is the loctal group.
These loctal tubes are all glass with a metal
base and metal locating pin; the tube prongs
extend through the bottom of the glass enve-
lope and make direct connection to the ele-
ments of the tube. Due to the shortness and
directness of the leads to the elements, loctal

tubes are generally conceded to be the most
satisfactory type for high-frequency work. A
quite complete line for all ordinary receiving
purposes is now being manufactured in the loc-
tal type. The distinguishing feature of the
loctal tube numbers is the fact that these num-
bers start out with a 7 or a 14 instead of the
6 or 12 used in conventional receiving types,
as: 7A7, 7Cs, 14A7, etc. The heater voltage
ratings, however, are 6.3 or 12.6 volts as in the
other conventional types. Loctal tubes are also
made in the 1.4-volt series; these have a char-
acteristic number beginning with 1L such as:
1LA4, 1LAG, etc.

Dual Tubes. Some of the commonly
known vacuum tubes are in reality two tubes
in one, i.e., in a single glass or metal envelope.
Twin triodes, such as the types 53, 6A6. 65C7,
and 6N7 are examples. A disadvantage of these
twin-triode tubes for certain applications is the
fact that the cathodes of both tubes are
brought out to the same base pin.

Of a different nature are the 6H6 and 7A6
twin diodes and the 6F8G, 65N7-GT, 7F7, and
6C8G twin triodes. The cathodes of each of
these tubes are brought to a separate base pin
on the socket, thus making them true twin
tubes. Other types combine the functions of
a double diode and either low or high . triode
in the same envelope, as well as a similar com-
bination with a pentode instead of a triode.
Still other types combine a pentode and a
triode, a pentode and a power supply rec-
tifier, and electron-ray indicating tubes (magic
eyes) with their self-contained triode d.c. volt-
age amplifier.

Manufacturer’'s Tube Manuals. The
larger tube manufacturers offer at a nominal
cost, tube manuals which are very complete
and give much valuable data which, because
of space limitations, cannot be included in
this handbook. Those especially interested in
vacuum tubes are urged to purchase one of
these books as a supplementary reference.

APPLICATION AND OPERA-
TION OF THE VACUUM TUBE

The preceding section of this chapter has
been devoted to the general theory of vacuum
tubes and to the various forms in which they
commonly appear. The succeeding section will
be devoted to the application of the character-
istics and abilities of the vacuum tube to the
problems of amplification, oscillation, rectifica-
tion, detection, frequency conversion, and elec-
trical measurements.
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The Vacuum Tube as an Amplifier

The ability of a grid of a vacuum tube to
control large amounts of plate power with a
small amount of input energy allows the vac-
uum tube to be used as an amplifier. It is
the ability of the vacuum tube to amplify an
extremely small amount of energy up to almost
any amount without change in anything except
amplitude which makes the vacuum tube such
an extremely useful adjunct to modern indus-
try and communication.

The most important considerations of a
vacuum tube, aside from its power handling
ability (which will be treated later on), are
amplification factor, plate resistance, and mu-
tual conductance or transconductance.

Amplification Factor or Mu. The ampli-
fication factor or mu (x) of a vacuum tube
is the ratio of a change in plate voltage to
a change in grid voltage, either of which will
cause the same change in plate current. Ex-
pressed as a differential equation:

dE,
n= — I, = constant
dE,

The u can be determined experimentally by
making a slight change in the plate voltage,
thus slightly changing the plate current. The
plate current is then returned to its original
value by a change in grid voltage. The ratio
of the increment in plate voltage to the in-
crement in grid voltage is the p of the tube.
The foregoing assumes that the experiment is
conducted on the basis of rated voltages as
shown in the manufacturer’s tube tables.

Plate Resistance. The plate resistance of a
vacuum tube is the ratio of a change in plate
voltage to the change in plate current which
the voltage change produces. To be accurate,
the changes should be very small with respect
to the operating values. Expressed as an equa-
tion:

The plate resistance can also be determined
by the experiment mentioned above. By noting
the change in plate current as it occurs when
the plate voltage is changed, and by dividing
the latter by the former. the plate resistance
can then be determined. Plate resistance is ex-
pressed in ohms.

Transconductance. The mutual conduc-
tance, also referred to as transconductance, is
the ratio of the amplification factor () to the
plate resistance:

dE,
I dE,  dI,
G“ e e e
R, dE, dE,.
dr,

Transconductance is most commonly ex-
pressed in micro-reciprocal-ohms or microm-
hos. However, since transconductance expresses
change in plate current as a function of a
change in grid voltage, a tube is often said to
have a transconductance of so many milli-
amperes-per-volt. If the transconductance in
milliamperes-per-volt is multiplied by 1000 it
will then be expressed in micromhos. Thus the
transconductance of a 6A3 could be called
either 5.25 ma./volt or 5250 micromhos.

The transconductance is probably the most
important single characteristic of a vacuum
tube. It is often called the figure of merit be-
cause the Gy is an excellent indication of the
effectiveness of a tube as an amplifier and of
its power sensitivity—the greater the trans-
conductance, the greater will be the gain of an
r.f. amplifier, and the greater will be the power
output with a given grid voltage of a power
audio amplifier.

Gain per Stage. When a vacuum tube is
used as a resistance-coupled audio amplifier, it
is important to know in advance just how
much gain will be obtained from a particular
stage. The stage gain of a large number of
common vacuum tubes under various circuit
conditions is given in the RCA Receiving Tube
Manual (25¢ from RCA) and in other vacuum-
tube manuals. However, when it is desired to
know what a specific tube will do under certain
specified operating conditions, the following
two formulas will be of assistance—in either
case they will indicate the gain in voltage to be
expected from a stage at a medium audio fre-
quency in the vicinity of 1000 cycles. The
stage gain at extremely high and low frequen-
cies will be determined by the values of re-
sistance and capacitance making up the circuit.

L

R, + R,
where: , is the amplification factor of the tube

R, is the plate load resistance of the
stage

R, is the plate resistance of the tube.

Gain, pentode amplifier = G, R,,
where: Gy is the tube transconductance in
mhos (micromhos/10°%)

R, is the load resistance of the stage
and where the plate resistance of
the tube is large compared to the
load resistance.

Gain, triode amplifier =

www americanradiohistorv com


www.americanradiohistory.com

62 Vacuum Tube Theory

Jhe RADIO

As a practical example of the method of de-
termining the gain of a triode amplifier, sup-
pose we take the case of a 6Fs5 tube with a
plate resistance of 66,000 ohms and an ampli-
fication factor of 100 operating into a load
resistance of 50,000 ohms. The voltage ampli-
fication of the stage as calculated from the
above equation would be:

100 X 50,000

= 43
50,000 + 66,000

From the foregoing it is seen that an input
of 1 volt to the grid of the tube will give an
output of 43 volts (a.c.).

The calculation of the approximate gain of
a resistance-coupled pentode audio stage is
even more simple. Suppose the amplifier tube
is a 6SJ7 with a transconductance of 1600
micromhos (from the tube tables). This tube's
transconductance in mhros would be (taking off
6 decimal places) 0.0016 mhos. If the load
resistance of the tube is 100.000 ohms, the gain
would be (pointing ahead 5 places to multi-
ply 0.0016 by 100,000) 160.

Audio-Frequency Amplifiers

Amplifiers designed to operate at a low level
at radio, intermediate, and audio frequencies
are almost invariably of the class A type.
Higher level audio amplifiers can be of the
class A, class AB, or class B tvpe; these classi-
fications and their considerations will be con-
sidered first. The class B and class C amplifiers

Figure 6.
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as used for medium and high-level radio-
frequency work will be considered under
Radio-Frequency Amplifiers.

The Class A Amplifier. A class A ampli-
fier is, by definition. an amplifier in which the
grid bias and alternating grid voltages are such
that plate current in a specific tube flows at all
times. The output waveform from a class A
amplifier is a faithful reproduction of the ex-
citing a.c. voltage upon the grid. For the above
conditions to be the case it is necessary that
the grid bias, or the operating point, of the
amplifier be chosen with care to allow maxi-
mum output with minimum distortion.

Figure 6 shows the operating characteristic
of a typical triode vacuum tube. It will be
noticed that the curve of plate current with
varying grid voltage is quite lincar within cer-
tain limits—outside these limits it is no longer
a straight line. For an amplifier to be able to
put out a voltage waveform which is a faithful
reproduction of the input waveform, it is nec-
essary that the range over which the grid volt-
age will be varied shall give a linear variation
in plate current. Also, a class A amplifier must
not draw grid current; so the operating point
must be midway between the point of zero
grid bias and the point on the operating char-
acteristic where the curvature becomes notice-
able. Such a point has been chosen graphically
in Figure 6.

When the grid bias is varied around this
operating point, the fluctuation in grid poten-
tial results in a corresponding fluctuation in
plate current. When this current flows through
a suitable load device, it produces a varying
voltage drop which is a replica of the original
input voltage, although considerably greater in
amplitude.

Should the signal voltage on the grid be per-
mitted to go too far negative. the negative half
cycle in the plate output will not be the same
as the positive half cycle. In other words, the
output wave shape will not be a duplicate of
the input, and distortion in the output will
therefore result. The fundamental property of
class A amplification is that the bias voltage
and input signal level must not advance beyond
the point of zero grid potential; otherwise, the
grid itself will become positive. Electrons will
then flow into the grid and through its external
circuit in much the same manner as if the grid
were actually the plate. The result of such a
flow of grid current is a lowering of the input
impedance of the tube so that power is re-
quired to drive it.

Since class A amplifiers are never designed
to draw grid current, they do not realize the
optimum capabilities of any individual tube

Inspection of the operating characteristic of
Figure 6 reveals that there is a long stretch of
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linear characteristic far into the positive grid
rcgion. As only the small portion of the oper-
ating characteristic below the zero grid bias
line can be used. the plate circuit efficiency of
a class A amplifier is low. However, they are
used because they have very little or negligible
distortion and, since only an infinitesimal
amount of power is required on the grid, a
large amount of power amplification may be
obtained. Low-level audio and radio frequency
amplifying stages in receivers and audio ampli-
fiers are invariably operated class A. The cor-
rect values of bias for the operation of tubes
as class A amplifiers are given in the Tube
Tables.

The Class AB Amplifier. A class AB
amplifier is one in which the grid bias and
alternating grid voltages are such that plate
current in a specific tube flows for appreciably
more than half but less than the entire electri-
cal cycle when delivering maximum output.

In a class AB amplifier, the fixed grid bias is
made higher than would be the case for a push-
pull class A amplifier. The resting plate current
is thereby reduced and higher values of plate
voltage can be used without exceeding the rated
plate dissipation of the tube. The result is an
increase in power output.

Class AB amplifiers can be subdivided into
class AB; and class AB,. There is no flow of
grid current in a class AB; amplifier; that is.
the peak signal voltage applied to each grid
does not exceed the negative grid bias voltage.
In a class AB, amplifier, the grid signal is
greater than the bias voltage on the peaks, and
grid current flows.

The class AB amplifier should be operated
in push-pull if distortion is to be held to a min-
imum. Class AB: will furnish more power out-
put for a given pair of tubes than will class
AB,. The grids of a class AB; amplifier draw
current, which calls for a power driver stage.

The Class B Amplifier. A class B ampli-
fier is one in which the grid bias is approxi-
mately equal to the cutoff value so that the
plate current is very low (almost zero) when
no exciting grid voltage is applied and so that
plate current in a specific tube flows for ap-
proximately one half of each cycle when an
alternating grid voltage is applied.

A class B audio amplifier always operates
with two tubes in push-pull. The bias voltage
is increased to the point where but very little
plate current flows. This point is called the
cutoff point. When the grids are fed with volt-
age 180 degrees out of phase, that is, one grid
swinging in a positive direction and the other
in a negative direction, the two tubes will alter-
nately supply current to the load.

When the grid of tube no. 1 swings in a posi-
tive direction, plate current flows in this tube.

During this process, grid no. z swings nega-
tively beyond the point of cutoff; hence, nc
current flows in tube no. 2. On the other half-
cycle, tube no. 1 is idle, and tube no. 2 fur-
nishes current. Each tube opecrates on one-half
cycle of the input voltage so that the complete
input wave is reproduced in the plate circuit.
Since the plate current rests at a very low
value when no signal is applied, the plate effi-
ciency is considerably higher than in a class A
amplifier.

There is a much higher, steady value of plate
current flow in a class A amplifier, regardless
of whether or not a signal is present. The aver-
age plate dissipation or plate loss is much
greater than in a class B amplifier of the same
power output capability.

For the reason that the plate current rises
from a very low to a very high peak value on
input swings in a class B audio amplifier, the
demands upon the power supply are quite
severe; a power supply for class B amplifier
service must have good regulation. A high-
capacity output condenser must be used in the
filter circuit to give sufficient storage to supply
power for the stronger audio peaks, and a
choke-input filter system is required for good
regulation,

Load Impedance for Amplifiers. The
plate current in an amplifier increases and de-
creases in proportion to the value of applied
input signal. If useful power is to be realized
from such an amplifier, the plate circuit must
be terminated in a suitable resistance or im-
pedance across which the power can be de-
veloped. When increasing and decreasing plate
current flows through a resistor or impedance.

Figure 7.
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the voltage drop across this load will con-
stantly change because the plate current is con-
stantly changing. The actual value of voltage
on the plate will vary in accordance with the
1Z drop across the load, even though a steady
value of direct current may be applied to the
load impedance; hence, for an alternating volt-
age on the grid of the tube, there will be a con-
stant change in the voltage at the anode.

The static characteristic curves give an indi-
cation of the performance of the tube for only
one value of plate voltage. If the plate voltage
is changed. the characteristic curve will shift
This sequence of change can be plotted in a
form that permits a determination of tube per-
formance; it is customary to plot the plate
current for a series of permissible values of
plate voltage at some fixed value of grid volt-
age.

The process is repeated for a sufficient num-
ber of grid voltage values in order that ade-
quate data will be available. A group or family
of plate voltage—plate current curves, each for
a different grid potential, makes possible the
calculation of the correct load impedance for
the tube. Dynamic characteristics include
curves for variations in amplification factor,
plate resistance. transconductance and detector
characteristics.

The correct value of load impedance for a
rated power output is always specified by the
tube manufacturer. The plate coupling device
generally reflects this impedance to the tube.
This subject is treated under Impedance
Matching, Chapter 2.

Tubes in Parallel and Push-Pull. Two or
more tuhes can he connected in parallel in
order to secure greater power output; two
tubes in parallel will give approximately twice
the output of a single tube. Since the plate
resistances of the two tubes are in parallel, the
required load impedance will be half that for
a single tube.

When power is to be increased by the use of
two tubes, it is generally advisable to connect
them in push-pull; in this connection the power
output is doubled and the harmonic content, or
distortion, is reduced. The input voltage ap-
plied to the grids of two tuhes is 180 degrees
out of phase, the voltage usually being secured
from a center-tapped secondary winding with
the center tap connected to the source of bias
and the outer ends of the winding connected
to each grid. The plates are similarly fed into
a center-tapped winding and plate voltage is
introduced at the center tap. The signal voltage
supplied to one grid must always swing in a
positive direction when the other grid swings
negatively. The result is an increase in plate
current in one tube with a decrease in plate
current in the other at any given instant; one

tube pushes as the other pulls; hence the term:
push-pull.

Distortion in Audio Amplifiers. Distor-
tion exists when the output wave shape of an
amplifier differs from the shape of the input
voltage wave. There are three main types of
distortion which can exist in an audio amplifier.
These are: frequency distortion, where the
gain of the amplifier is not the same for all
frequencies which are to be passed; non-linear
distortion, which results in cross modulation
of the various audio frequencies fed into the
amplifier and which also results in the produc-
tion of harmonics of these tones; and phase
distortion, which is the result of the amplifier’s
having different delay characteristics for vari-
ous audio frequencies.

Frequency distortion can be kept to a mini-
mum through the use of high-quality audio
transformers wherever transformers are needed
and through the use of the proper values of
coupling and by-pass condensers and feed re-
sistors in the resistance coupled stages. Careful
choice of components can result in an audio
amplifier which is “flat within 1 db from 25 to
15.000 cycles”; such an amplifier would give
high quality reproduction. provided non-linear
and phase distortion were also at a minimum.

Non-linear distortion is usually caused by
the overloading of some vacuum tuhe within
the amplifier—usually the output stage. The
presence of non-linear distortion is usually
expressed by the rating of the amplifier at a
certain percentage of r.m.s. harmonic distor-
tion at a certain amount of output power. The
amount of non-linear distortion almost invari-
ably increases with increasing power output
from the amplifier. Non-linear distortion is
peculiar in that it always results in the pro-
duction of frequencies in the output wave-
shape of the amplifier which were not present
in the input. Since these spurious frequencies
resulting from non-linear distortion are mainly
in the form of harmonics of the input fre-
quency (integral multiples: second harmonic,
twice frequency: third harmonic. three times
frequency, etc.). non-linear distortion is usually
called harmonic distortion.

The presence of strong harmonics in an
audio frequency amplifier gives rise to speech
and music distortion which is plainly apparent
to the human ear. Triode amplifiers give rise
to distortion which is mainly second harmonic.
pentodes and tetrodes give rise to more third
harmonic distortion than second, while a hal-
anced push-pull amplifier produces only odd
harmonic distortion (third. fifth, seventh, etc.).
Third harmonic distortion is much more ap-
parent to the ear than second harmonic. Since
the harmonic distortion naturally falls in the
higher frequency region of reproduction (har-
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monics are multiples of their generating wave
frequencies), the upper frequency limit of the
reproducing system determines the maximum
amount of harmonic distortion which can be
permitted. In a conventional reproducing sys-
tem such as is found in the average good qual-
ity receiver, the value of 5 per cent is generally
accepted as the maximum permissible total
harmonic distortion; of this total value not
more than 2 per cent should be attributable to
third and higher order harmonics for good re-
produced quality.

Phase distortion is not generally considered
to be of great importance in a single audio or
speech amplifier. However, when a large num-
ber of audio amplifiers are cascaded, as in long
wire line repeater amplifiers, the cumulative
phase distortion can become serious; properly
designed delay circuits and other measures are
taken to correct the normal delay under these
conditions. Phase distortion must also be kept
to a minimum for proper operation of tele-
vision video amplifiers and of audio amplifiers
into which degenerative feedback is to be in-
corporated.

