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INSTITUTE ACTIVITIES 

 

Elected and Transferred to Member Grade 

 

Members elected and transferred at the June 2nd niveting 

 

of the Board of Direction. The report of the Admissions ( 'oni-
mittee for May was approved, authorizing the election or trans-
fer to grade of Member of the following: /,eh Bouck, Axel (I. 

 

Jensen, H. T. Friis, H. H. Beverage, 0. G. Mauro, I). F. Whiting, 

 

I. S. Bobrovsky, H. H. Bouson, E. E. Freeman, L. S. Ilawkins, 

 

Coke Flannigan, F. J. Kahn, P. H. Boucheron, It. S. Kruse, 

 

Harris J. Rogers. 

 

Washington, D. C., Section 

 

A meeting of the Washington Section was held in the Depart-
ment of Commerce building at Washington on April 14th, 1926. 

 

A talk on "The Translation of Electro-Mechanical Movements 

 

Into Sound Vibrations," was given by Mr. M. C. Hopkins. Mr. 

 

Hopkins demonstrated with apparatus the possibility of repro-
ducing the deep base notes sometimes lacking in radio reception. 

 

The Section also held a regular meeting on May the 12th, at 

 

which a talk was given by Mr. George Clark on the subject "The 

 

Evolution of Radio." 

 

Rochester, N. Y., Section 

 

A meeting of the Rochester Section was held on April 21st, 

 

jointly with the Rochester Engineering Society. Seventy-five 

 

members and guests were present. A talk was given by Mr. 

 

Harry Sadenwater who described the Broadcasting Stations 

 

WGY, KOA, and KGO, also the fifty-kw. transmitter at Schen-

ectady. A meeting was held on May 21st, a talk being delivered 

 

by Mr. L. C. F. Horle on the subject "New Developments in 

 

Radio." A paper was read also on the subject of "Design of 

 

Radio Amplifier Circuits," by Mr. K. Henderson. 

 

San Francisco Section 

 

The San Francisco Section held a meeting on May 20th in 

 

the auditorium of the Pacific Gas and Electric Company, San 

 

Francisco. Mr. C. W. Latimer gave a talk dealing with the High 

 

Power Trans-Oceanic System of the Radio Corporation of 

 

426 

 



INSTITUTE AFFAIRS 

 

427 

 

America, illustrated with motion pictures and slides. Mr. R. E. 

 

Mathes gave a detailed explanation of the operation of the system 

 

of Photo-Radio Transmission employed by the Radio Corpora-
tion of America. The talk was illustrated by lantern slides. 

 

Fifty-two members were in attendance. 

 

Philadelphia Section 

 

A re-organization meeting was held by the members of the 

 

Philadelphia Section on May 21st. Very interesting talks were 

 

given by Stuart Ballantine, W. L. Sayre and David P. Gullette. 

 

A meeting was held on July 12th, at which 100 members were 

 

present. A paper, illustrated with slides was read by W. E. 

 

Holland, on the subject "A, B and C Power from Alternating 

 

Current Sources." The next meeting of the Section will be held: 

 

about September 15th. 

 

Proposed Section at Detroit 

 

A preliminary meeting was held by Institute members in 

 

Detroit, Michigan, on May 22nd, twenty-seven being present. 

 

The purpose of the meeting was to consider the proposal to estab-
lish a Section at Detroit. Temporary officers were elected as 

 

follows: W. A. Pedersen, temporary chairman; E. H. Clark, 

 

temporary vice-chairman; W. R. Hoffman, temporary secretary-
treasurer. 

 

As soon as the plans are completed the Section will be placed 

 

on a permanent basis and will hold regular technical meetings. 

 

At the preliminary meeting thirty-four members were present. 

 

Proposed Section at Hartford, Conn. 

 

A meeting was held in Hartford, Connecticut, on May 26th, 

 

with the object of determining whether or not a Section of the 

 

Institute can be established and operated to advantage with 

 

headquarters at Hartford. Among those who attended the pre-
liminary meeting were: Dr. W. G. Cady, Dr. K. S. Van Dycke, 

 

H. P. Maxim, R. B. Bourne, K. B. Warner, A. L. Budlong, A. A. 

 

Herbert, F. E. Handy, F. C. Beekley, C. B. Rodimon, J. M. 

 

Clayton, H. P. Westman, R. S. Kruse. 

 

A second meeting was held at Scott Laboratory, Wesleyan 

 

University, Middletown, Connecticut, on June 22nd, at which 

 

Dr. Cady and Dr. Van Dycke discussed the theoretical and 

 

practical aspects of the Piezoelectric Crystal with special 

 

reference to radio applications. 
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INRTITTITH AFFAIRS 

 

Employment 

 

At Institute headquarters occasional calls are received for 

 

radio engineers and technicians. The Institute does not main-

tain an employment bureau, but the headquarters staff will be 

 

glad to receive inquiries from employers concerning their staff 

 

needs. The technical experience of those looking for employ-
ment is a matter of regard at headquarters and such information 

 

can be given to employers when so authorized by applicants for 

 

employment. 

 

Toronto Section 

 

The Toronto Section held a meeting on May 5th at which 

 

a paper was read by Mr. D. Hepburn on the subject of "Resist-

ance, Reactance and Inductance." The officers elected to serve 

 

during the coming year are: Honorary Chairman, Professor T. R. 

 

Roseburgh; Chairman, D. Hepburn; Vice-Chairman, George F. 

 

Eaton; Secretary, C. C. Meredith; Assistant Secretary, C. I. 

 

Soucy; Treasurer, A. L. Ainsworth. 