Voltage and Power Amplification. Prac-
tically all amplifiers can be divided into two
classifications: voltage amplifiers and power
amplifiers. In a voltage amplifier, it is desirable
to increase the voltage to a maximum possible
value. consistent with allowable distortion. The
tube is not required to furnish power because
the succeeding tube is always biased to the
point where no grid current flows. The selec-
tion of a tube for voltage amplifier service de-
pends upon the voltage amplification it must
provide, upon the load that is to be used and
upon the available value of plate voltage. The
varying signal current in the plate circuit of a
voltage amplifier is employed in the plate load
solely in the production of wvolfage to be ap-
plied to the grid of the following stage. The
plate voltage is always relatively high, the
plate current small.

A power amplifier, in contrast, must be ca-
pable of supplying a heavy current into a load
impedance that usually lies between 2000 and
20,000 ohms. Power amplifiers normally furnish
excitation to power-consuming devices such as
loud-speakers and modulated class C ampli-
fiers. They also serve as drivers for other
larger amplifier stages whose grids require
power from the preceding stage. Power ampli-
fiers are common in transmitters.

The difference between the plate power input
and output is dissipated in the tube in the
form of heat, and is known as the plate dissi-
pation, Tubes for power amplifier service have
larger plates and heavier filaments than those
for a voltage amplifier. High-power audio cir-
cuits for commercial broadcast transmitters

call for tubes of such proportions that it be-
comes necessary to cool their plates by means
of water or forced-air cooling systems.

Interstage Coupling. Common methods of
coupling one stage to another in an audio am-
plifier are shown in Figure 8.

Transformer coupling for a single-ended
stage is shown in A; coupling to a push-pull
stage in B; resistance coupling in C; im-
pedance coupling in D. A combination imped-
ance-transformer coupling system is shown in

TRANSFORMER COUPLING
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Figure 8.
FIVE COMMON METHODS OF
AUDIO-FREQUENCY INTERSTAGE
COUPLING.
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E: this arrangement is generally chosen for
high permeability audio transformers of small
size and where it is necessary to prevent the
plate current from flowing through the trans-
former primary. The plate circuit in the latter
is shunt-fed. A resistor of appropriate value is
often substituted for the impedance in the
circuit shown in E.

Radio-Frequency Amplifiers

Radio-frequency amplifiers, as used in trans-
mitters. invariably fall into the “power” classi-
fication. Also, since they operate into sharply
tuned tank circuits which tend to take out
irregularities in the plate current waveform
and give a comparatively pure sine-wave out-
put, more efficient conditions of operation may
be used than for an audio amplifier in which
the output waveform must be the same as the
input over a wide hand of frequencies. The
class B and class C r.f. amplifiers fall into this
grouping.

The Class B R.F. Amplifier. The defini-
tion of a class B r.f. amplifier is the same as
that of a class B amplifier for audio use. How-
ever, the r.f. amplifier operates into a tuned
circuit and covers only a very small range of
frequencies, while the audio type works into an
untuned load and may cover a range of 500 or
1000 to 1 in frequency.

Class B radio-frequency amplifiers are used
primarily as linear amplifiers whose function
is to increase the output from a modulated
class C stage. The bias is adjusted to the cutoff
value. In a single-ended stage. the r.f. plate
current flows on alternate half cyvcles. The
power output in class B r.f. amplifiers is pro-
portional to the square of the grid excitation
voltage. The grid voltage excitation is doubled
in a linear amplifier at 100 per cent modula-

tion, the grid excitation voltage being supplied
by the modulated stage; hence, the power out-
put on modulation peaks in a linear stage 1s In-
creased four times in value. In spite of the fact
that power is supplied to the tank circuit only
on alternate half cycles by a single-ended class
B r.f. amplifier, the flywheel effect of the tuned
tank circuit supplies the missing half cycle of
radio frequency, and the complete waveform
is reproduced in the output to the antenna.

The Class C R.F. Amplifier. A class C
amplifier is defined as an amplifier in which the
grid bias is appreciably greater than the cutoff
value so that the plate current in each tube is
zero when no alternating grid voltage is ap-
plied, and so that plate current in a specific
tube tlows for appreciably less than one half
of each cycle when an alternating grid voltage
is applied.

Angle of Plate Current Flow. The class
C amplifier differs from others in that the bias
voltage is increased to a point well beyond cut-
off. When a tube is biased to cutoff, as in a
class I3 amplifier, it draws plate current for a
half cycle or 180°. As this point of operation
is carried beyond cutoff, that is, when the grid
bias becomes more negative, the angle of plate
current flow decreases. Under normal condi-
tions, the optimum value for class C amplifier
operation is approximately 120°. The plate
current is at zero value during the first 30°
because the grid voltage is still approaching
cutoff. From 30° to 9o°, the grid voltage has
advanced beyond cutoff and swings to a maxi-
mum in a region which allows plate current to
flow. From 9o° to 150°, the grid voltage re-
turns to cutoff, and the plate current decreases
to zero. From 150° to 180°, no plate current
flows. since the grid voltage is then beyond
cutoff.

The plate current in a class C amplifier
flows in pulses of high amplitude, but of short
duration. Efficiencies up to 75 per cent are real-
ized under these conditions. It is possible to
convert nearly all of the plate input power into
r.f. output power (approximately go per cent
efficiency) by increasing the excitation, plate
voltage, and bias to extreme values.

Linearity of Class C Amplifiers. The r.f.
plate current is proportional to the plate volt-
age; hence the power output is proportional to
the square of the plate voltage. Class C am-
plifiers are invariably used for plate modula-
tion because of their high efficiency and be-
cause theyv reflect a pure resistance load into
the modulator. The plate voltage of the class
C stage is doubled on the peaks at 100 per cent
modulation; since the plate current is also
doubled. the power output at this point is
consequently increased four times.
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Figure g illustrates graphically the opera-
tion of a class C amplifier with twice cut-off
bias and with the peak grid swing of such a
value as just to approach the diode bend in
the plate characteristic. When the excitation
voltage is increased beyond this point, the
plate current waveform will have a dip at the
crest due to the taking of electrons from the
plate current stream by the grid on its highly
positive peaks.

The Vacuum Tube as an Oscillator

The ability of an amplifier tube to control
power cnables jt to function as an oscillator
or a generator of alternating current in a suit-
able circuit. When part of the amplified outpu*
is coupled back into the input circuit, sus
tained oscillations will be generated provided
the input voltage to the grid is of the proper
magnitude and phase with respect to the plate.

The voltage that is fed back and applied to
the grid must be 180° out of phase with the
voltage across the load impedance in the plate
circuit. The voltage swings are of a frequency
depending upon circuit constants.

If a parallel resonant circuit consisting of an
inductance and capacitance is inserted in series
with the plate circuit of an amplifier tube and
a connection is made so that part of the po-
tential drop is impressed 180° out of phase on
the grid of the same tube, amplification of the
potential across the L/C circuit will result.
The potential would increase to an unrestricted
value were it not for the limited plate voltage
and the limited range of linearity of the tube
characteristic, which causes a reversal of the
process after a certain point is reached. The
rate of reversal is determined by the time con-
stant or resonant frequency of the tank cir-
cuit.

The frequency range of an oscillator can be
made very great; thus, by varying the circuit
constants, oscillations from a few cycles per
second up to many millions can be generated.
A number of different types of oscillators are
treated in detail under the section devoted to
Transmitter Theory.

The Vacuum Tube as a Rectifier

It was stated at the first of this chapter that
when the potential of the plate of a two-
element vacuum tube or diode is made positive
with respect to the cathode, electrons emitted
by the cathode will be attracted to the plate
and a current will flow in the external circuit
that returns the electrons to the cathode. If, on
the other hand, the plate is made negative with
respect to the cathode the electron flow in the
external circuit will cease, due to the repulsion
of the electronic stream within the tube back
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to the cathode. From this is derived a valuable
property, namely, the ability of a vacuum tube
to pass current in one direction only and hence
to function as a rectifier or a device to convert
alternating current into pulsating d.c.

The Half-Wave Rectifier. Figure 10A
shows a half-wave rectifier circuit. For con-
venience of explanation, a conventional power
rectifier has been chosen, although the same
diagram and explanation would apply to diode
rectification as employed in the detector cir-
cuits of many receivers.

When a sine-wave voltage is induced in the
secondary of the transformer, the rectifier
plate is made alternately positive and nega-
tive as the polarity of the alternating current
changes. Electrons are attracted to the plate
from the cathode when the plate is positive,
and current then flows in the external circuit.
On the succeeding half cycle, the plate be-
comes negative with respect to the cathode,
and no current flows. Thus, there will be an
interval before the succeeding half cycle occurs
when the plate again becomes positive. Under
these conditions, plate current once more be-
gins to flow, and there is another pulsation in
the output circuit.

For the reason that one half of the com-
plete wave is absent in the output, the result
1s what is known as half-wave rectification.
The output power is the average value of these
pulsations; it will, therefore, be of a low
value because of the interval between pulsa-
tions.

Full-Wave Rectification. In a full-wave
circuit (Figure 10B), the plate of one tube is
positive when the other plate is negative; al-
though the current changes its polarity, one
of the plates is always positive. One tube,
therefore, operates effectively on each half
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cycle, but the output current is in the same
direction. In this type of circuit the rectifica-
tion is complete and there is no gap between
plate current pulsations. This output is known
as rectified a.c. or pulsating d.c.

Mercury Vapor Rectifiers. If a two-
element electron tube is evacuated and then
filled with a gas such as mercury vapor, its
characteristics and performance will differ
radically from those of an ordinary high-
vacuum diode tube.

The principle upon which the operation of
a gas-filled rectifier depends is known as the
phenomenon of gaseous ionization, which was
discussed under Fundamental Theory. Investi-
gation has shown that the electrons emitted by
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Figure 11.
ILLUSTRATING DETECTOR OPERA-
TION IN UPPER AND LOWER-BEND
PORTION OF THE CHARACTER-

ISTIC CURVE.

a hot cathode in a mercury-vapor tube are
accelerated toward the anode (plate) with
great velocity. These electrons move in the
electrical field between the hot cathode and the
anode. In this space they collide with the
mercury-vapor molecules which are present.

If the moving electrons attain a velocity so
great as to enable them to break through a
potential difference of more than 10.4 volts
(for mercury), they will literally knock the
electrons out of the atoms with which they
collide.

As more and more atoms are broken up by
collision with electrons, the mercury vapor
within the tube becomes ionized and transmits
a considerable amount of current. The ions
are repelled from the anode when it is posi-
tive; they are then attracted to the cathode,
thus tending to neutralize the negative space
charge as long as saturation current is not
drawn. This effect neutralizes the negative
space charge to such a degree that the voltage
drop across the tube is reduced to a very low
and constant value. Furthermore, a consider-
able reduction in heating of the diode plate, as
well as an improvement in the voltage regula-
tion of the load current, is achieved. The
efficiency of rectification is thereby increased
because the voltage drop across any rectifier
tube represents a waste of power.

Detection or Demodulation

Detection is the process by which the audio
component is separated from the modulated
radio-frequency signal carrier at the receiver.
Detection always involves either rectification
or nonlinear amplification of an alternating
current.

Two general types of amplifying detectors
are used in radio circuits.

The Plate Detector. The plate detector
or bias detector (sometimes called a power
detector) amplifies the radio-frequency wave
and then rectifies it, and passes the resultant
audio signal component to the succeeding
audio amplifier. The detector operates on the
lower bend in the plate current characteristic,
because it is biased close to the cutoff point
and therefore could be called a single-ended
class B amplifier. The plate current is quite
low in the absence of a signal, and the audio
component is evidenced by an increase in the
average unmodulated plate current. See Fig-
ure II.

The Grid Detector. The grid detector dif-
fers from the plate detector in that it rectifies
in the grid circuit and then amplifies the re-
sultant audio signal. The only source of grid
bias is the grid leak so that the plate current
is maximum when no signal is present. This
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form of detector operates on the upper or
saturated bend of its characteristic curve and
the demodulated signal appears as an audio-
frequency decrease in the average plate cur-
rent. However, at low plate voltage, most of
the rectification takes place as the result of the
curvature in the grid characteristic. By proper
choice of grid leak and plate voltage, distortion
can be held to a reasonably small value. In ex-
treme cases the distortion can reach a very
high value, particularly when the carrier signal
is modulated to a high percentage. In such
cases the distortion can reach 25 per cent.

The grid detector will absorb some power
from the preceding stage because it draws grid
current. It is significant to relate that the
higher gain through the grid detector does not
necessarily indicate that it is more sensitive.
Detector sensitivity is a matter of rectification
eficiency and amplification, not of amplifica-
tion alone. Grid leak detectors are often used
in regenerative detector circuits because
smoother control of regeneration is possible
than in other forms of plate and bias detectors.

Non-Amplifying Detectors. In addition
to the two previous types of amplifying de-
tectors, both of which have a certain inherent
amount of harmonic distortion, there are two
main types of non-amplifying detectors which
have, of late, been more widely used because
of their lowered harmonic distortion and other
advantages.

The Diode Detector. In this type of de-
tector the input r.f. signal (almost invariably
at the intermediate frequency of the receiver)
is simply rectified by the diode and the modu-
lation component appears as an alternating
voltage, in addition to the d.c. component,
across the diode load resistor. This type of
detection, although it gives no gain and has a
loading effect on the circuit that feeds it, is
frequently used in high-quality receivers be-
cause of the relatively distortionless detection
or demodulation that is obtained. Figure 12A
shows a combined detector-a.v.c. rectifier cir-
cuit commonly used in high-quality receivers.
It will be noticed that a separate diode and
rectifier circuit is used to obtain the a.v.c.
voltage. This is done to eliminate the a.c.
shunt loading of the a.v.c. bus upon the de-
tector circuit. If the a.v.c. voltage is taken
from the detector diode load resistor, the effect
of the a.c. shunt loading of the a.v.c. circuit
can be serious enough to cause as high as 25
per cent harmonic distortion of a 100 per
cent modulated input signal. However, inex-
pensive midget receivers in which the high-
frequency response is limited, frequently take
the a.v.c. voltage from the detector load re-
sistor and rely upon the limited high-frequency
response to make the distortion unnoticeable.
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(A) DIODE DETECTOR WITH SEPA-
RATE A.V.C. RECTIFIER. (B) IN-
FINITE IMPEDANCE DETECTOR.

Certain circuits are available for compen-
sating for the a.c. shunt loading effect of the
a.v.c. circuit upon the detector load resistor,
but the most satisfactory arrangement is that
shown in 12A in which a separate rectifier
taking its r.f. voltage from the plate of the
last i.f. amplifier is used to supply the a.v.c.
voltage. It is also best that the lead marked
“to audio” in Figure 12A connect directly to
the first audio grid, and thus that diode biasing
be used upon this grid. If an additional con-
denser and potentiometer is used between the
diode load resistor and the first audio stage,
the shunt loading effect of the additional vol-
ume control resistor can be as serious as the
a.c. loading of the a.v.c. circuit.

The Infinite Impedance Detector. Figure
12B illustrates this comparatively recently
popularized type of detector circuit which has
advantages over previous types where dis-
tortion-free detection is required. The circuit
is essentially the same as that for plate or
power-detection, except that the output volt-
age is taken from the cathode circuit instead
of from the plate. This gives the advantage
that practically 100 per cent degenerative
feedback is incorporated into the circuit with
a consequent great reduction in harmonic dis-
tortion as compared to the simple plate de-
tector. The circuit gives no loading to the
circuit from which it obtains its voltage—
hence the name, infinite-impedance detection.
Also, due to the 1oo per cent degenerative
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feedback, the circuit has a gain of one. Es-
sentially the same output voltage will be ob-
tained from this detector as will be obtained
from a diode detector.

When automatic volume control is to be
used in a receiver which employs an infinite
impedance detector, the a.v.c. rectifier circuit
shown using the right hand diode of Figure
12A can be used. It is common practice to
use a combination tube such as the 6B8 as a
combined last i.f. amplifier and a.v.c. rectifier,
with a separate tube such as a 6Js5 as the
infinite impedance detector.

Frequency Converters or Mixers, An-
other common usage of the vacuum tube is as
a frequency changer or mixer tube. This is the
operation performed by the first detector or
mixer in a super-heterodyne, and consists of
changing (most frequently) a particular high-
frequency signal (bearing the desired modu-
lation) to a fixed intermediate frequency. In
this service, the high-frequency signal and an-
other signal from a local oscillator, whose fre-
quency is either lower or higher than the h.f.
signal by an amount equal to the intermediate
frequency (the frequency to which it is de-
sired to convert), are fed to appropriate grids
of the converter tube. The resultant inter-
modulation of the two signals in the converter
tube produces one frequency which is the sum
of the two, and another frequency which is
equal to the difference between their fre-
quencies. It is this latter frequency which is
selected by the output circuit of the mixer
tube, and which is subsequently fed to the
intermediate frequency amplifier.

Conversion Conductance. The relative
efficiency of a converter tube in changing one
frequency to another is called its conversion
conductance or transconductance. Recent im-
provements in mixer tubes have allowed size-
able improvements to be made in the efficiency
of mixer stages. With the latest types of mixer
tubes it is possible to obtain nearly as much

gain from a frequency changing stage as from
an amplifier stage with its input and output
circuits on the same frequency. Discussion of
mixer characteristics will be found in the
chapter, Receiver Theory, and under the sec-
tion Special Purpose Mixer Tubes carlier in
this chapter.

The Vacuum Tube as a Measuring De-
vice. The characteristics of the vacuum tube
make it very well suited for use as a measuring
device in clectrical circuits, especially when no
power may be taken from the circuit under
measurement. Vacuum tube voltmeters are the
most common application of this principle. V.t.
voltmeters of the peak-indicating and r.m.s.
tvpes will be found in the chapter Test and
Measurement Equipment.

Particular types of vacuum tube voltmeters
utilizing the action of an electron stream upon
a fluorescent material to give a visual indica-
tion are the electron-ray or “magic-eye” tubes,
and the cathode-ray oscilloscope. In the elec-
tron-ray tube a small knife whose charge
varies with the voltage under measurement
(usually the amplified d.c. voltage of an a.v.c.
circuit) detlects the electron stream to pro-
duce a varying angle of fluorescence on the
visible screen at the end of the tube.

In the cathode-ray tube an electron gun con-
sisting of cathode, grid, and accelerating anode
or plate (the “electron gun”) shoots a fine
beam of electrons between two sets of de-
flecting plates separated by 9o° to a fluores-
cent viewing screen at the end of the tube. One
set of deflecting plates is most commonly set
up so that it will deflect the stream of elec-
trons back and forth in the horizontal plane.
The other set of deflecting plates is oriented
so that it will deflect the same stream up and
down in the vertical plane. The practical de-
sign, construction, and application of the
cathode-ray oscilloscope to the problems of
the amateur station is covered in the Test and
Measurement Equipment chapter.
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CHAPTER FOUR

Radio Receiver Theory

A RADIO receiver may be defined as a

device for reproducing in the form of useful
output the intelligence conveyed by radio
waves applied to it. Usually an antenna is a
necessary adjunct to the receiver. The an-
tenna will not be discussed in this chapter,
however, as the function and design of an-
tennas is thoroughly covered in a later section
of this book.

Detection. All receivers use some sort of
detector to make audible the intelligence im-
pressed on the radiated carrier wave at the
transmitter. The process of impressing the in-
telligence on the carrier wave is known as
modulation, and as the detector separates this
modulation from the carrier, it is often known
as a demodulator. One of the simplest practical
reccivers consists of a tuned circuit for select-
ing the desired radio signal and a detector for
separating the modulation from the carrier.
The detector may be either a mineral such as
galena or carborundum, or else a vacuum tube.
Figure 1 shows such a receiver using a diode
vacuum tube as a detector. The sensitivity of
this receiver, or in other words its ability to
make audible weak signals, would be very low.
but it is useful to illustrate the basic action of
all receivers.

Energv from a passing radio wave will in-
duce a voltage in the antenna and cause a
radio-frequency current to flow from antenna
to ground through coil L. The alternating mag-
netic field set up around L, links with the turns
of L. and causes an r.f. current to flow through
the parallel-tuned circuit. L.-C. When variable
condenser C is adjusted so that the tuned cir-
cuit is resonant at the frequency of the applied
signal. the r.f. voltage is maximum, as ex-
plained in Chapter 2. This r.f. voltage is ap-
plied to the diode detector where it is rectified
into a pulsating direct current and passed
through the earphones. The pulsations in this
voltage correspond to the modulation placed on
the signal at the transmitter. As the earphone
diaphragms vibrate back and forth following
the pulsating current they audibly reproduce
the original modulation.

71

The operation of the detector circuit is
shown graphically above the detector circuit in
Figure 1. The modulated carrier is shown at
A, as it is applied to the antenna. B represents
the same carrier, increased in amplitude, as it
appears across the tuned circuit. In C the pul-
sating d.c. output from the detector is seen.

The receiver shown in Figure 1 would be an
cxtremely poor one, being suitable only for
use in the immediate vicinity of a transmitting
station. By adding an audio amplifier, however
as shown in Figure 2A, the output of the re-
ceiver may be increased greatly. In 2A, the ear-
phones of Figure 1 have been replaced by a
resistor. R, and an r.f. by-pass condenser, C;.
The audio voltage across R and C, is coupled
to the grid of a class A audio amplifier by
means of a coupling condenser C,;, and the
headphones are placed in the plate circuit of
the amplifier stage. Grid bias is supplied by a
C battery, which is connected to the amplifier
grid through a high resistance, R;.

To simplify the circuit shown at 2A, the load
resistor, R, and its by-pass condenser may be
moved around the circuit until they are in
series with the diode plate, instead of its
cathode. The voltage across R and C, is still
pulsating d.c., with the pulsation corresponding
to the modulation on the signal, but the d.c.
voltage at the diode plate is now always nega-
tive in respect to ground. Having a negative
voltage at the diode plate allows the amplifier
stage grid to be directly connected to this
point, thus dispensing with the bias battery,
the grid return resistor Ri. and coupling con-
denser C,.

Still further simplification of the circuit is
shown at 2C, where the triode grid has entirely
replaced the diode plate, thus eliminating one
tube from the circuit. An r.f. byv-pass condenser
C; has been added in 2C to remove any r.f.
which finds its way into the plate circuit. The
circuit shown at 2C is known as a grid leak
detector, and as the above discussion has
shown. it is simply a diode detector plus an
audio amplifier, both combined in a single tube.
The grid-leak detector is not limited to tri-
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DIODE DETECTOR RECEIVER.
This circuit would make a very poor re-
ceiver, but it is useful in illustrating the
process of detection. The operation of

the circuit is described in the text.

odes; tetrodes or pentodes may also be used,
these generally having greater sensitivity than
the triodes.

Since the grid-leak detector shown in Fig-
ure 2C produces an audio output that corre-
sponds only to the modulation on a signal, it
is useless for the reception of unmodulated
radiotelegraph (c.w.) signals. Such signals
may be made audible, however, by applying
another radio-frequency signal to the detector
along with the desired signal. If the difference
in frequency between the two signals falls in
the audio-frequency range, a heterodyne or
“beat note” at the difference frequency will
be heard in the ’phones. The beat note will,
of course, start and stop to conform with the
code characters of the distant signal.

The local signal which is used to beat with
the desired c.w. signal in the detector may be
supplied by a separate low-power oscillator in
the receiver itself, or the detector may be
made to self-oscillate, and thus serve the dual
purpose of detector and oscillator. A detector
which self-oscillates to provide a beat note is
known as an auntodyne detector, and the proc-
css of obtaining feedback between the detector
plate and grid is called regeneration. A typical
regenerative detector is shown in Figure 3.

In the circuit shown in Figure 3, radio-
frequency energy from the detector plate is
coupled back to the grid by means of the
tickler coil, L,. This coil is closely coupled
to the grid winding, L1, and when the phasing
between the two coils is correct, the energy
from the plate circuit adds to that in the grid
circuit, thus increasing the amplification. When
the cnergy fed back is sufficient to overcome
the losses in the grid circuit, oscillation takes
place and autodyne reception occurs.

The autodyne detector is most sensitive
when it is barely oscillating, and for this
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Figure 2.
GRID-LEAK DETECTOR
DEVELOPMENT.

Showing the development of a grid-leak
detector from a diode detector plus audio
amplifier.

reason a regeneration control is always in-
cluded in the circuit to adjust the feedback to
the proper amount. Condenser C; in Figure 3
is the regeneration control. This condenser
serves as a variable plate by-pass condenser,
and it is commonly called a “throttle con-
denser.”

With the detector regenerative, that is.
with feedback taking place, but not enough
to cause oscillation, it is also extremely sensi-
tive. When the circuit is adjusted to operate
in this manner, modulated signals may be
received with considerably greater strength
than when the detector is in a non-regenerative
condition.

Other Regenerative Detectors. The cir-
cuit shown in Figure 3 is by no means the only
one which will give satisfactory results as a
regenerative detector. There are several meth-
ods by which regeneration may be obtained,
and also several alternative methods of con-
trolling the regeneration. In tubes with an
indirectly-heated cathode, regeneration may
be obtained by tapping the cathode onto the
grid coil a few turns up from the ground
end, or by returning the cathode to ground
through a coil coupled to the grid winding.
With tetrode or pentode tubes, feedback is
sometimes provided by connecting the screen,
rather than the plate, to the tickler coil.
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Figure 3.
TRIODE REGENERATIVE
DETECTOR.
The regenerative detector makes the sim-
plest practical high-frequency receiver.

Alternative methods of controlling regen-
eration consist of providing means for vary-
ing the voltage on one of the tube elements,
usually the plate or screen. Examples of some
of the possible variations in regeneration and
control methods are shown in Figure 4.

Amplifier Stages

The sensitivity and selectivity of the re-
ceiver may be increased by adding a tuned
radio-frequency amplifier between the de-
tector and the antenna. The radio-frequency
(r.f.) amplifier stage increases the strength
of the signal applied to the detector, and
thus the receiver with an r.f. stage is capable
of giving a useful audio output on signals
much weaker than those which represent the
minimum useful level of signal strength for
the detector alone. The addition of the tuned
circuits required in the r.f. amplifier also im-
proves the selectivity of the receiver.

Audio frequency amplifiers may be added
after the detector to enable weak signals which
have been detected to be amplified sufficiently
to actuate the sound-producing mechanism in
the headphones or speaker.

Radio Frequency Amplifiers. A typical
tuned radio-frequency amplifier connected
ahead of a regenerative detector is shown in
Figure 5. A pentode tube is used in the r.f.
stage with a tuned grid circuit and inductive
coupling from the antenna and to the detector.
Capacitive coupling could be used in both
instances; but in the case of the coupling
between stages, a high-impedance radio-
frequency choke would have to be connected
to the plate of the r.f. stage to allow plate
voltage to be applied to the tube. A capacity-
coupling system which allows the r.f. choke
to be dispensed with is shown in Figure 6.
This circuit is often used at ultra-high fre-
quencies where a high-impedance resonant cir-
cuit in the plate of the r.f. tube is desired in
order to obtain greater amplification.
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Figure 4.
REGENERATIVE DETECTOR
CIRCUITS.

These circuits illustrate some of the more
popular regenerative detectors. Values of
1 to 3 megohms for grid leaks are com-
mon. The grid condenser usually has a
capacity of .0001 ufd., while the screen
by-pass is 0.1 ufd. Pentode detectors oper-
ate best when the feedback is adjusted so
that they start to oscillate with from 30
to 50 volts on the screen grid.

The dotted line running between condensers
C: and C; in Figure 5 indicates that their
rotor shafts are mechanically connected (or
ganged) together so that both tuned circuits
may be resonated to the desired signal with
but a single dial. When the r.f. stage is
separate from the receiver. and its tuning con-
trol is not ganged with that of the receiver
proper, it is commonly known as a preselector.
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A preselector may be added to any receiver,
but it is most often used with the super-
heterodyne type.

The amplification obtained in an r.f. stage
depends upon the type of circuit which is
used; if the plate load impedance can be made
very high, the gain may be as much as 200
or 300 times. Normal values of gain in the
broadcast band are in the vicinity of 50 times.
A gain of 30 per r.f. stage is considered ex-
cellent for shortwave receivers which have a
range of from 30 to 100 meters. Radio-
frequency amplifiers for the very short wave-
lengths, such as from 5 to 20 meters, seldom
provide a gain of more than 10 times, because
of the dithiculty in obtaining high load im-
pedances and the shunt effect of the rather
high input capacities of most ordinary screen-
grid tubes.

Regenerative R.F. Stages. In low cost
receivers, and in those where maximum per-
formance with a minimum number of stages
is desired, controlled regeneration in an r.f.
stage is often used. The regenerative r.f.
amplifier increases amplification and selectiv-
ity in a manner similar to that of the regen-
erative detector. The regenerative r.f. amplifier
is never allowed to oscillate, however; the
greatest amplification is obtained with the
circuit operating just below the point of oscil-
lation. Figure 7 shows a regenerative r.f. stage
of the type generally used on the higher
frequencies.

One minor disadvantage of the regenera-
tive r.f. stage is the need for an additional
control for regeneration. A more important
disadvantage is that, due to the high degree
of selectivity obtainable with the regenerative
stage, it is usually impossible to secure accu-
rate enough tracking between its tuning cir-
cuit and the other tuning circuits in the
receiver to make single-dial control feasible.
Where single-dial control is desired. a small
“trimmer’”’ condenser is usually provided across
the main r.f.-stage tuning condenser. By mak-

fm———— - ——-—-
s R.F. / __ DET
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Figure 5.

R.F. AMPLIFIER CIRCUIT.
An r.f. amplifier ahead of the regenera-
tive detector will increase the receiver’s
selectivity and sensitivity.
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Figure 6.
CAPACITY COUPLING BETWEEN
STAGES.
This type of coupling circuit is often
used at ultra-high frequencies when it is
desired to have a high impedance plate
load for the r.f. stage.

ing this condenser operable from the front
panel, it is possible to compensate manually
for slight inaccuracies in the tracking. A fur-
ther discussion of regenerative r.f. stages will
be found under the section on superheterodyne
receivers, in which connection they are most
often used.

Audio Amplifiers. Audio amplifiers are
employed in nearly all radio receivers. The
audio amplifier stage or stages are usually of
the class A type, although small class B stages
are used in some receivers. The operation of
both of these types of amplifiers was described
in Chapter 3. The purpose of the audio
amplifier is to bring the relatively weak signal
from the detector up to a strength suthcient
to operate a pair of headphones or a loud
speaker. Either triodes, pentodes, or beam
tetrodes may be used, the pentodes and beam
tetrodes usually giving greater output. In
some receivers it is possible to operate the
headphones directly from the detector, with-
out audio amplification. In such receivers, a
single audio stage with a beam tetrode or
pentode tube is ordinarily used to drive the
loud speaker. Representative audio amplitier
arrangements will be found in Chapter 6.

Superregenerative Receivers

At ultra-high frequencies, when it is desired
to keep weight and cost at a minimum, a spe-
cial form of the regenerative receiver known
as the superregenerator is often used. The
superregenerator is essentially a regenerative
receiver with a means provided to throw the
detector rapidly in and out of oscillation. The
frequency at which the detector is made to
go in and out of oscillation varies in different
receivers, but is usually between 20,000 and
100,000 times a second. As a consequence of
the sensitivity of the oscillating detector be-
ing increased, the usual “regeneration hiss”
is greatly amplified when no signal is being
received. This hiss diminishes in proportion
to the strength of the received signal, loud
signals eliminating the hiss entirely.
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REGENERATIVE R.F. AMPLIFIER.

The use of regeneration in the r.f. ampli-

fier ailows greater amplification to be ob-

tained, but the increased gain is accom-
panied by an increase in tube noise.

Detector Operation. There are two sys-
tems in common use for causing the detector
to break in and out of oscillation rapidly. In
one, a separate interruption-frequency oscil-
lator is arranged so as to vary the voltage
rapidly on one of the detector tube elements
(usually the plate, sometimes the screen) at
the high rate necessary. The interruption-
frequency oscillator commonly uses a con-
ventional tickler-feedback circuit with coils
appropriate for the frequency at which it
operates.

The second. and simplest, type of super-
regenerative detector circuit is arranged so
as to produce its own interruption frequency
oscillation, without the aid of a separate tube.
The detector tube damps (or “quenches”)
itself out of signal-frequency oscillation at a
high rate by virtue of the use of a high value
of grid leak and proper size plate-blocking
and grid condensers. In this tvpe of “self-
quenched” detector, the grid leak is quite
often returned to the positive side of the
power supply (through the coil) rather than
to the cathode. A representative self-
quenched superregenerative detector circuit
is shown in Figure 8.

Both types of superregenerative detectors
act as small transmitters and radiate broad,
rough signals unless they are well shielded
and preceded by an r.f. stage. For this reason
they are not too highly recommended for
use on frequencies below 60 Mc. However,
there are occasionally cases where their use
is justified on the g56-to-60 Mc. band. The
superregenerative receiver tunes very broadly,
receiving a band at least 100 kc. wide. For
this reason it is widely popular for the recep-
tion of unstable, modulated oscillators at
ultra-high frequencies.

Frequency modulation reception is possible
with superregenerative receivers. although
with the amount of “swing” ordinarily used
in frequency-modulated transmitters. the audio
output of the receiver is comparable to that
obtained when the signal is amplitude modu-

)

Figure 8.
SUPERREGENERATIVE DETECTOR.

This extremely sensitive self-quenched de-

tector arrangement is often used at ultra-

high frequencies. The plate blocking con-

denser must have low reactance at the

quench frequency; a value of .006 ufd.
is common.

lated at a rather low percentage. If a rela-
tively wide swing is used in the transmitter,
however, the audio output of the receiver will
compare favorably with that obtained from
a fully amplitude modulated carrier of equiva-
lent strength.

Practical superregenerative receiver circuits,
along with a further discussion of their opera-
tion, will be found in Chapter 18.

Superheterodyne Receivers

Because of its superiority and nearly uni-
versal use in all fields of radio reception except
at the extremely high “micro wave” frequen-
cies. the theory of operation of the super-
heterodyne should be familiar to every radio
experimenter, whether or not he contemplates
building a receiver of this type. The follow-
ing discussion concerns superheterodynes for
amplitude-modulation reception. It is, how-
ever, applicable in part to receivers for fre-
quency modulation. The points of difference
between the two types of receivers, together
with circuits required for f.m. reception, will
be found in Chapter g.

Principle of Operation. In the super-
heterodyne, a radio-frequency circuit is tuned
to the frequency of the incoming signal, and
the signal across this circuit applied to a
vacuum-tube mixer stage. In the mixer stage,
the signal is mixed with a steady signal gen-
erated in the receiver, with the result that a
signal bearing all the modulation applied to
the original but of a frequency equal to the
difference between the local oscillator and
incoming signal frequencies appears in the
mixer output circuit. The output from the
mixer stage is fed into a fixed-tune inter-
mediate-frequency amplifier, where it is
amplified and detected in the usual manner,
and passed on to the audio amplifier. Figure
9 shows a block diagram of the fundamental
superheterodyne arrangement.
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Superheterodyne Advantages. The ad-
vantages of superheterodyne reception are
directly attributable to the use of the fixed-
tune intermediate-frequency (i.f.) amplifier.
Since all signals are converted to the inter-
mediate frequency, this section of the receiver
may be designed for optimum selectivity
and amplification without going into the ex-
tremely complicated tunable band pass ar-
rangements or the number of stages which
would be necessary if the signal-frequency
tuning circuits were designed to have a com-
parable degree of selectivity and gain. High
amplification is easily obtained in the inter-
mediate-frequency amplifier, since it operates
at a relatively low frequency, where conven-
tional pentode-type tubes give a great deal of
voltage gain. A typical i.f. amplifier stage is
shown in Figure 1o0.

From the diagram it may be seen that both
the grid and plate circuits are tuned. Tuning
both circuits in this way is advantageous in
two ways; it increases the selectivity, and it
allows the tubes to work into a high-impedance
resonant plate load, a very desirable condition
where high gain is desired. The tuned cir-
cuits used for coupling between i.f. stages are
known as i.f. transformers. These will be
more fully discussed later in this chapter.

Choice of Intermediate Frequency. The
choice of a frequency for the i.f. amplifier
involves several considerations. One of these
considerations is in the matter of selectivity;
as a general rule, the lower the intermediate
frequency the better the selectivity. On the
other hand, a rather high intermediate fre-
quency is desirable from the standpoint of
image elimination, and also for the reception
of signals from television and f.m. transmit-
ters and modulated self-controlled oscillators,
all of which occupy a rather wide band of
frequencies, making a broad selectivity char-
acteristic desirable. Images are a peculiarity

INTE RMEDIATE

MIXER 1 FREQUENCY —— DETECTOR
AMPLIFIER

OSCILLATOR

AUDIO
AMPLIFIER

BLOCK DIAGRAM OF SUPERHETERODYNE

Figure 9.