 

The Canadian Section is planning having one or two summer 

 

outings, possibly at Niagara Falls, to which all members of the 

 

Institute in Ontario and Quebec, as well as Northern New York 

 

State will be invited to attend. 

 

The Section proposes to hold meetings in a lecture room of 

 

the Electrical Engineering Department, University of Toronto, 

 

once a month, except June, July and August. The number of 

 

Institute members in Canada continues to increase satisfactorily. 

 

Meetings and Papers Committee—Note on Illustrations 

 

Illustrations should be deep black on white on separate sheets. 

 

Letters and numerals should be as large as practical. A 

 

wiring diagram and a curve or family of curves is usually quite 

 

plain when reduced to very small dimensions; however, the numer-

als and letters nust be relatively large to remain readable. More 

 

coordinate lines than necessary interfere with reduction. Sheets 

 

much larger than the curves are a waste of space. 

 

The cost of cuts is proportional to their area and the cost of 

 

publications is proportional to the number of pages. 

 

If the illustrations are not suitable, either the Institute must 

 

pay for reducing, or other illustrations must be requested from 

 

the author. 

 

Illustrations that make the important points plain at a glance 

 

are very desirable because they save the time of the reader, but 

 

illustrations which do not add anything or embody confusing 
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non-essentials irritate the readers and add useless cost to the 

 

PROCEEDINGS. 

 

i 

 

Papers Available in Pamphlet Form 

 

In addition to the list of papers available in pamphlet form 

 

given on page 277 of the June PROCEEDINGS, we have available 

 

in this form a paper on "Some Measurements of Short Wave 

 

Transmission," by R. A. Heising, J. C. Schelleng and G. C. 

 

Southworth, and a paper on "Combined Electromagnetic and 

 

. Electro Static Coupling and Some Use of the Combination," 

 

by Edward H. Loftin and S. Young White. Copies of these 

 

papers may be procured free by members by writing to the 

 

Secretary. 

 

New Members and Transfers 

 

Associates transferred to the grade of Member at the meeting 

 

of the Board of Direction on June 30th were E. W. Dannals, 

 

H. O. Horneij, R. W. Augustine, W. P. Powers, S. W. Dean, A. E. 

 

Harper, G. E. Burghard and A. T. Murray. Direct election to 

 

Member grade: A. J. Carter, J .D. Relyea and H. A. Oleson. 

 

No New York Meetings in July or August 

 

There are no technical meetings held in New York in July 

 

or August, but the offices of the Institute are open continuously 

 

for the transaction of business. 

 

Work of Standardization Committee 

 

A meeting of Subcommittee No. 1 on Vacuum Tubes was 

 

held on May 28th in New York under the chairmanship of L. A. 

 

Hazeltine. A preliminary report describing methods of measure-
ment of the important characteristics of vacuum tubes has been 

 

prepared by the Subcommittee and will be given further con-
sideration at a meeting to be held within a few weeks. 

 





COLLEGIATE TRAINING FOR THE RADIO ENGINEER-
ING FIELD* 

 

BY 

 

C. M . JANSKY, JR. 

 

(ASSISTANT PROFESSOR, RADIO ENGINEERING, UNIVERSITY OF MINNESOTA) 

 

Every discovery in the field of abstract science is quickly 

 

followed by the adaptation of the new knowledge gained to the 

 

benefit of civilization. We have grown to expect this. The 

 

average individual today takes his radio receiving set and the 

 

programs it gives him very much for granted, just as he does his 

 

electric lights and his telephone. The engineer has developed 

 

FIGURE 1—Electrical Engineering Building—University of Minnesota 

 

(The Communication Laboratories occupy the third floor of this building) 

 

these instruments of usefulness to a point where neither knowl= 

 

edge nor effort is required to operate them. As a 'result we must 

 

not be surprised to see a general lack of appreciation by the public 

 

of the intricacies of modern electrical apparatus and the work of 

 

those who have developed it. 

 

*Received by the Editor May 5, 1926. 

 

Presented before the Chicago Section, INSTITUTE OF RADIO ENGINEERS, 

 

March 4, 1926, and at the New York meeting June 2, 1926. 
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Scientific development may be classified under two heads; 

 

that which increases our knowledge concerning fundamental 

 

physical phenomena and that which concerns itself with the 

 

development of apparatus and equipment the operation of which 

 

is based on these phenomena. Those studies which increase our 

 

knowledge concerning the nature and behavior of electricity belong 

 

to the field of physics. Those studies which have as their aim the 

 

development of apparatus and equipment utilizing fundamental 

 

electrical phenomena belong to the field of electrical engineer-
ing. An extreme physicist maybe defined as one who, when he 

 

sees a practical application of his work, shies as far away from 

 

it as he can. An extreme "practical engineer" might be 

 

defined as one who, if he cannot see a practical application 

 

of a particular line of study, leaves it to others. As a matter 

 

of fact the most abstract theoretical physical investigations 

 

have often turned out to be of the greatest practical value, 

 

which proves that the distinction is not always an easy one 

 

to make. A striking illustration of this is the immense practical 

 

value of the theoretical investigations made over half a 

 

century ago by Clerk Maxwell in the field of electromagnetic 

 

radiation. 