THE ESSENTIAL PARTS OF A
SUPERHETERODYNE RECEIVER.

There are several possible variations of
this arrangement. R.f. amplifier stages
often are used ahead of the mixer. Occa-
sionally the i.f. amplifier stages are
omitted in simple superheterodynes.

OUTPUT
————— ml

IT

Figure 10.

TYPICAL 1.F. AMPLIFIER STAGE.
Variable-u. pentodes are ordinarily used as
i.f. amplifier tubes. Most of the ordinary
tubes require a cathode resistor of around
300 ohms and a 100,000-0hm screen
dropping resistor. The high-transcon-
ductance “‘television” type pentodes usu-
ally need less cathode resistance, and
values as low as 100 ohms are common.
The screen resistor for the “‘television”
types may have a value between 50,000
and 75,000 ohms. By-pass condensers are

usually .05 or 0.1-ufd.

common to all superheterodyne receivers, and
for this reason they are given a detailed dis-
cussion later in this chapter.

While intermediate frequencies as low as
30 kc. were common at one time, and fre-
quencies as high as 20,000 kc. are used in some
specialized forms of receivers, most present-
day communications superheterodynes nearly
always use intermediate frequencies around
either 455 kc. or 1600 kc. Two other fre-
quencies which are sometimes encountered in
broadcast-band receivers are 175 kc. and
262 kc.

Generally speaking, it may be said that for
maximum selectivity consistent with a reason-
able amount of image rejection for signal fre-
quencies up to 30 Mc., intermediate frequen-
cies in the 450—470 kc. range are used, while
for a good compromise between image rejec-
tion and selectivity the i.f. amplifier will often
operate at 1600 kc. For the reception of both
amplitude and frequency modulated signals
above 30 Mc., intermediate frequencies near
2100, 4300 and 5000 kc. are most often used.
The intermediate amplifiers in television re-
ceivers will usually be found to operate in the
region between 8o0co and 15,000 kc.

Arithmetical Selectivity. Aside from al-
lowing the use of fixed-tune band pass ampli-
fier stages, the superheterodyne has an over-
whelming advantage over the t.r.f. type of
receiver because of what is commonly known
as arithmetical selectivity.

This can best be illustrated by considering
two receivers, one of the t.r.f. type and one
of the superheterodyne type, both attempting
to receive a desired signal at 10,000 kc. and
eliminate a strong interfering signal at 10,010
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Figure 11.
MIXER-OSCILLATOR COMBINATIONS.
The various oscillators do not have to be used with the mixers with which they happen to
be shown. The triode oscillator shown at E could replace the pentode circuit shown at B,
for instance.

kc. In the t.r.f. receiver, separating these two
signals in the tuning circuits is practically
impossible, since they differ in frequency by
only o.1 per cent. However, in a super-
heterodyne with an intermediate frequency of,
for example, 1000 kc., the desired signal will
be converted to a frequency of 1000 kc. and
the interfering signal will be converted to a
frequency of 1010 kc., both signals appearing

at the input of the i.f. amplifier. In this case,
the two signals may be separated much more
readily, since they differ by 1 per cent, or 10
times as much as in the first case.

Mixer Circuits, The most important single
section of the superheterodyne is the mixer.
No matter how much signal is applied to the
mixer, if the signal is not converted to the
intermediate frequency and passed on to the
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i.f. amplifier with a strength greater than the
noise level at the i.f. input, it is lost. The
tube manufacturers have released a large vari-
ety of special tubes for mixer applications,
and these, as well as improved circuits with
older type tubes, have resulted in highly ef-
fective mixer arrangements in present-day
receivers.

Figure 11 shows several representative
mixer-oscillator circuits. At “A” is illustrated
control-grid /njection from an electron-coupled
oscillator to the mixer. The mixer tube for
this type of circuit is usually a remote-cut-off
pentode of the s7—6]7 type. The coupling
condenser, C, between the oscillator and
mixer is quite small. usually 1 or 2 pufd. Quite
often sufficient coupling will be obtained by
simply twisting a turn or two of hook-up wire
around the mixer grid lead, and using the ca-
pacity between the two wires as a coupling
condenser.

This same circuit may be used with the os-
cillator output being taken from the oscillator
grid or cathode. The only disadvantage to this
method is that interlocking, or “pulling,” be-
tween the mixer and oscillator tuning controls
is likely to take place. A rather high value of
cathode resistor (10,000 to 50,000 ohms) is
usually used with this circuit.

Injection of oscillator voltage into mixer
elements other than the control grid, is illus-
trated by Figures 11B, C, D and E. The cir-
cuit of 11B shows injection into the suppres-
sor grid of the mixer tube. The suppressor is
biased negatively by connecting it directly to
the grid of the oscillator.

An alternative method of obtaining bias for
the suppressor. and one which is less prone to
cause interlocking between the oscillator and
mixer, is shown in Figure 11C. In this cir-
cuit, the suppressor bias is obtained by allow-
ing the rectified suppressor-grid current to
flow through a 50.000- or 100.000-chm re-
sistor to ground. The coupling condenser be-
tween oscillator and mixer may be 50 or 100
ppfd. with this circuit. depending upon the
frequency. Output from the oscillator may be
taken from the cathode instead of the grid
end of the coil. as shown, if sufficient oscillator
output is available. Mixer cathode resistors
having values between 500 and 5000 ohms are
ordinarily used with the circuits of 11B and C.

The mixer circuit shown in 11D is similar in
appearance to that of 11B. The difference in
the two lies in the type of tube used as a
mixer. The 6L7 shown in 11D is especially
designed for mixer service. It has a separate
shielded injector grid. by means of which volt-
age from the oscillator may be injected. This
circuit permits the same variations as the sup-
pressor-injection system in regard to the

method of connection into the oscillator cir-
cuit. The 6L7 requires rather high screen
voltage and draws considerable screen current.
and, for these reasons, the screen-dropping re-
sistor is usually made around 10.000 or 15,000
ohms, which is considerably less than the val-
ues of §0.000 to 100,000 ohms used with most
other mixer tubes.

Figure 11E shows injection into the mixer
screen grid. When connected in the manner
shown, a rather large (o1 to o.1 ufd.) cou-
pling condenser may be used. This circuit is
likely to cause rather bad pulling at high fre-
quencies, as there is no electrostatic shielding
within the mixer tube between the screen grid
and the control grid. A variation of this cir-
cuit, in which the pulling effect is reduced con-
siderably, consists of using an electron-coupled
oscillator circuit similar to that shown in 11A
and connecting the plate of the oscillator and
the screen of the mixer directly together. A
voltage of about 100 volts is then applied to
both the oscillator plate and the mixer screen.

E.C.O. Harmonics. One disadvantage to
the use of an electron-coupled type oscillator
with the output taken from the plate which
should be borne in mind by the constructor,
is that the untuned plate circuit of the e.c.
oscillator contains a large amount of harmonic
output. Therefore, considerable selectivity
must be used ahead of the mixer to prevent
the harmonics of the oscillator from beating
with undesired signals at higher frequencies
and bringing them in along with the desired
signal. 1If it is desired to use an e.c. type
oscillator to secure receiver stabilization in re-
gard to voltage changes, it will usually be
found best to take the oscillator output from
the tuned grid circuit, where the harmonic
content is low. The plate of the oscillator tube
may be by-passed directly to ground when this
arrangement is used.

Improved Control-Grid Injection. In Fig-
ure 11F an improved control-grid injection
type mixer circuit is shown. This circuit al-
lows peak mixer conversion transconductance
under wide variations in oscillator output. The
bias on the mixer is automatically maintained
at the correct value through the use of grid-
leak hias. rather than by the more common
cathode bias arrangement. The mixer grid
leak should have a value of from 3 to 5 meg-
ohms. As in the circuit shown at 11\, the
coupling condenser should be quite small—on
the order of 1 or 2 uufd. Tt is absolutely es-
sential that a rather high value of scries screen
dropping resistor be used with this circuit to
limit the current drawn by the mixer tube in
case the oscillator injection voltage, and con-
sequently the mixer bias, is inadvertently re-
moved. The value of the screen resistor will
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probably lie around 100,000 ohms or above, de-
pending upon the type of mixer tube and the
available plate voltage. The resistor value
should be determined experimentally by using
a value which limits the mixer cathode cur-
rent when the oscillator is not operating to the
maximum permissible current specified by the
tube manufacturer.

The different oscillator circuits shown in
Figure 11 are not necessarily limited to use
with the mixers with which they happen to be
shown. Almost any oscillator arrangement
may be used with a particular mixer circuit.
Examples of some of the possible combinations
will be found in Chapter 6.

Converter Tubes, There is a series of
pentagrid converter tubes available in which
the functions of the oscillator and mixer are
combined in a single tube. Typical of these
tubes are the 6A7, 6A8, and 6SA7. The term
pentagrid has been applied to these tubes be-
cause they have s grids, one of the extra grids
being used as grid and the other as the anode
for the oscillator section of the circuit. Suit-
able circuits for use with these tubes are shown
in Figures 12A and 12B.

Dual Unit Converters. Another set of
combination tubes known as triode-heptodes
and triode-hexodes is also available for use as
combination mixers and oscillators. These
tubes are exemplified by the 6J8G and the
6K8; they get their name from the fact that
they contain two separate sets of elements—
a triode and a heptode in one case, and a triode
and a hexode in the other. Representative cir-
cuits for both types of tube are shown at 12C
and 12D.

Separate Oscillator. Certain of the com-
hination mixer-oscillator tubes make excep-
tionally good high frequency mixers when
their oscillator section is left unused and the
oscillator section grid is connected to a sepa-
rate oscillator capable of high output. The
6K8, 6J8G and 6SA7 perform particularly
well when used in this manner. A circuit
of this type for use with a 6K8 is shown in
Figure 13. The points marked “X” in Figure
12 show the proper place to inject r.f. from
a scparate oscillator with the other combina-
tion type converter tubes. When the 6A7 and
6A8 types are used with a separate oscillator.
the unused oscillator anode-grid is connected
directly to the screen.

Figure 12.
CONVERTER CIRCUITS.
A and B are for “pentagrid” tubes, and
C and D are for ‘““triode-heptode” and
“triode-hexode” tubes. The points marked
X’ show where injection from a sepa-
rate oscillator may be introduced.
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Figure 13.

USING A SEPARATE OSCILLATOR
WITH A DUAL-PURPOSE
CONVERTER TUBE.

Certain of the better dual-purpose con-
verter tubes make excellent mixers when
used with a separate oscillator. The points
marked “X” in Figure 12 show where a
separate oscillator may be connected with
each of the tubes shown.

Mixer Noise and Images

The effects of mixer noise and images are
troubles common to all superheterodynes, and
since both these effects can largely be obviated
by the same remedy, they will be considered
together.

Mixer Noise. Mixer noise of the shot-
effect type, which is evidenced by a hiss in the
audio output of the receiver, is caused by ex-
ceedingly small irregularities in the plate cur-
rent in the mixer stage. Noise of an identical
nature is generated in the amplifier stages of
the receiver, but due to a certain extent to the
fact that the gain in the mixer stage is con-
siderably lower than in an amplifier stage
using the same tube, the proportion of inherent
noise present in a mixer usually is considerably
greater than in an amplifier stage.

Although this noise cannot be eliminated,
its effects can be greatly minimized by plac-
ing sufficient signal-frequency amplification
having a high signal-to-noise ratio ahead of
the mixer. This remedy causes the signal out-
put from the mixer to be large in proportion
to the noise. Increasing the gain after the
mizxer will be of little advantage in eliminating
mizxer noise difficulties; greater selectivity after
the mixer will help to a certain extent, but
cannot be carried too far, since this type of
selectivity decreases the i.f. bandpass and re-
duces the strength of the high-frequency com-
ponents of modulated signals.

Images. Images are a result of frequency
conversion. They are a consequence of the
fact that there are two signal frequencies which

will combine with a single oscillator frequency
to produce the same difference frequency. For
example: a superheterodyne with its oscillator
operating on a higher frequency than the sig-
nal, which is common practice in present su-
perheterodynes, is tuned to receive a signal at
14,100 kc. Assuming an i.f.-amplifier fre-
quency of 450 kc., the mixer input circuit will
be tuned to 14,100 kc., and the oscillator to
14,100 plus 450, or 14,550 kc. Now, a strong
signal at the oscillator plus the intermediate
frequency (14,550 plus 450, or 15000 kc.)
will also give a difference frequency of 450 kc.
in the mixer output and will be received just
as though it were actually on 14,100 kc., the
frequency of the desired signal. The image
is always twice the intermediate frequency
away from the desired signal.

The only way that the image could be elim-
inated in this particular case would be to make
the selectivity of the mixer input circuit, and
any circuits preceding it, great enough so that
the 15,000-kc. signal would be eliminated with
these circuits tuned to 14,100 kc.

For any particular intermediate frequency,
image interference troubles become increas-
ingly greater as the frequency to which the
signal-frequency portion of the receiver is
tuned is increased. This is due to the fact
that the percentage difference between the de-
sired frequency and the image frequency de-
creases as the receiver is tuned to a higher
frequency. The ratio of strength between a
signal at the image frequency and a signal
at the frequency to which the receiver is tuned
required to give equal output, is known as the
image ratio. The higher this ratio, the better
the receiver in regard to image-interference
troubles.

With but a single tuned circuit between the
mixer grid and the antenna. and with g400-500
ke. i.f. amplifiers, image ratios of one hundred
and over are easily obtainable up to frequen-
cies around sooo kc. Above this frequency,
greater selectivity in the mixer grid circuit
(through the use of regeneration) or additional
tuned circuits between the mixer and the
antenna, are necessary if a good image ratio
is to be maintained.

R.F. Stages. Since the necessary tuned
circuits between the mixer and the antenna
can be combined with tubes to form r.f. am-
plifier stages, the reduction of the effects of
mixer noise and the increasing of the image
ratio can be accomplished in a single section
of the receiver. When incorporated in the re-
ceiver, this section is known simply as an r.f.
amplifier; when it is a separate unit with a
separate tuning control it is often known as a
preselector.  Either one or two stages are
commonly used in the preselector or r.f. ampli-
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fier. Some single-stage presclectors and a few
2-stage units use regeneration to obtain still
greater amplification and selectivity.

Double Conversion. As previously men-
tioned, the use of a higher intermediate fre-
quency will also improve the image ratio, at
the expense of if. selectivity, by placing the
desired signal and the image farther apart. To
give both good image ratio at the higher fre-
quencies and good selectivity in the i.f. ampli-
fier, a system known as double conversion is
sometimes employed. In this system, the in-
coming signal is first converted to a rather high
intermediate frequency, such as 1600 kc., and
then amplified and again converted, this time
to a much lower frequency, such as 175 kc.
The first if. frequency supplies the neces-
sary wide separation between the image and
the desired signal, while the second one sup-
plies the bulk of the i.f. selectivity.

Regenerative Preselectors.  R.f. amplifiers
for wave-lengths down to 20 meters can be
made to operate efficiently in a nonregenera-
tive condition. The amplification and selectiv-
ity are ample over this range. For higher fre-
quencies, on the other hand (wave-lengths be-
low 20 meters), controlled regeneration in the
r.f. amplifier is often desirable for the purpose
of increasing the gain and selectivity.

As previously discussed, a disadvantage of
the regenerative r.f. amplifier is the need for
an additional regeneration control, and the
difficulty of maintaining alignment between
this circuit and the following tuned circuits.
Resonant effects of antenna systems usually
must be taken into account:; a variable an-
tenna coupling device can sometimes be used
to compensate for this effect, however.

The reason for using regeneration at the
higher frequencies and not at the medium and
low frequencies can be explained as follows:
The signal-to-noise ratio (output signal) of
the average r.f. amplifier is not made higher
by the incorporation of regeneration, but the
signal-to-noise ratio of the receiver as a whole
is improved at the very high frequencies be-
cause of the extra gain provided ahead of the
mixer, this extra gain tending to make the
signal output a larger portion of the total
signal-plus-noise output of the receiver. At low
frequencies an r.f. stage has sufficient gain to
do this without resorting to regeneration.

Signal-Frequency Tuned Circuits

The signal-frequency tuned circuits in su-
perheterodynes and tuned radio frequency
types of receivers consist of coils of either the
solenoid or universal-wound types shunted by
variable condensers. It is in these tuned cir-
cuits that the causes of success or failure of a
receiver often lie. The universal-wound type
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coils usually are used at frequencies below
2000 kc.; above this frequency the single-
layer solenoid type of coil is more satisfactory.

Impedance and Q. The two factors most
affecting the tuned circuits are impedance and
Q. As explained in Chapter 2, Q is the ratio
of reactance to resistance in the circuit. Since
the resistance of modern condensers is low at
ordinary frequencies, the resistance usually can
be considered to be concentrated in the coil.
The resistance to be considered in making Q
determinations is the r.f. resistance, not the
d.c. resistance of the wire in the coil. The
latter ordinarily is low enough that it may be
neglected. This r.f. resistance is influenced by
such factors as wire size and type, and the
proximity of metallic objects or poor insulators,
such as coil forms with high losses. It may
be seen from the curves shown in Chapter 2
that higher values of Q lead to better selectiv-
ity and increased r.f. voltage across the tuned
circuit. The increase in voltage is due to an
increase in the circuit impedance with the
higher values of Q.

Frequently it is possible to secure an in-
crease in impedance in a resonant circuit, and
consequently an increase in gain from an
amplifier stage, by increasing the reactance
through the use of larger coils and smaller
tuning condensers (higher L/C ratio). In spite
of the fact that the Q of the coil probably
will be lowered by this process, the impedance,
which is a function of both reactance and Q,
will be greater because for small increases in
reactances the reactance will increase faster
than the Q decreases. The selectivity will be
poorer, but in superheterodyne receivers selec-
tivity in the signal-frequency circuits is of
minor importance where signals on adjacent
channels are concerned. On the other hand,
the t.r.f. type of receiver requires good se-
lectivity in the tuned circuits, and a compro-
mise between impedance and Q must be made.