 

The field of electrical engineering may be roughly divided 

 

into two major divisions: electric power engineering and com-
munication engineering. Until recently the magnitude of the 

 

power industry has overshadowed that of the communication 

 

industry. As a result, most collegiate courses in electrical engi-
neering have been and in fact are today primarily courses designed 

 

to train men for the power field. By this I mean that in courses 

 

required of all students the fundamentals of electrical theory are 

 

taught by the aid of problems and illustrations which are almost 

 

entirely drawn from the power field. An analysis of the text-
books and laboratory manuals used in such courses will sub-
stantiate this statement. The fact that elective courses devoted 

 

entirely to the communication field are open to electrical students 

 

in addition to their required work does not alter the situation. 

 

A course of training which required of students a knowledge of 

 

the power field and leaves as optional a knowledge of the com-
munication field will give the graduate a very lopsided view of 

 

electrical engineering in general. It is not difficult today to sub-
stantiate the statement that the communication industry is as 

 

important a factor in our civilization and offers as great oppor-
tunities to the graduate of electrical engineering as the power 

 

industry. Any discussion of the training of men for the field of 
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communication engineering which does not take account of this 

 

fact will fail of its purpose.. 

 

It is easy to say, and has often been said, that a course in 

 

electrical engineering should be based upon fundamentals. There 

 

is, however, often a wide difference of opinion as to what are and 

 

what are not fundamentals. Since physical knowledge is a basis 

 

for electrical engineering, and therefore radio engineering, it is 

 

obvious that a thorough course in physics should be an essential 

 

part of any training for the radio engineer. It is difficult to see 

 

how an understanding of complex radio phenomena can be ob-
tained without the aid of a thorough knowledge of such physical 

 

concepts as force, mass, power, work, etc. Yet although courses 

 

in physics are an integral part in the training of all electrical 

 

engineers, I have yet to meet a group of senior students who did 

 

not have a hazy idea concerning these obvious fundamentals. 

 

More emphasis could well be placed on them. 

 

A second obvious fundamental subject essential to any course 

 

in radio engineering is mathematics. Mathematics to the engineer 

 

is a tool which permits him to carry a number of variable quan-
tities through transformations which enable him to check experi-
ment or predict results. The engineer is at times inclined to look 

 

askance at the mathematician who studies his science for its own 

 

sake. Here again we must not forget that the most abstract 

 

investigations in mathematics may lead to the development of 

 

extremely practical tools which may be of great assistance to the 

 

graduate engineer. Examples of this are as plentiful in the field 

 

of pure mathematics as they are in the field of physics. 

 

The importance of thorough training in physics and mathe-
matics for engineers has been the subject of so much discussion 

 

by writers on education that the subject has become hackneyed. 

 

Yet no one will deny that many of our educational institutions 

 

continue to grind out graduates woefully deficient in this respect. 

 

The answer I presume is that to acquire a knowledge of these 

 

subjects, the student must cease to become a mere receptacle 

 

for information poured into him and must think for himself. 

 

It is much easier both from the standpoint of the teacher and 

 

the student to fill a student's head than it is to teach him to use it. 

 

There is one other group of course incorporated in the cur-
ricula of most of our technical colleges, which I would designate 

 

as fundamental. This group includes those courses designed 

 

to increase the ability of the student to express himself either on 

 

paper or before an audience by word of mouth. The business of 

 

a lawyer requires that he analyze situations and present his 
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analysis to others with conviction. The engineer deals with 

 

highly technical and intricate developments. To leave presen-
tation of those developments to the general public to others with 

 

less knowledge than himself, is to rob himself of the rewards 

 

which are justly his due. To command public attention, the 

 

engineer must be able to present his developments forcefully to 

 

those outside his profession. Mathematics is a useful tool, but 

 

its use is limited to those who understand it. The written and 

 

spoken word is the universal tool of civilized man. 

 

Those of us in educational work are constantly charged with 

 

teaching too much application and not enough fundamentals. The 

 

cry of many in the industry is "give your students a knowledge of 

 

the fundamental physical sciences; leave the teaching of applica-
tion to us. We can teach application better than you." Now if 

 

this be true, then why does not the industry turn a cold shoulder 

 

to electrical engineering graduates and draw its recruits entirely 

 

from those who have had training only in the field of abstract 

 

science, because, after all, electrical engineering is only applied 

 

physics. Yet even those who insist that the teacher should con-
fine his attention to fundamentals, hire more engineers than they 

 

do physicists. 

 

This leads to the question: what is the difference between a 

 

training in abstract mathematics and physics and a training in 

 

electrical engineering. The difference is that the student in 

 

electrical engineering has been taught to apply his physics to 

 

concrete engineering problems. It is entirely possible and even 

 

probable that the concrete problems used for illustrations will 

 

never be of any use to the engineer after he has graduated. This 

 

is not important. However, the ability to apply abstract science 

 

is as essential to the success of an electrical industry as is a knowl-

edge of it. No one will, I think, argue that the teaching of the 

 

methods of applications should be left entirely to the industry 

 

itself. It it should, then courses in Electrical Engineering should 

 

be abolished. 

 

The manufacturer who hires electrical graduates is very likely 

 

to analyze one of his recruits as he would the raw product he 

 

expects to use in his factory. For his purpose the graduate should 

 

have certain characteristics which would best fit him for work 

 

in his organization. Having told educators what characteristics 

 

he desires in his recruit engineers, why, he asks, does not the 

 

educational institution turn its attention to turning out a product 

 

which will have these characteristics. This might be possible 

 

were it not for the fact that the engineering student is not a piece 
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of material, but, on the contrary, is a human individual. During 

 

the entire period of his scholastic training the average student is 

 

trying to answer the very important question, "In just what 

 

kind of work and in what branch of engineering will I be hap-
piest and most successful?" 

 

No one can deny that the initial selection of a job made by 

 

the young graduate is of great importance. It is, therefore, the 

 

duty of the educator to give to the student as great an insight 

 

into the problems and opportunities of the various fields of elec-
trical engineering as possible to the end that the graduates' 

 

initial choice may be a wise one. The presentation of engineering 

 

problems to the student which have been drawn from all branches 

 

of the industry, and which, in so far as possible, give the student 

 

some realization of what may lie beyond, is an admirable way of 

 

assisting the student in his efforts to select his life work wisely. 

 

. A serious criticism of an electrical engineering curricula which 

 

in its required courses draws all of its illustrative problems from 

 

the power field, is that graduates will select work in this field to 

 

the exclusion of all others. Men are loath to enter a line of work 

 

the problems and opportunities of which they know nothing. 

 

The communication industries have in the past found it very 

 

difficult to obtain engineering recruits for this reason. Men who 

 

have had a thorough training in courses drawing illustrations 

 

from the electric power field, may make as good communication 

 

engineers as anybody else, but in most instances the communica-
tion industry will never get them. 

 

A properly-balanced course in electrical engineering in some 

 

good college or university undoubtedly offers the best training 

 

for the average prospective radio engineer. If the required work 

 

of this course does not give the student the fundamentals of elec-
tricity as applied to the communication problems, then the stu-
dent should take elective courses designed to give him these fun-
damentals. The fact that these courses may be elective and may 

 

be titled "Telephony and Telegraphy" or "Radio Communica-
tion," does not necessarily mean that they are anymore special-
ized than his required courses or that the teacher is concerned 

 

only with the application of fundamentals learned elsewhere. On 

 

the contrary, they are probably as fundamental and basic as any 

 

other courses he may be required to take, and may provide the 

 

only means of giving the material necessary to an understanding 

 

of the fundamentals of electricity as applied to the communica-
tion field. The theory of the vacuum tube, the theory of coupled 

 

circuits, the radiation of electro-magnetic waves, distortion of 
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wave form, the theory of circuits containing distributed capaci-
tance, inductance, and resistance, and the meaning and measure-
ments of transmission loss and gain are subjects which are not 

 

always sufficiently emphasized in average electrical engineering 

 

curricula of today for those who expect to become communication. 

 

engineers. 

 

One outstanding characteristic of the radio communication 

 

field is the number of new problems which are met at every turn. 

 

FIGURE 2—Short-wave Radio Telegraph Transmitter and Broadcast Trans-
mitter—University of Minnesota Experimental Radio Station 

 

(The short-wave transmitter was designed and built by students in the 

 

Department of Electrical Engineering) 

 

Amateurs and broadcast listeners are continually trying new 

 

circuits and apparatus, most of them, it is true, with very little 

 

knowledge of what they are doing. The radio field offers an 

 

excellent opportunity for individual investigation on the part 

 

of the engineering student. Such work should not, however, be 

 

undertaken until the student has secured sufficient fundamental 

 

knowledge to derive some benefit from his experiments. In col-

leges having large registration it is difficult to give the student 

 

sufficient opportunity to exercise his own initiative. The labora-

tory work in courses containing a large registration must, of 
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necessity, be largely stereotyped. The student's experiments 

 

are outlined for him so that he knows what data to take, how to 

 

take it and what conclusions to draw. In an independent inves-
tigation the student is given a problem for which he must develop 

 

his own line of attack. He must decide upon what data he needs, 

 

what conclusions he can draw, and more important than anything 

 

else he should criticize his own results and judge their value. 

 

During the past few years the writer has had a number of 

 

senior and post-graduate students working under him on individ-
ual investigations. The selection of a problem for the student 

 

is based on (1) his interest, (2) his ability to get somewhere with 

 

the problem, (3)the availability of equipment, and (4), the value 

 

of the results expected from the investigation. 

 

In industrial work the last-mentioned point is all important. 

 

In educational work, except with candidates for higher degrees, 

 

it is of minor importance. The main object is to give the student 

 

training in the methods of independent investigation. The prog-
ress which I have seen students make in the development of their 

 

ability to analyze a problem, to search literature, and to take 

 

and draw conclusions from experimental data has been very 

 

gratifying and has convinced me of the value of scholastic train-
ing of this sort in spite of the amount of work it requires on the 

 

part of the teacher. 

 

One of the peculiarities of radio communication is the fact 

 

that while man designs and builds the equipment necessary for 

 

the transmission and reception of radio waves he has no control 

 

and in fact very little knowledge of the transmission system he 

 

uses. Radio engineering today concerns itself largely with the 

 

design and construction of transmitting and receiving apparatus. 

 

Our knowledge of what goes on between transmitter and receiver 

 

and what conditions influence the strength and readability of 

 

signals at distant points is as yet very limited. This knowledge 

 

is largely of a statistical nature based on experience. 

 

In view of the importance of the transmission medium in our 

 

communication system it would seem that some contact with it 

 

by the prospective radio engineer would at least be desirable. 

 

1 know of no better method of studying transmitting and receiv-
ing conditions than by the actual transmission and reception of 

 

radio messages. Many a radio engineer became interested in his 

 

field as an amateur or commercial operator. 

 

The American Radio Relay League deserves much credit for 

 

the stimulation it has given to amateur operation of radio stations 

 

and to interest in non-commercial experimental work. It would 
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seem that a closer alliance between this organization and our 

 

educational institutions would help to give students contact with 

 

actual radio communication and would in many other ways be 

 

mutually beneficial. 