Input Resistance. Another factor which
influences the operation of tuned circuits is the
input resistance of the tubes placed across
these circuits. At broadcast frequencies, the
input resistance of most conventional r.f. am-
plifier tubes is high enough so that it is not
bothersome. But as the frequency is increased,
the input resistance becomes lower and lower,
until it ultimately reaches a value so low that
no amplification can be obtained from the r.f.
stage. The two contributing factors to the de-
crease in input resistance with increasing fre-
quency are the transit time required by an
electron traveling between the cathode and
grid, and the inductance of the cathode lead
common to both the plate and grid circuits.
As the frequency becomes higher, the transit
time can become an appreciable portion of the
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Figure 14.
BY-PASSING IN HIGH-FREQUENCY
STAGES.
To reduce the detrimental effects of com-
mon cathode inductance at the higher
frequencies, all by-pass condensers should
be returned directly to the socket cathode
terminal. Certain of the newer type tubes
have two cathode terminals, and with
these types the plate and screen by-passes
should be returned to one terminal and
the grid by-pass to the other.

time required by an r.f. cycle of the signal volt-
age, and current will actually flow into the
grid even though it is biased negatively. The
result of this effect is similar to that which
would be obtained by placing a resistance be-
tween the tube’s grid and cathode.

Since the input resistance of conventional
tubes can reach rather low values at fre-
quencics above 10 Mc. or thereabouts, there
is often no practical advantage to be realized
by going to great pains to design a very high
impedance tuned circuit for these frequencies,
and then shunting it with the tube’s input re-
sistance. At any given frequency the tube in-
put resistance remains constant, regardless of
what is done to the tuned circuit, and increas-
ing the tuned circuit impedance beyond
three or four times the input resistance will
have but little effect on the net grid-to-ground
impedance of the amplifier stage.

The limiting factor in r.f. stage gain is the
ratio of input conductance to the tube trans-
conductance. When the input conductance
becomes so great that it equals the transcon-
ductance, the tube no longer can act as an
amplifier. One of the ways of increasing
the ratio of transconductance to input con-
ductance is exemplified by the *“acorn” and
“miniature” type tubes, in which the input
conductance is reduced through the use of a
smaller element structure while the transcon-
ductance remains nearly the same as that of
tubes ordinarily used at lower frequencies. An-
other method of accomplishing an increase
in transconductance-input conductance ratio
is by greatly increasing the transconductance
at the expense of a proportionately small in-
crease in input conductance. The latter method
is exemplified by the so-called ‘television

pentodes,” which have extremely high trans-
conductance and an input conductance several
times that of the acorn tubes.

A recently-released tube, which will prob-
ably be followed by others of the same general
type, gives an increase in transconductance-
input conductance ratio by the use of separate
cathode leads for the grid and plate returns in
conjunction with a design which gives fairly
high transconductance. By using separate leads
to the cathode for the input-output circuit re-
turn connections, the inductance common to
both circuits may be held to a minimum, and
the input conductance thus decreased.

With conventional tubes having a single
cathode terminal, the only control the con-
structor has over the input resistance is
through eliminating, so far as possible, the
cathode lead inductance commeon to the input
and output circuits. This means that all by-
pass condensers associated with a tube should
be connected separately and directly to the
socket cathode terminal. The ground connec-
tion for the stage may be made by a single
condenser from the cathode to chassis. A
tvpical circuit is shown in Figure 14.

Some of the difficulties presented by input-
resistance effects may be obviated by tapping
the grid down on the coil, as shown in Figure
15. Although this circuit does not actually
cause any reduction in the tube’s input con-
ductance, it does remove some of the loading
from the tuned circuit, and thus will improve
the selectivity. With a tuned circuit, which
by itself has a high impedance, there will
be no loss in r.f. voltage applied to the grid,
and the net result of tapping the grid down
on the coil will be an improvement in selec-
tivity without a loss in stage gain. This circuit
is commonly employed with high-transcon-
ductance tubes when operating on the 28-30
Mc. amateur band, and nearly always with
such tubes on the 56—60 Mc. band. Acorn and
u.h.f. “miniature” tubes, due to their smaller
dimensions and lower capacities, are consider-
ably better than the conventional types at
ultra-high frequencies, and it usually will not
be found necessary to tap their grids down on
the tuned circuit until frequencies around 200
Mec. are reached.

Superheterodyne Tracking. Because the
mixer (and r.f. stages, if any) and the oscil-
lator operate on different frequencies in super-
heterodynes, in some cases it is necessary to
make special provisions to allow the oscillator
to track with the other tuned circuits when
similar tuning condensers are used. The usual
method of obtaining good tracking is to oper-
ate the oscillator on the high-frequency side of
the mixer and use a series ‘“tracking con-
denser” to slow down the tuning rate of the
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~—GRID TAPPED %5 TO Y way
DOWN FROM ~HOT™ END

Figure 15.
REDUCING GRID-LOADING
EFFECTS.
By tapping the grid down on the coil, as
shown, the selectivity may be increased
when high-transconductance tubes are
used at high frequencies.

oscillator. The oscillator tuning rate must be
slower because it covers a smaller range than
does the mixer when both ranges are expressed
as a percentage of frequencv. At frequencies
above 7000 kc. and with ordinary intermediate
frequencies. the difference in percentage be-
tween the two tuning ranges is so small that it
may be disregarded in receivers designed to
cover only a small range, such as an amateur
band.

A mixer and oscillator tuning arrangement
in which a series tracking condenser is pro-
vided is shown in Figure 16. The value of the
tracking condenser varies considerably with
different intermediate frequencies and tuning
ranges, capacities as low as .ooo1 ufd. being
used at the lower tuning-range frequencies,
and values up to .01 ufd. being used at the
higher frequencies.

Bandspread Tuning. The frequency to
which a receiver responds may be varied by
changing the size of either the coils or the
condensers in the tuning circuits, or both.
In short-wave receivers a combination of both
methods is usually employed. the coils being
changed from one band to another, and vari-
able condensers being used to tune the receiver
across each band. In practical receivers. coils
may be changed by one of two methods: a
switch, controllable from the panel, may he
used to switch coils of different sizes into
the tuning circuits or, alternatively. coils of
different sizes may be plugged manually into
the receiver, the connection into the tuning cir-
cuits being made by suitable plugs on the
coils. Where there are several “plug-in” coils
for each band, they are sometimes arranged on
a single mounting strip, allowing them all to
be plugged in simultaneously.

In receivers using large tuning condensers
to cover the short-wave spectrum with a mini-
mum of coils, tuning is likely to be quite dif-
ficult, owing to the large frequency range
covered by a small rotation of the variable
condensers. To alleviate this condition, some

method of slowing down the tuning rate, or
bandspreading, must be used.

Quantitatively, bandspread is usually desig-
nated as being inversely proportional to the
range covered. Thus, a large amount of band-
spread indicates that a small frequency range
is covered by the bandspread control. Con-
versely, a small amount of bandspread is taken
to mean that a large frequency range is cov-
ered by the bandspread dial.

Types of Bandspread. Bandspreading
systems are of two general types: electrical
and mechanical. Mechanical systems are ex-
emplified by high-ratio dials in which the tun-
ing condensers rotate much more slowly than
the dial knob. In this system there is often a
separate scale or pointer either connected or
geared to the dial knob to facilitate accurate
dial readings. However, there is a limit to
the amount of mechanical bandspread which
can be obtained in an inexpensive dial before
the speed-reduction unit develops backlash,
which makes tuning difficult. To overcome
this problem, most receivers employ a combina-
tion of both electrical and mechanical band-
spread. In this system, a moderate reduction
in the tuning rate is obtained in the dial, and
the rest of the reduction obtained by electrical
bandspreading.

Parallel Bandspread. In one form of elec-
trical bandspread, two tuning condensers are
used in parallel across each coil. one of rather
high capacity to cover a large tuning range.
and another of small capacity to cover a small
range around the frequency to which the
large condenser is set. These condensers are
usually controlled by separate dials or knobs,
the large condenser being known as the band-
setting condenser, and the smaller one be-
ing the bandspread condenser. Where there
is more than one tuned circuit in the receiver.
a bandsetting and a bandspread condenser are
used across eackh coil, and all the condensers

L

OSCILLATOR

e—e—m] =] q

SERIES TRACKING
CONDENSER
Figure 16.

OSCILLATOR SERIES TRACKING
CONDENSER ARRANGEMENT.

The series condenser allows the oscillator

to have a slower rate of capacity change

than the mixer.
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serving in each capacity are mechanically con-
nected together, or ganged, thus allowing a
single dial to be used for each purpose, even
though there may be several tuned circuits.

Since the tuning range of a tuned circuit is
proportional to the ratio of minimum to
maximum capacity across it, a wide variation
in the amount of bandspreading is made pos-
sible by a proper choice of the two capacities.
The greater the capacity of the bandsetting
condenser in proportion to the bandspread
condenser, the greater will be the bandspread.

The bandspreading method described above
is usually known as the parallel system. This
?stem, as applied to a single tuned circuit, is

iagrammed in Figure 17A. The large tun-
ing, or bandsetting, condenser, Ce, usually has
a maximum capacity of from 100 to 370 pufd.
Cs, the bandspread condenser, usually has a
value of from 10 to 50 pufd., depending upon
the design of the receiver.

Dual-Rotor Bandspread. A special form
of the parallel bandspread method is used in
some manufactured tuning assemblies. In
this system, a single set of stationary plates
(stator) in the tuning condenser is acted upon
by two separate rotors, one of large capacity
for bandsetting and the other of small capac-
ity for bandspread. Each rotor is operated
by a separate dial. This system allows the
bandsetting and bandspread functions to be
combined in a single tuning-condenser unit.
A variation of this method is sometimes used,
in which the same dial is used for both band-
setting and bandspreading purposes, the
change from one function to the other being
accomplished by a “gear-shifting” mechanism
built into the dial. The schematic of this
bandspread system is shown in Figure 17B.

The parallel system of bandspreading has
one major disadvantage, especially for
amateur-band usage. This disadvantage lies
in the fact that if the bandspreading condenser
is made large enough to cover the lower-
frequency amateur bands with optimum capac-
ity being used across the coil in the band-
setting condenser, an extremely large band-
setting condenser is needed to give an equal
amount of bandspread on the high-frequency
bands. The high capacity across the coils re-
duces the impedance of the tuned circuits on
the high-frequency bands.

Parallel-Bandspread Calculations. The
following formulas will be found useful in de-
signing parallel-bandspread circuits:

Co F.?

Co=——
Fnz hand FL’

, where

Cy=Capacity of “bandsetting” con-
denser (pfd. or pufd.)

Cp=Capacity range of bandspread con-
denser (same units as Cr)

Fr.=Low-frequency end of tuning range
(ke. or Mc.)

Fa=High-frequency end of tuning range
(same units as Fy)

Where it is desired to know the number of
turns to wind on a coil:

/380,ooo (D 4+ 3L) (Fu?2 — F.»
\ D2 C, Fe? Fi2

N=Number of turns

D=Diameter of coil, in inches

L=Length of coil, in inches

Fe=High-frequency end of tuning range, in
megacycles

F.=Low-frequency end of tuning range, in
megacycles

Cs=Capacity range of bandspread con-
denser, in ppfd.

where

In both the above formulas Cp represents
the amount of capacity variation supplied by
the bandspread condenser. In well-designed
midget condensers, the variation will approach
the rated maximum capacity, and the maxi-
mum capacity may be used for Cs without se-
rious error. In the first formula, the result
Cr, will include all fixed capacities across the
circuit, including the input capacity of the
tube, stray capacity to ground, and the mini-
mum capacity of the bandspread condenser.

For the special case where the bandspread
circuit is to cover an amateur band, the fol-
lowing formulas apply:

Ce
CF =, and
K

, where

\/380,000 K (D} 3L)
D2 CB F"2

Cr, Cs, N, D, Fy, and L have the same sig-
nificance as in the preceding two correspond-
ing formulas and K has the following values:

160-meter band (1700-2100 kc.), K=.526

8o-meter band (3450~-4050 kc.), K=.378
4o-meter band (6950-7350 ke.), K=.1184
20-meter band (13,950~14,450 ke.),

K=.0729
10-meter band (27,950-30,050 kc.),
K=.1559

Note that the above values of K are for a
range 50-kc. wider than each amateur band.
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Series Bandspread. The circuit shown in
Figure 17C is known as series bandspread.
This circuit is really nothing more than the
parallel bandspread circuit just described, but
with the single bandspread tuning condenser
replaced by two condensers, Cs and Cgg, in
series. The object of the series connection is
to allow a single bandspread condenser to
be used for all tuning ranges, yet to make it
possible to change the effective capacity of
the - bandspread condenser when bands are
changed. Changing the effective value of the
bandspread condenser from band to band
eliminates the disadvantage of the parallel
bandspread system in regard to securing an
advantageous L/C ratio on all bands, at the
same time having a full-dial bandspread. In
this system, the bandspread condenser, Caps,
usually has a capacity of 100 to 150 wufd,
while the “series” bandsetting condenser. Cs.
may have a capacity of 25 to 5o pufd. Cy is
the usual “trimmer” condenser, and serves to
set the minimum capacity across the whole
circuit. The principle upon which the circuit
operates is that while the minimum capacity
across the coil varies but little for any setting
of Cs, the maximum capacity available may
be varied considerably by varying Cs.

The following formulas apply to the series
bandspread arrangement:

General—
Cps Cr (Fr? — F?)
" il — Co (Fa? — Fu?) |
Crs Cs Fi.2
Cr

T (ConF-Ca) (Fu? — Fu?)

\/ 380,000(D4-3L) (Fy?— F,2) (Cps+Cs)
- D? Cpy Cy Fy? Fi?

where Cr, Fy. Fi,, N, D, and L have the same
significance as in the formulas for parallel
bandspread. Cus and C, are the bandspread,
or “tuning” series condenser and the band-
setting or “fixed” series condenser, respec-
tively. In the formulas for Cs and Cg, the
values of Cps, Cs, and Cr must all be in the
same units, as must Fy and F.. In the formula
for N, Cy, Cs and Cas must be in puufd.; Fa
and F,, must be in megacycles; and D and L
must be in inches.
Amateur Bands—

KCps Cr

Co = ——,
Css — KC»

CB! C!
Cp = ,
K (Cas - Ca)

\/ 380,000 K (D-4-3L) (Cas+Cs)
D2 Cns Cg FHZ

N=

, where

K has the values given with the formulas for
parallel bandspread. Again, in the formulas for
Cs and Cp, the condenser capacities must
be in the same units, and in the formula for
N, the capacities must be in yufd., the coil di-
mensions in inches, and Fg in megacycles.

Tcs_.
Ce #CFIC
E T as
©

—
E 2
C57 :
————
©
Figure 17.

BANDSPREAD CIRCUITS.
Parallel bandspread is shown at A and B,
series bandspread at C, and tapped-coil
bandspread at D. The operation of these

circuits is discussed in the text.

L
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One great disadvantage of series bandspread
is the extreme non-linearity of tuning when
the bandspread and “fixed” series condensers
have widely different capacities. The net ca-
pacity across the coil changes rapidly with the
change in bandspread capacity, when the
bandspread condenser is near minimum capac-
ity. Thus, as the bandspread condenser is ro-
tated toward minimum capacity, the change in
net capacity becomes more and more for each
degree of angular rotation. Series bandspread
thus causes the high frequency end of the
band to be squeezed into a few dial degrees
and the rest of the band to spread out across
the rest of the dial range. Some of this diffi-
culty can be eliminated by placing a fixed mini-
mum capacity across the bandspread con-
denser to keep the minimum capacity substan-
tially greater than the capacity of the series
condenser, or by using a bandspread condenser
with specially shaped plates. The first method
has the disadvantage of requiring still an-
other condenser in the tuned-circuit, while the
second requires a tuning condenser ordinarily
not available to the home constructor.
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Tapped-Coil System. To allow equal
bandspread on the amateur bands and still
not use extremely high bandsetting capacities
on the higher frequencies, the variation of
the parallel system shown in Figure 17D is
often employed. As the bandspread condenser,
Cy, is connected across part of the coil, this
method is usually known as the tapped coil
system.

The ecffectiveness of the bandspread con-
denser in tuning the coil depends upon the
amount of the coil included across the band-
spread condenser terminals. As the number of
turns between the bandspread condenser termi-
nals is decrcased, the amount of bandspread
increases.

In most amateur-band receivers employing
the tapped-coil system of bandspreading, a
separate bandsetting condenser is permanently
connected across each coil. These condensers
are either mounted within the coils, in the
plug-in-coil system, or alongside the coils in
the bandswitching system.

The tapped-coil bandspread method is quite
widely used in modern amateur-band receivers,
especially in home constructed sets. Its princi-
pal advantage is that it allows equal band-
spread, to any degree desired, over several
amateur bands. Another advantage is that it
facilitates accurate tracking in ganged tuning
circuits; the coil taps are adjusted until the
circuits track identically.

Best results with the tapped-coil system
will be obtained when Cg is made just large
enough to tune the widest band when con-
nected completely across a suitable coil, and
then tapping Cs down the required amount
on the narrower bands. (By “widest band”
is meant the widest in terms of percentage,
not kilocycles. The widest amateur band. thus.
is the 160-meter band, even though it is next
to the narrowest in terms of actual kilocycles.)

Calculating the correct point for the loca-
tion of the tap in the tapped-coil system is
rather complicated, and for this reason, tapped-
coil data is given in the form of design charts
for each amateur band in Figure 18. When
either the inductance of the coil or the ca-
pacity required for resonance at the high-
frequency end of the band is known, the
charts will give the proper location of the
bandspread tap with good accuracy.

As with the preceding formulas for series
and parallel bandspread, the tapped-coil charts
apply only to circuits tuned to the signal fre-
quency; i.e., they are not accurately applica-
ble to superheterodyne oscillator coils. The
lower the i.f. channel frequency and the higher
the signal frequency the greater will be their
accuracy for oscillator coil purposes. When
the intermediate frequency is 465 kc. or lower,

the curves for the three higher frequency
bands will serve with acceptable accuracy for
locating the oscillator coil bandspread tap.

Circuit Capacity. In this book and in
other radio literature, mention is sometimes
made of “stray” or circuit capacity. ‘This
capacity is in the usual sense defined as the
capacity remaining across a coil when all the
tuning, bandspread, and padding condensers
across the circuit are at their minimum capac-
ity setting. Circuit capacity can be attributed
to two general sources. One source, which is
fixed for any particular type of tube, is that
due to the “cold” input capacitance of the
tube when its cathode is not heated. The input
capacitance varies somewhat from the fixed
value when the tube is in actual operation.
Such factors as plate load impedance, grid bias,
and frequency will cause a change in input
capacitance. However, in all except the ex-
tremely high-transconductance tubes, the pub-
lished measured input capacitance is quite
close to the effective value. In the high-
transconductance types, however, the effective
capacitance does vary considerably from the
published figures, under different operating
conditions.