 

At the University of Minnesota Department of Electrical 

 

Engineering, we maintain an experimental radio station which 

 

serves a number of useful purposes. The station carries on ex-
tensive communication by short wave radio telegraphy with 

 

other experimental stations and amateur stations located all over 

 

the world. All construction and operation is carried on by a staff 

 

of student operators under faculty direction. This year the staff 

 

has eighteen members. The station is in operation normally 

 

about eighty hours each week. Actual transmission is carried on 

 

by men who have had extensive amateur or commercial operating 

 

experience. Other students not qualified operators are given the 

 

opportunity to design and construct equipment. Students may, 

 

if they choose, obtain a limited amount of credit towards gradua-
tion for work done in the radio station. 

 

It is distinctly not the purpose of this work to train radio 

 

operators. Its principal object is to keep both students and 

 

faculty in touch with transmitting and receiving conditions as 

 

they actually exist. Incidentally, the experimental station 

 

yields much valuable information concerning transmitting con-
ditions and also provides an excellent means for testing radio 

 

apparatus under conditions which stimulate those met in com-
mercial practice. 

 

Any student activity, the success of which requires respect 

 

for authority; systematized procedure, the ability to assume re-

sponsibility, co-operation with others, and yet permits an exer-
cise of individual initiative cannot but help to train men to better 

 

meet the problems which will confront them when they enter 

 

modern industrial work. Radio station operation by students 

 

on a basis such as I have described provides such training. 

 

The radio industry has enjoyed a remarkable growth during 

 

the past decade. It is not to be expected that such growth would 

 

take place without its problems. During the period when any 

 

radio manufacturer could sell equipment faster than he could 

 

make it regardless of quality it is small wonder that many have 

 

seen no necessity for services of well-trained engineers. How-

ever, conditions are changing rapidly. The public is already 

 

beginning to discriminate in favor of those manufacturers whose 

 

apparatus has been designed and constructed under the super-
vision of competent engineers. This discrimination on the part 
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of the public will do much to stimulate development and improve-
ment. It will also bring about greater rewards to those who have 

 

sacrificed time and effort necessary to secure an adequate train-

ing in what is the youngest as well as one of the most technical 

 

of the electrical sciences. 

 

I 
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DISCUSSION 

 

ON "COLLEGIATE TRAINING FOR THE RADIO ENGI-
NEERING FIELD," BY C. M. JANSKY 

 

J. H. Dellinger: I would like to add one point to the very 

 

excellent ones brought out in Professor Jansky's paper, and it 

 

is a point which it was impossible for him to make. My added 

 

point is that we give too little credit to our educators. The honor 

 

and credit for the achievement in radio should be divided be-
tween the men who make the advances and the teachers who 

 

have trained them. Professors, and instructors generally, sel-
dom get their due, and this is an excellent occasion to draw atten-
tion to that seriously neglected fact. 

 

The common attitude toward educators and educational 

 

courses is one of broad criticism rather than praise. We have 

 

an effective offset to this critical attitude 'in papers like this one 

 

of Professor Jansky's which reveal how the educator is thor-
oughly alive to the problems before him and is capable of giving 

 

them as keen and thorough an analysis as any engineer gives an 

 

engineering problem. Professor Jansky has set forth a number 

 

of important ideas for our consideration and I would like to 

 

emphasize the ones which appear to me of particular importance. 

 

They are five in number. 

 

First, he points out that in most electrical engineering courses 

 

"the fundamentals of electrical theory are taught by the aid of 

 

problems and illustrations which are almost entirely drawn from 

 

the power field." It is certainly true that the characteristic 

 

phenomena of electrical communication give just as valuable 

 

a province for instruction as those of electric power. This will 

 

unquestionably be given increasing recognition. 

 

Second, it is pointed out as obvious that training in physics 

 

is an essential part of the radio engineer's education. While 

 

this is often stated and is indeed obvious, it cannot be given too 

 

much emphasis. This is proved by Professor Jansky's admis-
sion that "I have yet to meet a group of senior students who 

 

did not have a hazy idea concerning" the fundamental physical 

 

concepts. My own observation of the preparation and technical 

 

equipment of radio engineers gives strong emphasis to the need 
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for more thorough training in fundamental physics. I have 

 

many times been thankful that the gentleman who taught rile 

 

physics had no illusions as to ability of students to grasp the 

 

subject. I came to know some of his philosophy of teaching, and 

 

he said that his experience had led him to the conclusion that if 

 

he could get even one physical principle thoroughly into the 

 

heads of his students so that they really knew it and used it, 

 

he felt that the year's teaching work was successful. Fortunately, 

 

a principle on which he concentrated was simple harmonic 

 

motion. Any student who got through his course without grasp-
ing the principle that in simple harmonic emission the force is 

 

proportional to the displacement probably was hopeless as far 

 

as learning physics was concerned. I believe it is fair to add 

 

that when a man has learned this particular principle he has 

 

secured a substantial part of the stock in trade of a well trained 

 

radio engineer. 

 

Third, it is suggested that courses in expression are of funda-
mental importance. This point is seldom mentioned or realized. I 

 

believe it is of enormous importance, second only to the need of 

 

training in physics, that an engineer should be trained in the 

 

arts of expressing himself, either in writing or in speaking to an 

 

audience, Obviously few engineers spend much of their time 

 

in either writing or public speaking; nevertheless, all must do a 

 

certain amount of it, and shortcomings in a man's ability in 

 

expression all too often weigh heavily against and neutralize 

 

ability in his technical work. 

 

Fourth, it is neatly demonstrated that the student of radio 

 

engineering must have technical training in his chosen field 

 

through the application of his physics and other fundamental 

 

work to concrete problems of radio engineering. The argument 

 

given on this disposes of the contention frequently made that the 

 

teaching of methods of application should be left entirely to a 

 

man's experience in the industry after graduation. 