The second source of circuit capacity, and
that which is more easily controllable, is that
contributed by the minimum capacity of the
variable condensers across the circuit and
that due to capacity between the wiring and
ground. In well-designed high-frequency re-
ceivers, every effort is made to keep this por-
tion of the circuit capacity at a minimum,
since a large capacity reduces the tuning range
available with a given coil and prevents a
good L/C ratio, and consequently a high-
impedance tuned circuit, from being obtained.

Typical values of circuit capacity may run
from 10 to 75 uufd. in high-frequency receiv-
ers, the first figure representing concentric-line
receivers with acorn or miniature tubes and
extremely small tuning condensers. and the
latter representing all-wave sets with band-
switching, large tuning condensers, and con-
ventional tubes.

I.F. Tuned Circuits

All i.f. amplifiers employ bandpass circuits
of some sort. A bandpass circuit is exactly
what the name implies—a circuit for passing
a band of frequencies. Bandpass arrangements
can be designed for almost any degree of se-
lectivity, the type used in anv particular ap-
plication depending upon the use to which the
i.f. amplifier is to be put.

Bandpass Circuits. Bandpass circuits con-
sist essentially of two or more tuned circuits
and some method of coupling the tuned cir-
cuits together. Some representative arrange-
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Figure 18.
TAPPED-COIL BANDSPREAD CHARTS.

To use the charts, locate the coil inductance in the col-
umns at the right or left opposite the band in question.
Reading to the right or left opposite the coil inductance,
the proper location of the bandspread tap 'B” will be
found below the intersection of the inductance and the
curve marked with the bandspread condenser capacity.
The capacities given in the vertical columns are those re-
quired to resonate a coil of the indicated inductance at
the high-frequency end of the tuning range with the
bandspread condenscr disconnected from the coil. This
capacity will include the parallel trimmer condenser and
all stray capacity across the coil. Greatest accuracy in
using the charts will probably be obtained by calculating
the coil inductance directly from the formula given on
page 35. The charts assume that the coil length and
diameter are equal, but will be acceptably accurate for
moderate deviations from this d/l ratio.
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ments are shown in Figure 19. The circuit
shown at A is the conventional i.f. trans-
former, with the coupling, M, between the
tuned circuits being provided by inductive
coupling from one coil to the other. As the
coupling is increased, the selectivity curve be-
comes less peaked, and when a condition
known as “critical coupling” is reached, the
top of the curve begins to flatten out. When
the coupling is increased still more, a dip oc-
curs in the top of the curve. The windings
for this type of if. transformer, as well as
most others, nearly always consist of small,
flat universal-wound pies mounted either on a
piece of dowel to provide an air core or on
powdered-iron impregnated bakelite for “iron
core” i.f. transformers. The iron-core trans-
formers generally have somewhat more gain
and better selectivity than equivalent air-core
units between 175 and 2000 kc.
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LF. AMPLI;iquélel BAND-PASS
CIRCUITS.

The ordinary i.f. transformer circuit is
shown at A. Other circuits are intended
to give a straight-sided, flat-topped selecs
tivity characteristic to the i.f. amplifier.

The circuits shown at B and C are quite sim-
ilar. Their only difference is the type of
mutual coupling used, an inductance being used
at B and a capacitance at C. The operation of
both circuits is similar. Three resonant circuits
are formed by the components. In B, for ex-
ample, one resonant circuit is formed by Ly, Cy,
Cz, and L, all in series. The frequency of this
resonant circuit is just the same as that of a
single one of the coils and condensers, since
the coils and condensers are similar in both
sides of the circuit, and the resonant frequency
of the two condensers and the two coils all in
series is the same as that of a single coil and
condenser. The second resonant frequency of
the complete circuit is determined by the char-
acteristics of each half of the circuit containing
the mutual coupling device. In B, this sec-
ond frequency will be lower than the first, since
the resonant frequency of L;, C; and the in-
ductance, M, or L, C; and M is lower than
that of a single coil and condenser, due to the
inductance of M being added to the circuit.
The opposite effect takes place at C, where the
common coupling impedance is a condenser.
Thus, at C the second resonant frequency is
higher than the first. In either case, however,
the circuit has two resonant frequencies, re-
sulting in a flat-topped selectivity curve. The
width of the top of the curve is controlled by
the reactance of the mutual coupling com-
ponent. As this reactance is increased (in-
ductance made greater, capacity made small-
er), the two resonant frequencies become far-
ther apart and the curve is broadened.

The circuit of Figure 19D is often used
where a fairly high degree of bandpass action
is required and the number of if. transform-
ers used must be kept at a minimum. In this
circuit there is inductive coupling between the
center coil and each of the outer coils. The
result of this arrangement is that the center
coil acts as a sharply tuned coupler between
the other two. A signal somewhat off the
resonant frequency of the transformer will
not induce as much voltage in the center coil
as will a signal of the correct frequency. When
a smaller voltage is induced in the center coil,
it in turn transfers a still smaller voltage to the
output coil. In other words, the effective cou-
pling between the outer coils increases as the
resonant frequency is approached, and re-
mains nearly constant over a small range and
then decreases again as the resonant band is
passed.

Another very satisfactory bandpass arrange-
ment, which gives a very straight-sided, flat-
topped curve, is the negative-mutual arrange-
ment shown at E. Energy is transferred be-
tween the input and output circuits in this
arrangement by both the negative-mutual coils,
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Figure 20.
CRYSTAL FILTER EQUIVALENT
CIRCUIT.

With a constant input voltage, the r.f.
voltage developed across Z; depends upon
the impedances of Z, X, and Z..

M, and the common capacitive reactance, C.
The negative-mutual coils are interwound on
the same form, and connected “backward,” as
shown.

Crystal Filters. The selectivity of the in-
termediate-frequency amplifier may be in-
creased greatly through the use of an ex-
tremely high Q piezo-electric series resonant
circuit. The piezo-electric quartz crystal, to-
gether with its coupling arrangement, is gen-
erally known as a crystal filter. The electrical
equivalent of the basic crystal filter circuit is
shown in Figure 20, while the electrical equiv-
alent of the crystal itself is shown in Figure
21,

At its resonant frequency. the crystal, X.
is equivalent to a small resistance, and thus
at this frequency the current flowing through
the circuit, Z, X, Z; reaches a maximum, and
the output voltage E,.. is also at its maximum
value. At frequencies slightly off resonance, the
crystal impedance becomes quite high and the
current flowing through the circuit, and con-
sequently the voltage E,.. developed across
Z,, drops to a low value. It is the ratio of E...
at resonance to this voltage, at frequencies
away from resonance, that determines the se-
lectivity characteristic of the crystal filter.
This ratio may be shown to depend upon the
values of the impedances Z and Z,. These
impedances remain nearly constant for fre-
quencies near crystal resonance, and the selec-
tivity of the filter circuit as a whole may be
altered hy changing their resonant frequency
values. The variable selectivity crystal filter
circuits quite often used in communications
superheterodynes operate on this principle.

Practical Filters. In practical crystal fil-
ters it is necessary to balance out the ca-
pacity across the crystal holder (C, in Figure
21) to prevent by-passing around the crystal
of undesired signals off the crystal resonant
frequency. The balancing is done by a phasing
circuit which takes out-of-phase voltage from
a balanced input circuit and passes it to the
output side of the crystal in proper phase to
neutralize that passed through the holder ca-

L c R
— GO — ——wwww——
o— ——o0
Cy
11
L1}
Figure 21.

CRYSTAL EQUIVALENT.
The crystal is equivalent to a very large
inductance in series with a very small re-
sistor and condenser.

pacity. A representative practical filter ar-
rangement is shown in Figure 22. The phasing
condenser is indicated in the diagram by PC.
The balanced input circuit may be obtained
either through the use of a split-stator con-
denser as shown, or by the use of a center-
tapped input coil.

Variable-Selectivity Filters. In the cir-
cuit of Figure 22, the selectivity is mini-
mum with the crystal input circuit tuned
to resonance, since at resonance the input cir-
cuit is a pure resistance effectively in series
with the voltage applied to the crystal. As the
input circuit is detuned from resonance, how-
ever, the resistive component of the input im-
pedance decreases, and the selectivity becomes
greater. In this circuit, the output from the
crystal filter is tapped down on the i.f. stage
grid winding to provide a better match and
lower the impedance in series with the crystal.

CRYSTAL
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Figure 22,

VARIABLE-SELECTIVITY CRYSTAL
CIRCUIT.
In this circuit the selectivity is at a
minimum when the input circuit is tuned
to resonance.

The circuit shown in Figure 23 also achieves
variable selectivity by adding an impedance
in series with the crystal circuit. In this case,
the variable impedance is in series with the
crystal output circuit. The impedance of the
output tuned circuit is varied by varying the
Q. As the Q is reduced (by adding resistance
in series with the coil), the impedance de-
creases and the selectivity becomes greater.
The input circuit impedance is made low by
using a non-resonant secondary on the input
transformer.

A variation of the circuit shown at Figure 23
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Figure 23,
WIDE-RANGE VARIABLE-SELEC-
TIVITY CRYSTAL FILTER.
As the impedance of the crystal output
circuit is lowered, by inserting more re-
sistance in series with the coil, the selec-
tivity of the filter circuit is improved.

consists of placing the variable resistance
across the coil and condenser. rather than in
series with them. The result of adding the
resistor is a reduction of the output im-
pedance, and an increase in selectivity. The
circuit behaves oppositely to that of Figure
23, however: as the resistance is lowered the
selectivity becomes greater. Still another vari-
ation of Figure 23 is to use the tuning con-
denser across the output coil to vary the
output impedance. As the output circuit is
detuned from resonance, its impedance is
lowered, and the selectivity increases. Some-
times a set of fixed condensers and a multi-
point switch are used to give step-by-step vari-
ation of the output circuit tuning. and thus
of the crystal filter selectivity.

Interference Rejection. The crystal filter
phasing condenser can be adjusted so that
parallel resonance between it and the crystal
causes a sharp dip in the response curve at
some desired point. such as 2 kc. from the de-
sired signal peak. This effect can be utilized
to eliminate completely the unwanted side-
band 1 kc. away from zero beat for c.w. recep-
tion. The b.f.o. then provides a true single
signal effect. that is, a single beat frequency
note. This effectively increases the number of
c.w. channels that can be used in any short-
wave band.

Reducing Input Capacity Variations. As
the previous discussion on crystal filters has
indicated, the selectivity of the crystal filter
can be altered by changing the impedance of
the crystal output circuit. Since the im-
pedance at crystal frequencv of the output
circuit can be varied by detuning it as well
as by varying its Q. it is important that the
input capacity of the tube following the filter
remain constant when the gain of this stage
is varied. The input capacity may be stabilized
with respect to changes in the tube’s ampli-
fication by emploving a small amount of de-
generation, as illustrated in TFigure 24. The
amount of degeneration which can be used will

TO CRYSTAL.
FILTER
=4
K
3
3
3
= +8
TO AV.C. TO MANUAL
VOLUME CONTROL
Figure 24,

DEGENERATIVE LF. STAGE.

Degenecration in the i.f. stage following

the crystal filter is desirable to avoid in-

put capacity changes when the gain is
varied.

depend upon the amount of gain which can be
sacrificed in the i.f. stage following the crystal
filter. Values for R will ordinarily fall between
one-third and two-thirds of the total resistance
in the cathode circuit, exclusive of the manual
gain control.

Detector, Audio, and Control Circuits

Detectors. Second detectors for use in su-
perheterodynes are usually of the diode, plate,
or infinite impedance types. which were de-
scribed in detail in Chapter 3. Occasionally,
grid-leak detectors are used in receivers using
one i.f. stage or none at all, when the second
detector is regenerative.

Diodes are the most popular second de-
tectors because they allow a simple method of
obtaining automatic volume control to be
used. Diodes load the tuned circuit to which
they are connected. however, and thus reduce
the selectivity slightly. Special i.f. transform-
ers are used for the purpose of providing a low-
impedance input circuit to the diode detector.

Automatic Volume Control. The ele-
ments of an automatic volume control (av.c.)
svstem are shown in Figure 25. A dual-diode
tube is used as a combination diode detector
and a.wv.c. rectifier. The left-hand diode op-
erates as a simple rectifier in the manner de-
scribed earlier in this chapter. Audio voltage,
superimposed on a d.c. voltage, appears across
the 500.000-chm potentiometer (the volume
control) and the .coor-ufd. condenser, and is
passed on to the audio amplifier. The right-
hand diode receives signal voltage directly
from the primary of the last if. amplifier.
and it acts as the a.v.c rectifier. The pulsat-
ing d.c. voltage across the 1-megohm a.v.c.-
diode load resistor is filtered by a 500.000-ochm
resistor and a .05-ufd. condenser, and applied
as bias to the grids of the r.f. and i.f. amplifier
tubes; an increase or decrease in signal
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strength will cause a corresponding increase or
decrease in a.wv.c. bias voltage, and thus the
gain of the receiver is automatically adjusted
to compensate for changes in signal strength.

By disassociating the a..c. and detecting
functions through using separate diodes, as
shown, most of the ill effects of a.c. shunt load-
ing on the detector diode are avoided. This
type of loading causes serious distortion, and
the additional components required to elimi-
nate it are well worth their cost. Even with
the circuit shown, a.c. loading can occur unless
a very high (5 megohms, or more) value of
grid resistor is used in the following audio
amplifier stage. An alternative to using a high
value of grid resistor is to connect the poten-
tiometer arm directly to the audio stage grid,
without an intervening coupling condenser.
This method allows the d.c. voltage across the
detector diode load resistor to be used as grid
bias for the audio stage. Since the amount of
bias will vary with changes in signal strength
and changes in the setting of the volume con-
trol, it is essential that the audio stage be re-
sistance coupled and have a high value of
plate resistance when this method is used.

An a.wv.c. circuit which may be added to a
receiver not so equipped is shown in Figure 26.
In this circuit, the pentode section of a duplex-
diode-pentode is used as a resistance coupled
1.f. amplifier which receives its excitation from
the detector grid circuit. The output from the
pentode is applied to the two diodes in parallel,
through a coupling condenser, and the rectified
voltage across the diode load resistor is used
as a.v.c. bias.

A V.C. in B.F.O.-Equipped Receivers.
In receivers having a beat-frequency oscillator
for the reception of radiotelegraph signals, the
use of a.v.c. can result in a great loss in sensi-
tivity when the b.f.o. is switched on. This is

DETECTOR
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Figure 26.

A.V.C. CIRCUIT FOR ANY
SUPERHETERODYNE.

This circuit may be added to a receiver

not equipped with a.v.c. The duo-diode-

pentode acts as an a.v.c. amplifier and
diode rectifier.

hecause the beat oscillator output acts exactly
like a strong received signal, and causes the
a.v.c. circuit to put high bias on the r.f. and
i.f. stages, thus greatly reducing the receiver’s
sensitivity. Due to the above effect, it is neces-
sary to provide a method of making the a.v.c.
circuit inoperative when the b.f.o. is being
used. The simplest method of eliminating the
a.v.c. action is to short the a.v.c. line to ground
when the b.f.o. is turned on. A two-circuit
switch may be used for the dual purpose of
turning on the beat oscillator and shorting
out the a.v.c., if desired.

Signal Strength Indicators. Visual means
for determining whether or not the receiver is

MIXER

Figure 25.
DOUBLE-DIODE DETECTOR-A. V. C. CIRCUIT.
Any of the ordinary small dual-diode tubes may be used in this circuit. The left-hand
diode serves as the detector, while the right-hand section operates as an a.v.c. rectifier.
Using separate diodes for the detector ?nddla.v.c. functions helps to improve the audio
elity.
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Figure 27.

USING A LOW-RANGE MILLIAM-
METER AS A TUNING OR SIGNAL
STRENGTH INDICATOR.

The plate current to an i.f. stage varies
as the av.c. bias changes. A 0-10 d.c.
milliammeter will serve in most cases. The
meter reads “‘backwards” in this circuit,
strong signals causing the current to de-
crease more than weak ones.

properly tuned, as well as an indication of the
relative signal strength, are both provided by
means of tuning indicators of the meter or
vacuum-tube types. Direct current milliam-
meters can be connected in the plate-supply
circuit of an r.f. amplifier, as shown in Figure
27, so that the change in plate current, due to
the a.v.c. voltage which is supplied to that
tube, will indicate proper tuning. Sometimes
these d.c. meters are built in such a manner as
to produce a shadow of varying width.
Vacuum-tube tuning indicators are designed so
that an electron-ray “eye’ pattern changes its
size when the input circuit of the tube is con-
nected across all or part of the a.v.c. voltage.
The basic circuit for this type of indicator is
illustrated in Figure 28.

Unfortunately, when an ordinary meter is
used in the plate circuit of a stage, for the
purpose of indicating signal strength, the meter
reads backward with respect to strength. This
is because increased a.v.c. bias on stronger
signals causes lower plate current through the
meter. For this reason, special meters which
indicate zero at the right-hand end of the
scale are often used for signal strength indi-
cators in this type of circuit. Alternatively,
the meter may be mounted upside down, so
that the needle moves toward the right with in-
creased signal strength.

A circuit which allows an ordinary meter to .

be used, and which gives conventional right-
hand movement of the needle with increased
signal strength, is shown in Figure 29. The
plate (or plate and screen) current to the
stages receiving a.v.c. bias is fed through one-
half of a bridge network. The meter, M, is
usually a o-1 milliammeter. The resistor val-
ues shown are average ones; it may be neces-
sary to change them slightly, depending upon

BE5 LoMec +2%0 V.

AV.C. SUPPLY
Figure 28.
ELECTRON-RAY TUNING
INDICATOR.

Other “eye’” tubes such as the 6U5 and
6ABS may also be used in this circuit.

TO PLAFES OF STAGES ON AV.C. LINt

1000

F1%
M +8

2000 0
2
R2 300000
2 —B
Figure 29.

FORWARD-READING SIGNAL
STRENGTH METER CIRCUIT.:

Placing the meter in a bridge circuit

allows it to read in a “forward” direction

in respect to signal strength. The meter is
usually a 0-1 milliammeter.

the number of stages drawing current through
the network. Using a lower value at R will
give greater “swing” for a given signal strength,
while larger values will reduce the swing. The
variable 1000-ohm resistor is used to set the
meter for minimum indication when no signal
is being received.