 

Fifth, and finally, we are reminded that students cannot be 

 

trained to fit a particular model as a piece of material would be 

 

fashioned into an instrument, because of the fact that the student 

 

is first of all a human individual. This again disposes of some 

 

criticisms leveled against educational institutions. The manu-
facturer would like to have recruits for the industry with a 

 

definite kind of preparation which could be prescribed as the 

 

result of analysis of the particular work the man is to do. That 

 

this is not in general possible hinges on the fact that by far the 

 

great majority of the students are not certain during their college 
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course as to what vocation they will pursue or for what branch 

 

of engineering they are fitted. The teacher cannot subordinate 

 

the human problem involved to the less important task of 

 

creating a mere standardized unit of work. 

 

Of the various points brought out in Professor Jansky's paper, 

 

by far the most important is the emphasis on the need of funda-
mental training. The details of radio engineering or any other 

 

branch of engineering are ephemeral, and they have their roots 

 

in physical principles. To learn the principles of physics and 

 

how to apply them to understand, to modify, and eventually 

 

to create engineering processes is much more difficult and far 

 

more important to the student than the practical engineering. 

 

I would venture to defend the thesis that the responsi-
bility of the position attainable by a man is proportional 

 

to his grounding in the fundamentals of his subject. I do not 

 

mean at all that opportunity and other circumstances necessarily 

 

always bring a man to this position, and, on the other hand, his 

 

grounding in fundamentals must be actual and does not mean 

 

that he has merely been exposed to knowledge of fundamentals 

 

through taking certain courses. There is no way to learn the 

 

fundamental facts of a profession and to understand the processes 

 

which are vital except by hard work. I believe it to be true that 

 

not only the responsibility of the position open to a man but the 

 

contribution he can make to his field of work and the satisfaction 

 

he can get out of life, are proportional to his grounding in the 

 

fundamentals of his vocation. 

 

Alfred N. Goldsmith: It is unquestionably one of the func-
tions of universities to train specialists in professional branches, 

 

such as radio engineering. There is not, however, a widespread 

 

knowledge of the real qualifications of a radio engineer. The 

 

following definition may be proposed: "A radio engineer is an 

 

electrical engineer who has first specialized in communication 

 

engineering, and then sub-specialized in radio communication." 

 

Guided by this definition, it is clear that the fundamental train-
ing of a radio engineer is that of an electrical engineer. His first 

 

specialization should be in the field of alternating current phenom-
ena at high frequencies and the characteristics which are dis-
played to such currents by networks and systems having con-
centrated or distributed electrical constants. If electric courses 

 

on advanced transformer design and, under the division of 

 

physics, on acoustics are available, the student will 
a
do well to 

 

choose these. 

 

The sub-specialization in radio engineering will deal with the 

 

i 
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theory and construction of the specialized circuits used in radio 

 

transmitting and receiving apparatus, together with a careful 

 

study of that universal device, the triode, or three-electrode tube. 

 

A great deal of emphasis should be placed on the laboratory side 

 

of the work because the field is new and rapidly changing, and 

 

only those who have had direct contact with actual equipment will 

 

be spared the continual mortification of embarrassing mistakes 

 

based upon too slavish a reliance on narrow theoretical consid-
erations. 

 

There are today relatively few universities giving training in 

 

the field of radio engineering which, perhaps, is just as well, since 

 

the absorption of trained men in the radio engineering field 

 

(despite public interest in this field) is rather limited. It may 

 

be added that a radio engineer, on graduation from the univer-

sity, is qualified to begin his career in a somewhat humble 

 

capacity, since he must get experience in the test, design, and 

 

manufacturing divisions of a commercial organization of some 

 

scope before he can be depended upon to meet the requirements of 

 

this fairly difficult profession. However, it is a most interesting 

 

field and the workers in it feel that they are in the van of progress. 

 

Arthur F. Rose: Professor Jansky's paper is of considerable 

 

interest to all of us who are engaged in communication work, 

 

although it applies particularly to the radio engineering field 

 

which Professor Jansky has emphasized. His analysis of the 

 

time-worn policy of industry urging "emphasis of fundamentals 

 

in the engineering curriculum" is a very valuable contribution 

 

and will aid in bringing together the viewpoints of those in the 

 

field and the educators. The question of what constitutes funda-

mentals has been the subject of many discussions, all of which 

 

result in the conclusions that the same fundamentals form the 

 

basis for both communication engineering and power engineering. 

 

The difference between the two is only the question of the fre-

quencies and the amount of power involved. In the power field 

 

a single frequency and large quantities of power are studied, 

 

while in the communication field minute quantities of power 

 

but a very large range of frequencies are involved. 

 

The radio engineer or the communication engineer in his 

 

design work must study the action of his circuits throughout the 

 

frequency range of voice transmission. For instance, the sharply 

 

tuned circuits of radio sets react very differently at the different 

 

frequencies and may introduce appreciable amounts of distor-

tion if not considered carefully from this standpoint. Therefore, 

 

the fundamental- conceptions which the student obtains in his 
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early studies should not be restricted to single frequency reac-
tions. 