Beat-Frequency Oscillators. The beat-
frequency oscillator, usually called the b.f.0.,
is a necessary adjunct for reception of c.w.
telegraph signals on superheterodynes which
do not use regenerative detectors. The oscil-
lator is coupled into the second detector circuit
and supplies a signal of nearly the same fre-
quency as that of the desired signal from the
i.f. amplifier. If the i.f. amplifier is tuned to
465 kc., for example, the b.f.o. is tuned to
approximately 464 or 466 kc. in order to pro-
duce a 1ooo-cycle beat note in the output of
the second detector of the receiver. The car-
rier signal would otherwise be inaudible. The
b.f.o. is not used for voice reception, except
as an aid in searching for weak stations,

The b.f.o. input to the second detector need
only be sufficient to give a good beat note on
an average signal. Too much coupling into the
second detector will give an excessively high
hiss level, masking weak signals by the high
noise background.
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A method of manually adjusting the b.f.o.
output to correspond with the strength of re-
ceived signals is shown in Figure 30. A var-
iable b.f.o. output control of this sort is a
useful adjunct to any superheterodyne, since
it allows sufficient b.f.o. output to be obtained
to give a “beat” with strong signals and at
the same time permits the b.f.o. output, and
conscquently the hiss, to be reduced when at-
tempting to receive weak signals. The circuit
shown is somewhat hetter than those in which
one of the electrode voltages on the b.f.0. tube
is changed, as the latter usually change the
frequency of the b.f.o. at the same time they
change the strength, making it necessary to
reset the trimmer each time the output is
adjusted.

70 _2ND DETECTOR
THAU VERY SMALL
COUPLING CONDENSER
(108 2 UurFD)
Figure 30.
VARIABLE-OUTPUT B.F.O.
CIRCUIT.

Being able to vary the output of the
b.f.o. is sometimes helpful when receiv-
ing weak signals.

Noise Suppression

The problem of noise suppression confronts
the listener who is located in such places where
interference from power lines, electrical ap-
pliances, and automobile ignition systems is
troublesome. This noise is often of such in-
tensity as to swamp out signals from desired
stations.

There are three principal methods for re-
ducing this noise:

(1) A.c. line filters at the source of inter-
ference, if the noise is created by an elec-
trical appliance.

(2) Noise-balancing circuits for the reduction
of power-leak interference.

(3) Noise-limiting circuits for the reduction,
in the receiver itself, of interference of
the type caused by automobile ignition
systems.

Power Line Filters. Numerous household
appliances, such as electric mixers, heating
pads, vacuum sweepers, refrigerators, oil burn-
ers, sewing machines, doorbells, etc., create an
interference of an intermittent nature. The

Noise Suppression 93

SIGNAL ANTENNA
TUNED CIRCUIT
K

100
CaJ‘ 100 'll}-%
| Jp 100
= NG
NOISE ANTENNA

Figure 31.

JONES NOISE-BALANCING
CIRCUIT.
This circuit, when properly adjusted, re-
duces the intensity of power-leak and
similar interference.

insertion of a line filter near the source of
interference often will effect a complete cure.
Filters for small appliances can consist of a
o.1-ufd. condenser connected across the I110-
volt a.c. line. Two condensers in series across
the line, with the midpoint connected to
ground, can be used in conjunction with ultra-
violet ray machines, refrigerators, oil burner
furnaces, and other more stubborn offenders.
In severe cases of interference, additional fil-
ters in the form of heavy-duty r.f. choke coils
must be connected in series with the 110-volt
a.c. line on both sides of the line.

Noise Balancing. Power line noise inter-
ference can be greatly reduced by the instal-
lation of a noise-balancing circuit ahead of the
receiver, as shown in Figure 31. The noise-
balancing circuit adds the noise components
from a separate noise antenna in such a man-
ner that this noise antenna will buck the noise
picked up by the regular receiving antenna.
The noise antenna can consist of a connection
to one side of the a.c. line, in some cases,
while at other times an additional wire, 20 to
50 feet in length, can be run parallel to the
a.c. house supply line. The noise antenna
should pick up as much noise as possible in
comparison with the amount of signal pickup.
The regular receiving antenna should be a
good-sized outdoor antenna, so that the signal-
to-noise ratio will be as high as possible. When
the noise components are balanced out in the
circuit ahead of the receiver, the signals will
not be appreciably attenuated.

This type of noise balancing is not a simple
process; it requires a bit of experimentation in
order to obtain good results. However, when
proper adjustments have been made, it is pos-
sible to reduce the power leak noise from 3 to
5 “S” points without reducing the signal
strength more than one S point, and in some
cases there will be no reduction in signal
strength whatsoever. This means that fairly
weak signals can be received through terrific
power leak interference. Hash type inter-
ference from electrical appliances can be re-
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duced to a very low value by means of the
same circuits.

The coil should be center-tapped and con-
nected to the receiver ground connection in
most cases. The pickup coil consists of 4 turns
of hookup wire 2 inches in diameter. which can
be slipped over the first r.f. tuned coil in most
radio receivers. A 2-turn coil is more appro-
priate for 10- and 20-meter operation, though
the g-turn coil is suitable if care is taken in
adjusting the condensers to avoid 1o-meter
resonance (unless very loose inductive cou-
pling is used).

Adjustment of C, will generally allow a
noise balance to be obtained when varying C,
and C;. One antenna, then the other, can be
removed to check for noise in the receiver.
When properly balanced, the usual power line
buzz can be balanced down nearly to zero
without attenuating the desired signal more
than 5o per cent. This may result in the re-
ception of an intelligible distant signal through
extremely bad power line noise. Sometimes an
incorrect adjustment will result in balancing
out the signal as well as the noise. A good
high antenna for signal reception will ordi-
narily overcome this effect.

With this circuit, some readjustment is
necessary from band to band in the short-wave
spectrum; noise-balancing systems require a
good deal of patience and experimenting at
each particular receiving location.

Noise-Limiting Circuits. Several different
noise-limiting circuits have become popular.
These circuits are beneficial in overcoming
automobile ignition interference. They operate
on the principle that each individual noise
pulse is of very short duration, yet of ex-
tremely high amplitude. The popping or click-
ing type of noise from electrical ignition sys-
tems may produce a signal having a peak value
ten to twenty times as great as the incoming
radio signal,

As the duration of this type of noise peak is
short, the receiver can be made inoperative
during the noise peak without the human ear
detecting the total loss of signal. Some noise
limiters, or eliminators, actually punch a hole
in the signal, while others merely limit the
maximum peak signal which reaches the head-
phones or loudspeaker.

The noise peak is of such short duration
that it would not be objectionable except for
the fact that it produces an overloading effect
on the receiver, which increases its time con-
stant. A sharp voltage peak will give a kick
to the diaphragm of the headphones or speaker,
and the momentum or inertia keeps the dia-
phragm in motion until the dampening of the
diaphragm stops it. This movement produces
a popping sound which may completely obliter-

ate the desired signal. If the noise peak can
be limited to an amplitude equal to that of
the desired signal, the resulting interference
is practically negligible.

1ST A F TUBE
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Figure 32.
A.F. NOISE LIMITER.
A limiter such as this is effective in re-
ducing short-duration noise pulses, such
as automobile ignition interference.

AF. Peak Limiters. Remarkably good
noise suppression can be obtained in the audio
amplifier of a radio receiver by using a de-
layed push-pull diode suppressor.

The circuit in Figure 32 can be used to de-
scribe the operation of this general type of
noise suppressor or limiter. Each diode works
on opposite noise voltages; that is, both sides
of the noise voltage (4- and — portions of the
a.c. components), are applied to diodes which
short-circuit the load whenever the applied
voltage is greater than the delay voltage. The
delay bias voltage prevents diode current from
flowing for low-level audio voltages, and so
the noise circuit has no effect on the desired
signals except during the short interval of
noise peaks. This interval is usually so short
that the human ear will not notice a drop in
signal during the small time that the load
(headphones) is short-circuited by the diodes.

Delay bias voltage of 134 volts from a small
flashlight cell will allow any signal voltage
which has a peak of less than about 14 volts
to operate the headphones. Noise peaks often
have values of from 5 to 20 times as great as
the desired signal; so these peaks operate the
diodes, causing current to flow and a sudden
drop in impedance across the headphones.

Diodes have nearly infinite impedance when
no diode current is flowing: however, as soon
as current starts, the impedance will drop to
a very few hundred ohms, which tends to
damp out or short circuit the audio output.
The final result is that the noise level from
automobile ignition is limited to values no
greater than the desired signal. This is low
enough to cause no trouble in understanding
the voice or c.w. signals.

A push-pull diode circuit is necessary be-
cause the noise peaks are of an a.c. nature and
are not symmetrical with respect to the zero
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a.c. voltage reference level. The negative peaks
may be greater than the positive peaks, de-
pending on the bias and overload character-
istics of the audio amplifier tube. If a single
diode is used, only the positive (or negative)
peaks could be suppressed. In Figure 29 the
two bias dry-cells are arranged to place a
negative bias on each diode plate of 13 volts.
A positive noise voltage peak at the plate of
the audio amplifier tube will overcome this
negative bias on the top diode plate and cause
diode current to flow and lower the impedance.
A negative noise voltage peak will overcome
the positive bias on the other diode cathode
and cause this diode to act as a noise sup-
pressor. A positive bias on the cathode is the
same as a negative bias on the diode plate.
The 6H6 has two separate cathodes and plates,
hence lends itself readily to the simple circuit
illustrated in Figure 32.

Circuits of this type are very effective for
short-pulse noise elimination because they tend
to punch a hole in the signal for the duration
of a strong noise voltage peak, A peak that
will cause a loudspeaker or headphones to
rattle with a loud pop will be reduced to a
faint pop by the noise-limiting svstem. The
delay bias prevents any attenuation of the de-
sired signal as long as the signal voltage is less
than the bias.

+B 250 v.

Figure 33.
ADJUSTABLE NOISE LIMITER,
With this circuit the bias on the limiter
diodes is adjustable for different noise
levels. The center-tapped choke may be
the primary of a small pentode output
transformer.

With this type of noise limiter it is possible
to adjust the audio or sensitivity gain controls
so that the auto ignition noise seems to drop
out, leaving only the desired signal with a
small amount of distortion. Lower gain set-
tings will allow some noise to get through but
will eliminate audio distortion on voice or
music reception. At high levels, the speech or
music peaks will be attenuated whenever they
exceed the d.c. delay bias voltage. Faint igni-
tion rattle will always be audible in the back-
ground with any noise-suppressor circuit, since

AF, OUTPUT
OF RECEIVER

- mmlmh—'ﬁ os
22.5V.0R 45 V.

SMALL CLASS B OUTPUT TRANSFORMER
1:31 OR 213 RATIO

(PRIMARY AND SECONDARY REVERSED )}
Figure 34.
NOISE LIMITER FOR USE WITH
LOUDSPEAKER.
The high bias on this dual-diode noise
limiter allows it to be used on high-level
audio stages.

some noise peaks are too small to operate the
systems, yet are still audible as a weak rattle
or series of pops in the headphones.

Figures 33 and 34 show two noise-limiter
circuits which can be used as separate units for
connection to any receiver. The unit shown in
Figure 33 can be connected across any head-
phone output as long as there is no direct cur-
rent flowing through the phones. A blocking
condenser can be connected in series with it if
necessary, though better noise suppression re-
sults when the blocking condenser is in series
with the plate lead to the headphones. Delay
bias is obtained from the plus B supply through
a 15,000-chm 1o-watt resistor and a 200-ohm
wire-wound variable resistor. The cathode or
cathodes are made a volt or two positive with
respect to ground and minus B connection.

The diode plates are connected through a
center-tapped low resistance choke to ground
as far as bias voltage is concerned. Any push-
pull to voice coil output transformer can be
used for the center-tapped choke in Figure 33.
The secondary can be left open. The delay
bias is adjustable from o up to about 3 volts
and once set for some noise level, can be left
in that position.

The unit illustrated in Figure 34 can be con-
nected across any audio amplifier stage, even
the output stage which drives a loudspeaker.
Any bias from 1} to 9o volts or more can be
connected in series with the center tap and the
6Z4 tube cathode. The higher values of delav
hias would be needed for high output levels
from the loudspeaker, Generally, 22%- to 45-
volts bias will allow enough delay to allow
moderate room volume reception of the de-
sired voice signals without leveling off and
distortion. The bias should be as low as pos-
sible, without distortion. in order to obtain
effective noise suppression.

Second-Detector Noise Limiters. There
are numerous arrangements for noise limiting
in the second detector circuit. Tests con-
ducted with a great many of these circuits have
indicated that the ones shown in Figures 35,
36 and 37 are the most practical and desirable
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for use in amateur communications receivers.
The noise-silencing action of these limiters is
obtained either by shorting the noise pulses to
ground, or by opening an “electronic switch”
in series with the audio current on each noise
pulse. The circuit of Figure 35 is an example
of the first method, while those of Figures 36
and 37 are of the latter type.

The Dickert noise limiter circuit shown in
Figure 35 makes use of a diode detector and a
small class B triode such as the 6A6, 6N7, or
79 as the noise limiter tube. The latter tubes
are used because, at zero or negative grid volt-
age and a small amount of plate potential, they
draw very little plate current.

Under normal operation. with a received
carrier, the grid of the 6N7 is biased nega-
tively by an amount slightly less than half the
rectified carrier voltage. This means that for
modulation percentages up to nearly 100 per
cent, the resistance of the 6N7 will remain
very high due to its grid always remaining
negative with respect to the cathode. Note
also that the grid is supplied with d.c. through
a filter circuit with a comparatively high time
constant, so that the actual grid potential varies
but very slowly with changing external con-
ditions.

With the reception of a noise pulse the
cathode of the 6N7 is instantaneously driven
highly negative, while the control grid main-
tains the moderate carrier-level bias due to
the time constant of the filter feeding it. An-
other way of stating that the cathode goes
negative with respect to the grid is, of course,
to say that the control grid is driven positive.

LF.
,i%

AV.C. IMEG. 1MEG.

6H6 DETECTOR
250000 1
-00008

6J5 AF.

6N7[LIMITER

AAAA
VWW

Figure 35.

DICKERT AUTOMATIC LIMITER.
This limiter will automatically adjust stsel f
to various amounts of carrier strength.
The recommended values of components

are shown.

Also, at the same time that the control grid
goes positive, the same noise pulse drives the
plate of the 6N7 more positive due to the com-
mon resistance between it and the cathode of
the detector, and ground. This of course
means that the current due to the noise pulse
flows almost entirely between the cathode and
plate of the 6N7 instead of taking its normal
course through the audio volume control, and
thus the noise pulse is shorted out.

The circuit is completely self-adjusting as
to received carrier strength, and gives equal
suppression regardless of the carrier level.

Series-Valve Limiters. In the Bacon
series-tube limiter circuits, the normal signal
is carried by the cathode-to-plate current of
an additional diode connected into the circuit.
This cathode-to-plate current can only flow
as long as the plate is positive with respect
to the cathode of the diode. Hence, by limit-
ing the range of input signal voltages over
which this plate current will flow in conform-
ity with the polarity of the noise pulses as they
will appear in the output of the detector, noise
limiting will be obtained by adjusting the volt-
ages to such a point that all incoming pulses
greater than those produced by 100 per cent
modulation of the incoming carrier will cause
the plate to go negative with respect to the
cathode of the noise diode. The strong noise
pulses will then find an open circuit in their
path from detector to audio amplifier, although
noise pulses up to and including the amplitude
of the incoming signal (and the incoming
signal) will be passed on to the audio stages.

In a conventional diode detector. the noise
pulses will be increasingly negative with re-
spect to normal signal levels. so it is necessary
to feed the audio into the plate of the limiter
diode and to run the cathode of this diode
negative with respect to the plate. This ar-
rangement is shown in Figure 36. The amount
of bias is adjusted manually so that all nor-
mal signal strengths will be handled, but that
pulses in excess of this strength will cause the
plate to go negative with respect to the cath-
ode and cause the pulse to be limited in
amplitude.

In a power detector, or infinite-impedance
detector. the noise pulses are positive with re-
spect to normal signals. In this case it is
necessary to feed the detector output into the
cathode of the diode limiter, and to bias the
plate a certain fixed amount positive with re-
spect to the cathode, as shown in Figure 37.
Then. with noise pulses which exceed the
positive bias, which has been manually ad-
justed to appear on the plate. the cathode will
go positive with respect to the plate. and the
continuity of the signal will be stopped.

A disadvantage of all series-tube noise lim-
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Figure 36.
BACON SERIES LIMITER.
The series type of limiter breaks the cir-
cuit between the detector and first audio
stage on noise peaks.

iters is that the signal strength output of the
detector is reduced by a considerable amount,
often as much as 8 to 10 db, which sometimes
requires an additional audio stage or a high-
gain stage in place of a low-gain one.

A more detailed and comprehensive discus-
sion of noise balancing and noise limiting sys-
tems will be found in the Rabpio Noise Re-
duction Handbook.

Receiver Adjustment

The simplest tvpe of regenerative receiver
requires little adjustment other than those
necessary to insure correct tuning and smooth
regeneration over some desired range. Re-
ceivers of the tuned radio-frequency type and
superheterodynes require precise alignment to
obtain the highest possible degree of selec-
tivity and sensitivity.

Good results can only be obtained from a
receiver when it is properly aligned and ad-
justed. The most practical technique for mak-
ing these adjustments is given in the follow-
ing discussion.

Instruments. A very small number of in-
struments will suffice to check and align any
multitube receiver, the most important of these
testing units being a modulated oscillator and
a d.c. and a.c. voltmeter. The meters are
essential in checking the voltage applied at
each circuit point from the power supply. If
the a.c. voltmeter is of the oxide-rectifier type,
it can be used. in addition, as an cutput meter
when connected across the receiver output
when tuning to a modulated signal. If the
signal is a steady tone, such as from a test
oscillator, the output meter will indicate the
value of the detected signal. In this manner.
lineup adjustments may be visually noted on
the meter rather than by increases or de-
creases of sound intensity as detected by ear.

T.R.F. Receiver Alignment. The align-
ment procedure in a multi-stage t.r.f. receiver
is exactly the same as aligning a single stage.
If the detector is regenerative, each preceding

Figure 37,
SERIES LIMITER WITH INFINITE-
IMPEDANCE DETECTOR.
This arrangement of the series limiter is
applicable to both infinite-impedance and
power detectors.

stage is successively aligned while keeping the
detector circuit tuned to the test signal, the
latter being a station signal or one locally gen-
erated by a test oscillator loosely coupled to
the antenna lead. During these adjustments,
the r.f. amplifier gain control is adjusted for
maximum sensitivity, assuming that the r.f.
amplifier is stable and does not oscillate. Os-
cillation is indicative of improper by-passing
or shielding. Often a sensitive receiver can be
roughly aligned by tuning for maximum noise
pickup, such as parasitic oscillations originat-
ing from static or electrical machinery.