 

Again in connection with the question of teaching engineering 

 

applications in the colleges, Professor Jansky has emphasized 

 

the importance of teaching the student how to apply his funda-
mental knowledge to specific problems. This is, of course, the 

 

aim of all education, for as Ruskin says, "All knowledge is lost 

 

which ends in knowing, for every truth we know is a candle given 

 

us to work by." In some cases, however, the tendency has been 

 

to attempt to make the student a finished radio engineer after 

 

having taken a course on radio telephony. This, of course, is a 

 

mistake, as the text books and problems used in the courses must 

 

necessarily lag considerably behind the practical application of 

 

the art in the field. In radio engineering particularly, the art 

 

is changing so rapidly that it appears futile to attempt to teach 

 

detailed application, but better to concentrate on the more funda-
mental aspects and by practice acquire skill in approaching new 

 

problems. 

 

1: 

 





USES AND POSSIBILITIES OF PIEZOELECTRIC 

 

OSCILLATORS* 

 

BY 

 

AUGUST HUND 

 

(PHYSICIST, BUREAU OF STANDARDS) 

 

Certain crystals I which lack symmetry exhibit electrical 

 

charges in particular regions when . subjected to stress or when 

 

heated or cooled. When the electrical charges are due to stress 

 

the effect is called piezoelectric, and, when due to heat, pyro-
electric. All piezoelectric substances are pyroelectric, and it is 

 

doubtful if any pyroelectric effect would be obtained if stresses 

 

were eliminated. The effect of stress was discovered by P. and 

 

J. Curie.2 

 

Though Rochelle salt has the greatest piezoelectric effect, 

 

and quartz a comparatively small one, the latter substance, on 

 

account of its mechanical properties, is more suitable for the 

 

uses and applications here described. Pioneer work in the 

 

practical applications of the piezoelectric effect has been de-
scribed3 by several experimenters. Prof. Cady and Prof. Pierce 

 

have been responsible for most of the applications of value in 

 

radio communication. 

 

Quartz has a crystalline structure, as shown in Figure 1, OX 

 

being the optic axis. A plate cut out with its surface parallel 

 

to the OX axis and either of the other two principal axes, OY 

 

or OZ, shows piezoelectric effects which are very pronounced. 

 

*Published by permission of the Director of the.National Bureau of Stand-ards of the U. S. Department of Commerce. 

 

Received by the Editor, November 12, 1925. Presented at a meeting of 
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I Rochelle salt, tourmaline, silicate of zinc, cane sugar, quartz, bora-cite, etc. 

 

I Comptes Rendus, vol. 91, pp. 294 and 383, 1880. Voigt, 
"
Lehrbuch der 

 

Kristallphysik " Leipsig, 1910; Graetz, "Handbuch der Elektrizitat and des 

 

Magnetlsmus,l' vol. 1, Leipzig, 1914. For similar observations consult Gehlers 

 

Physikalische Woerterb. Bd. 3, p. 255, 827. W. C. Roentgen, Weid. Ann. Bd. 

 

18, p. 534, Bd. 19, p. 523, 1883. M. G. Lippman, Ann. d. Chemie (5), T. 24, 

 

p. 45, 1881. W. Thomson, Phil. Mag., vol. 36, p. 331, 1893. 
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447 

 



448 AUGUST H7 XD 

 

Axes AB, CD, and EF are known as the piezoelectric axes. Piezo-

electric effects are observed when the plate is placed between 

 

two metal sheets. The planes of the sheets are then perpen-
dicular to one of the piezoelectric axes and parallel to the optic 

 

axis of the crystal. If the quartz plate is compressed, opposite 

 

charges will be induced in the two conducting sheets. Elon-

gation reverses the polarity. Hence if the circuit is closed by a 

 

conductor connecting the two metal sheets, and the plate is 

 

subjected to alternating mechanical impulses, it generates cor-

responding alternating electric currents. An alternating e.m.f. 

 

impressed across the piezoelectric plate will also cause a similar 

 

mechanical vibration in it. This is true even if the metal sheets 

 

are not quite touching the respective faces of the plate. 

 

FwURE 1--Quartz Crystal and Piezoelectric Yla.e 

 

Pituxledric Oscillator—Frain the foregoing it is evident that 

 

a plate of quartz can be used for converting mechanical vibra-

tions into electrical oscillations and vice versa. The effects are 

 

greatest when the electrical oscillation is adjusted to resonance 

 

with a possible natural mechanical vibration of the piezoelec-
tric plate. I

-
sing an electron tulle circuit it is possible to have 

 

the piezoelectric plate control the oscillations which are set up. 

 

Such an arrangement is shown in Figure 2 where a quartz plate 

 

can be inserted either between the grid and the filament or be-

tween the grid and the plate. 

 

The action of the circuit is as follows: upon closing the 

 

circuit or moving certain portions of it, a transient current is 

 

started in it whose decay assumes a frequency which is due to 

 

it poSslNe mechanical vibration of the piezoelectric plate. Nor-

mally such an oscillation would die out before being noticed. If, 

 

however, an inductance. L, of proper magnitude is inserted in the 
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plate circuit, it will, by means of the feedback4 through the tube 

 

itself, render the circuit regenerative, that is, produce the equiva-
lent of a negative resistance between the grid and the filament, 

 

and sustain the oscillations due to the piezoelectric element. 

 

Whenever this happens, the plate current measured by a d. c. 

 

milliameter drops to a minimum value. The output can be in-
creased by using a variable condenser, C, in parallel with the 

 

inductance, L; of the plate circuit. With the quartz plate con-
nected between the filament and the grid, the condenser is set 

 

at its minimum position and its capacity is gradually increased. 