Superheterodyne Alignment. Aligning a
superhet is a detailed task requiring a great
amount of care and patience. It should never
be undertaken without a thorough under-
standing of the involved job to be done and
then only when there is abundant time to de-
vote to the operation. There are no short
cuts; every circuit must be adjusted individ-
ually and accurately if the receiver is to give
peak performance. The precision of each ad-
justment is dependent upon the accuracy with
which the preceding one was made.

Superhet alignment requires (1) a good sig-
nal generator (modulated oscillator) covering
the radio and intermediate frequencies and
equipped with an attenuator and B-plus switch;
(2) the necessary socket wrenches. screw-
drivers, or “neutralizing tools” to adjust the
various if. and r.f. trimmer condensers; and
(3) some convenient type of tuning indicator,
such as a copper-oxide or electronic voltmeter.

Throughout the aliznment process, unless
specifically stated otherwise. the a.f. and r.f.
gain controls must be set for maximum out-
put. the beat oscillator switched off. the signal-
strength meter cut out. the crystal filter set for
minimum selectivity, and the a.v.c. turned off.
If no provision is made for a.v.c. switching.
the signal generator output must be reduced
to a low level by means of the attenuator.
When the signal output of the receiver is ex-
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cessive, either the attenuator or the a.f. gain
control may be turned down, but never the
r.f. gain control.

LE. Alignment. After the receiver has
been given a rigid electrical and mechanical
inspection, and any faults which may have
been found in wiring or the selection and as-
sembly of parts corrected, the i.f. amplifier
may be aligned as the first step in the checking
operations.

The coils for the r.f. (if any), mixer, and
high-frequency oscillator stages must be in
place. It is immaterial which coils are in-
serted, since they will serve during the if.
alignment only to prevent open-grid hum pick-
up or oscillation.

With the signal generator set to give a mod-
uiated signal on the frequency at which the
i.f. amplifier is to operate, clip the output leads
from the generator to the last i.f. stage—"hot”
end through a small fixed condenser to the
control grid, “cold” end to the receiver ground.
Adjust both trimmer condensers in the last
i.f. transformer (the one between the last i.f.
transformer and the second detector) to reso-
nance as indicated by signal peak in the head-
phones or speaker and maximum deflection of
the output meter.

Each i.f. stage is adjusted in the same man-
ner. moving the hot lead. stage by stage. back
toward the front end of the receiver and back-
ing off the attenuator as the signal strength
increases in each new position. The last ad-
justment will be made to the first if. trans-
former with the hot signal generator lead con-
nected to the control grid of the mixer. Occa-
sionally it is necessary to disconnect the mixer
grid lead from the coil, grounding it through a
1.000- or §.000-ohm resistor, and coupling the
signal generator through a small capacitance
to the grid.

When the last i.f. adjustment has been com-
pleted, it is good practice to go back through
the i.f. channel, re-peaking all of the trans-
formers. It is imperative that this recheck be
made in sets which do not include a crystal
filter. and where necessarily the simple align-
ment of the if. amplifier to the generator is
final.

LF. with Crystal Filter, There are several
ways of aligning an i.f. channel which contains
a crystal-filter circuit. However, the following
method is one which has been found to give
satisfactory results in every case: if the i.f.
channel is known to be far out of alignment.
or if the initial alignment of a new receiver is
being attempted. the crystal itself should first
be used to control the frequency of a test
oscillator. The circuit shown in Figure 38 can
be used. A b.fo. coil, as shown in the dia-

gram, can be used for the plate inductance. If
none is handy, one winding of an i.f. trans-
former may be used. In either case, the trim-
mer across the winding may usually be used as
the tuning condenser indicated in the diagram.

A milliammeter inserted in the plate circuit
will indicate oscillation, the plate current dip-
ping as the condenser tunes the inductance to
the resonant frequency of the crystal. Some
crystals will require additional grid-plate ca-
pacity for oscillation; if so, a 30-pufd. mica
trimmer may be connected from plate to grid
of the oscillator tube. The oscillator is then
used as a line-up oscillator, as described in the
preceding section, by using a.c. for plate supply
instead of batteries. The a.c. plate supply
gives a modulated signal suitable for the pre-
liminary lining-up process.

For the final if. alignment, the crystal
should be replaced in the receiver and the
phasing condenser set at the “phased” setting,
if this is known. If the proper setting of the
phasing condenser is unknown, it can be set at
half capacity to start with. Next, the output
from a signal generator should be applied be-
tween the mixer grid and ground. and. with
the receiver’s a.v.c. circuit operating and the
beat oscillator turned “off,” the signal gener-
ator should be slowly tuned across the if.
amplifier frequency.

As the generator is tuned through the crys-
tal frequency, the receiver’s signal strength
meter will give a sudden kick. Should the re-
ceiver not be provided with a signal-strength
meter, a vacuum-tube voltmeter, such as shown
in Chapter 24, can be connected across the
a.v.c. line; if the receiver has neither a.v.c. nor
a tuning meter, the vacuum-tube voltmeter
may be connected between the second detector
grid and ground. In any case, a kick of either
the tuning meter or the vacuum-tube volt-
meter will indicate crystal resonance. It is
quite probable that more than one resonance
point will be found if the receiver is far out
of alignment. The additional points of reso-
nance are spurious crystal peaks; the strongest
peak should be chosen, and the signal generator
left tuned to this frequency.

The phasing condenser should next be ad-
justed for minimum hiss or noise in the re-
ceiver output, and the selectivity control. if
any is provided, set for maximum selectivity.
The signal generator should now be carefully
tuned to the exact peak of the crystal. From
this point on, the alignment of the i.f. ampli-
fier follows conventional practice. except that
the a.v.c. circuit is used as an alignment indi-
cator, each circuit being adjusted for maxi-
mum output. If the receiver is of the type
having no a.v.c. or tuning indicator, and the
vacuum-tube voltmeter must be connected
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across the second-detector grid circuit, it will
be necessary to remove the vacuum-tube volt-
meter and make the final adjustment on the
last i.f. transformer by ear, after the other
transformers have been aligned.

B. F. O. Adjustment. Adjusting the beat
oscillator is relatively simple. It is only neces-
sary to tune the receiver to resonance with any
signal, as indicated by the tuning indicator,
and then turn on the b.f.o. and set its trimmer
(or trimmers) to produce the desired beat
note. Setting the beat oscillator in this way
will result in the beat note being stronger on
one “side” of the signal than on the other,
which is what is desired for maximum selec-
tivity. The b.f.o. should not be set to “zero
beat” with the receiver tuned to resonance
with the signal, as this will cause an equally
strong beat to be obtained on both sides of
resonance.

Front-End Alignment. The alignment of
the “front end” of a manufactured receiver is
a somewhat involved process, and varies con-
siderably from one receiver to another and for
that reason will not be discussed here. Those
interested in the alignment of such receivers
usually will find full instructions in the oper-
ating manual or instruction book supplied with
the receiver. Likewise, full alignment data are
always given when an “all wave” tuning as
sembly for incorporation in home-built re-
ceivers is purchased.

In aligning the front end of a home-cor-
structed superheterodyne which covers only
the amateur bands, the principal problems are
those of securing proper bandspread in the
oscillator, and then tracking the signal-fre-
quency circuits with the oscillator. The sim-
plest method of adjusting the oscillator for
proper bandspread is to tune in the oscillator
on an “all wave” receiver, and adjust its band-
spread so that it covers a frequency range
equal to that of the tuning range desired in
the receiver but over a range of frequencies
equal to the desired signal range plus the
intermediate frequency. For example: if the
receiver is to tune from 13,950 to 14,450 kc.
to cover the 14-Mc. amateur band with a
s0-kc. leeway at each end, and the intermedi-
ate frequency is 465 kc., the oscillator should
tune from 13,950-+465 kc. to 14,450+465 kc.,
or from 14.415 to 14,915 kc.

(Note: The foregoing assumes that the os-
cillator will be operated on the high-frequency
side of the signal, which is the usual condition.
It is quite possible, however, to have the oscil-
lator on the low-frequency side of the signal,
and if this is desired, the intermediate fre-
quency is simply subtracted from the signal
frequency, rather than added, to give the re-
quired oscillator frequency).

If no calibrated auxiliary receiver is avail-
able, the following procedure should be used
to adjust the oscillator to its proper tuning
range: a modulated signal from the signal gen-
erator is fed into the mixer grid, with mixer
grid coil for the band being used in place, and
with the signal generator set for the highest
frequency in the desired tuning range and the
bandspread condenser in the receiver set at
minimum capacity. Next, the oscillator band-
setting condenser is slowly decreased from
maximum capacity until a strong signal from
the signal generator is picked up. The first
strong signal picked up will be when the oscil-
lator is on the low-frequency side of the sig-
nal. If it is desired to use this beat. the oscil-
lator bandsetting condenser necd not be ad-
justed further. However, if it is intended to
operate the oscillator on the high-frequency
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Figure 38.

CRYSTAL TEST OSCILLATOR
CIRCUIT.
The receiver’s crystal may be placed in
this oscillator for a rough alignment of
the i.f. amplifier to the crystal frequency.
The tank circuit may be a b.f.o. trans-
former or one winding of an i.f. trans-
former.

side of the signal, in accordance with usual
practice, the bandsetting condenser should be
decreased in capacity until the second strong
signal is heard. When the signal is properly
located, the mixer grid should be next tuned
to resonance by adjusting its padder condenser
for maximum signal strength.

After the high-frequency end of the band
has thus been located. the receiver bandspread
condenser should be set at maximum capacity,
and the signal generator slowly tuned toward
the low-frequency end of its range until its
signal is again picked up. If the bandspread
adjustment happens to be correctly made,
the signal generator calibration will show that
it is at the low-frequency end of the desired
tuning range. If calibration shows that the low-
frequency end of the tuning range falls either
higher or lower than what is desired, it will be
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necessary to make the required changes in the
bandspread circuit described in the preceding
section on Bandspread, and repeat the checking
process until the tuning range is correct.

Tracking. After the oscillator has been
set so that it covers the correct range, the
tracking of the mixer tuning may be tackled.
With the signal generator set to the high-
frequency end of the tuning range and loosely
coupled to the mixer grid, the signal from the
generator should be tuned in on the receiver,
and the mixer padding condenser adjusted for
maximum output. Next, both the receiver and
the signal generator should be tuned to the
low-frequency end of the receiver’s range, and
a check made to see if it is necessary to reset
the mixer padder to secure maximum output.
If the tracking is correct, it will be found that
no change in the padder capacity will be neces-
sary. If, however, it is found that the out-
put may be increased by retuning the padder,
it will be necessary to readjust the mixer band-
spread.

An increase in signal strength with an in-
crease in padding capacity indicates that the
bandspread is too great, and it will be neces-
sary to increase the tuning range of the mixer.
An increase in signal strength with a decrease
in padding capacity shows that the mixer
tuning range is too great, and the bandspread
will have to be increased.

When the mixer bandspread has been ad-
justed so that the tracking is correct at both
ends of a range as narrow as an amateur band,
it may be assumed that the tracking is nearly
correct over the whole band. The signal gen-
erator should then be transferred to the grid of
the r.f. stage, if the receiver has one, and the
procedure described for tracking the mixer
carried out in the r.f. stage.

Series Tracking Condensers. The above
discussion applies solely to receivers in which
a small tuning range is covered with each set
of coils, and where the ranges covered by the
oscillator and mixer circuits represent nearly
equal percentages of their operating frequen-
cies, i.e., the intermediate frequency is low.
When these conditions are not satisfied, such
as in continuous-coverage receivers and in
receivers in which the intermediate frequency
is a large proportion of the signal frequency,
it becomes necessary to make special provi-
sions for oscillator tracking. These provisions
usually consist of ganged tuning condensers in
which the oscillator section plates are shaped
differently and have a different capacity range
than those used across the other tuned circuits,
or the addition of a “tracking condenser” in
series with the oscillator tuning condenser in
conjunction with a smaller coil.

While series tracking condensers are seldom

used in home-constructed receivers, it may
sometimes be necessary to employ one, as in,
for example, a receiver using a 1600-kc. if.
channel and covering the 3500-4000 kc. ama-
teur band. The purpose of the series tracking
condenser is to slow down the oscillator’s tun-
ing rate when it operates on the high-frequency
side of the signal. This method allows perfect
tracking at three points throughout the tuning
range. The three points usually chosen for the
perfect tracking are at the two ends and center
of the tuning range; between these points the
tracking will be close enough for all practical
purposes.

In home-constructed sets, the adjustment of
the tracking condenser and oscillator coil in-
ductance is largely a matter of cut-and-try,
requiring a large amount of patience and an
understanding of the results to be expected
when the series capacity and the oscillator in-
ductance are changed.

Receivers with A.V.C. When lining up a
receiver which has automatic volume control
(a.v.c.) which cannot be turned off, it is con-
sidered good practice to keep the test oscillator
signal near the threshold sensitivity at all times
to give the effect of a very weak signal, thus
making it possible to detect changes in the
receiver output level during alignment.

Testing. In checking over a receiver, cer-
tain troubles are often difficult to locate. By
making voltage or continuity tests, blown-out
condensers, or burned-out resistors, coils, or
transformers may usually be located. Oscil-
lators are usually checked by means of a d.c.
voltmeter connected from ground to screen
or plate-return circuits. Short-circuiting the
tuning condenser plates usually should produce
a change in voltmeter reading. A vacuum-
tube-type voltmeter is very handy for the pur-
pose of measuring the correct amount of oscil-
lator r.f. voltage supplied to the first detector
circuit. The proper value of the r.f. voltage is
approximately 1 volt less than the fixed grid
bias on the first detector when the voltage is
introduced into either the grid or the cathode
circuit.

Incorrect voltages, poor resistors, or leaky
by-pass or blocking condensers will ruin the
audio tone of the receiver. Defective tubes
can be checked in a tube tester. Loud-speaker
rattle is not always a defect in the voice coil
or spider support, or metallic filings in its air
gap; more often the distortion is caused by
overloading the audio amplifier. An i.f. ampli-
fier can also impair splendid tone due to a
defective tube or overloading.

It is a good idea to have all tubes in a re-
ceiver checked periodically, because if a tube
slowly becomes noisy, soft, or deficient in
emission, the operator may not realize that the
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performance is not up to the full capabilities
of the receiver. Any tube which does not test
up to the equivalent of a new tube should be
replaced, as a tube that once starts to “go”
cannot possibly give very many more hours of
useful service.

On the other hand, there is little point in
replacing all tubes periodically, because tests
have shown that a tube that has been in use
for three or four years, if it still is giving
satisfactory service, is just as likely to pro-
vide another year of uninterrupted service as
is a brand new tube.

It should be borne in mind that electrolytic
condensers, even of the best quality, have a
limited life—the length of useful service de-
pending upon the quality and application of
the condenser. Unlike tubes, electrolytic con-
densers seldom give any trouble in the first
three years of use (if of good quality and not
overloaded). However, they seldom last more
than five years, unless they are the less com-
monly used “wet” type. For this reason it is
advisable to replace all electrolytic condensers
in a receiver every four or five years if re-
liability of service is important.
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CHAPTER FIVE

Radio Receiving Tube
Characteristics

EOTNOTE references for both standard
and special receiving tubes will be found im-
mediately following the socket connection dia-
grams for these tubes. Footnote references for
various cathode-ray tubes will be found im-
mediately following the separate group of
socket connections for cathode-ray tubes.

A suffix (G) in parentheses after a standard
octal base tube indicates that the tube also is
manufactured with glass envelope, a suffix
(GT) indicating that the tube also is manu-
factured with small tubular glass envelope.
Thus 6Js (G) (GT) indicates that this tube
is available with metal. glass, or small tubular
glass envelope; 6AG7 indicates that this tube
1s available only in metal; and 5Y3-G indi-
cates that this tube is available only in glass.

The “Bantam” line of GT type tubes by
one manufacturer have a metal shell base
which is connected to the pin which would
ground the shell of an equivalent metal tube.
A sleeve shield slipped over the tube thus is
automatically grounded.

Several manufacturers supply certain of their
tubes with ceramic base at a slight increase in
the price. The ceramic base ordinarily is indi-
cated by the presence of the letter “X” at the
end of the regular type number.

Certain of the “7” series of tubes have a
nominal heater rating of 7 volts instead of the
usual 6.3-volt rating. The heater is the same.
however, and either the “6” series or the “7”
series may be used on either 6.3 or 7 volts.
To simplify the tables, all such tubes are
shown with a rating of 6.3 volts. The same
applies to certain of the “14” series of tubes,
these tubes having the same heater as corre-
sponding tubes of the “12” series but a nomi-
nal heater rating of 14 volts instead of 12.6
volts,

Socket terminals shown as unused in the
table of socket connections should not be used

as tie-points for other wiring unless the tube
has no corresponding pin, because “dead” pins
are sometimes used as element supports.

When a “G” or “GT” octal base tube is
used, the shell grounding terminal (usually pin
no. 1) for the corresponding metal counter-
part should be connected to ground the same
as for a metal tube, as many “G” and “GT”
types contain an internal shield.

Tube Base Connections

There are from 4 to 8 pins on tube bases.
With the exception of the 5- and 8-prong types
of bases the filament or heater pins are those
which are heavier than the others.

With the exception of the octal (8-pin) base.
the numbering system for the pins is as fol-
lows (viewing the tube or socket from the
bottom, and with the two heavier heater [or
filament ] pins horizontal): the no. 1 pin is the
left-hand heater or filament pin. Pins no. 2, 3.
and so forth follow around in a clockwise di-
rection, the highest number being the right-
hand cathode pin. QOctal (8-pin) numbers
start with no. 1 which is the first pin to the
left of the key, )

The letters F-F or H-H designate filament
or heater, C or K for the cathode, P for the
plate, etc., in socket connection or wiring dia-
grams. The grids of multigrid tubes are num-
bered with respect to the position they occupy:
no. 1 grid is closest to the cathode, no. 2 next
closest, etc. When it is desirable that certain
elements have a very low capacity with respect
to other elements within the tube, they are
sometimes terminated in a lead brought out to
a cap on top of the tube.

This chapter includes data on receiving tube
characteristics, tube socket connections, special
purpose and cathode-ray tubes, and cathode-
ray socket connections.
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