 

For a certain setting, the oscillations begin to build up and while 

 

increasing C, the plate current will decrease until the oscillations 

 

stop altogether when close to the resonance setting of the C-L 

 

circuit. For the quartz plate connected to the anode and the 
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FIGURE 2—Circuit Connections for a Piezo-
electric Oscillator 

 

grid, the capacity, C, has to be gradually decreased from the 

 

maximum setting in order to start the oscillations. The 

 

building up of the oscillations takes place normally in a 

 

fraction of a second, but in some cases it may require several 

 

seconds, and it is therefore necessary to change C slowly. The 

 

slow building-up of the oscillations may be due to either a poor 

 

piece of quartz, incorrect value of the inductance L, or the lack 

 

of necessary freedom of the quartz plate. When using the 

 

quartz plate as an oscillator it is necessary for it to be free to 

 

move, while for use as a resonator the conductive layers can 

 

4 If the piezoelectric element is inserted between the filament and the grid 

 

the plate to grid capacity acts as the agency for the feedback of the plate
 

 

actions into the grid branch. The filament to grid capacity provides the feed-
back, if the quartz plate is connected between the grid and the anode. 
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even be pasted on the piezoelectric plate or clamped against it 

 

without disturbing the operation. 

 

Cutting of Quartz Plates Suitable for Oscillator Work.—Figure 

 

3 shows a large piece of quartz which rests on a surface perpen-
dicular to the optic axis along which no "direct" electrical effect 

 

is possible. Figure 4 shows another crystal of quartz likewise 

 

resting on a plane perpendicular to the optic axis. The lines 

 

indicate where a plate is to be cut out. Cuts of this type give 

 

a maximum piezoelectric effect with a small temperature coeffi-

cient which is either positive or negative. -lthough there are 

 

Ft wpm 3—Pievv �,f Quartz 

 

Resting Uu a Plane Perpendieu-
lar to the Optic Axis and Cut FIGURE 4—A Suitable Cut for 

 

Along an Axis Such as O\. Oy Obtaining a Plate for Piezo 

 

or OZ. Oscillators 

 

cuts for which the temperature coefficient is zero it has been 

 

found more practical to cut as closely as possible along 01, O1 

 

or OZ directions +Figure 11 since then three well-defined natural 

 

vibrations occur. Figure 5 shows a quartz plate removed from 

 

the original crystal while Figure G shows several plates cut out from 

 

the saute block. Froin such slices either rectangular plates are 

 

cut out as indicated on one of the slices or circular plates are 

 

cut out by meads of a revolving brass tube. The latter shape 

 

can i►c, secured more quickly since there are only two faces which 

 

IW(Id to be tt►ade parallel. There are several methods of cutting 

 

out slices from the natural crystal. One method is to use a plate 

 

of galvanized iron or copper which revolves against the crystal. 

 

To this is fed No. 150 carborunduni powder mixed with about 

 

the same amount c,by volume) of grater. The work can be done 

 

somewhat faster by using a plate of copper whose circumference 

 

is finely ribbed and charged with diamond dust, using a steady 
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flow of kerosene against the cutting edge. The faces are ground 

 

parallel first by means of No. 60 carborundum and water and 

 

then with No. 150 carborundum and water. The finishing 

 

is done by means of No. 140 emery powder mixed with water, 

 

then No. 302 emery and No. 303 emery in water solution. Most 

 

FIGURE 5—Quartz Plate Cut from the Natural 

 

Crystal 

 

of the piezoelectric plates at the Bureau of Standards are polished 

 

to transparency by means of rouge and the edges somewhat 

 

bevelled. A polished plate sometimes has the tendency to chip 

 

hG'URE 6— evc;ral Piezoelectric Plates 

 

Cut from a Quartz Crystal 

 

off near the edges. However, when the two main faces (parallel 

 

to the respective conducting layers) are polished, oscillations 

 

start more easily and such plates are usually more desirable. 

 

The breaking.off of the small pieces may be due either to excessive 

 

mechanical vibrations in the plate or more probably to strains 
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left near the polished surface, as in the case of Prince Rupert 

 

drops. 

 

Important Natural Mechanical Vibrations of Quartz Plates.— 

When quartz plates are cut out as described above and indicated 

 

in Figures 1, 4 and 5, it will be found that in general three funda-

mental modes of natural oscillations are possible. Several of 

 

the many samples tested are described in Table I, from which 

 

it is seen that two of the natural frequencies are close together 

 

with respect to the third. The reason for this is that the thick-

ness of the plates is small in comparison with the other two 

 

dimensions. 

 

When rectangular plates are cut not along planes parallel 

 

with either OX, OY, or OZ (Figure 1) but along planes of zero 

 

temperature coefficient of frequency or planes closer to direc-

tions OA, OD, or OE, either three or more natural mechanical 

 

vibrations occur and with frequencies which are not always in 

 

agreement with those expected when the normal cuts are em-

ployed. For example, a rectangular plate 24.94 X 19.29 X 3.03 

 

mm. gave fl =105; fs = 612, and f3=  924 kc., that is, two higher 

 

frequencies, f and f3 respectively, in comparison to the third 

 

frequency f,. A normal cut would have given two low frequen-
cies and a high one. In another case four natural frequencies 

 

were obtained, the plate having the dimensions 24.775 X 19.92 

 

X 3.04 nim., that is, almost the identical shape as in the first 

 

case. These frequencies were ,fj =105.6; f.2=   606.5; f3= 819.5 

 

and f4= 932.5 kc. 

 

Using normal cuts as shown in Figure 1, it can be said that three 

 

fundamental natural frequencies are possible, irrespective of 

 

whether the cut is bounded by a rectangle, square. ellipse or circle, 

 

as long as the thickness is small, but not too small, in comparison 

 

with the other dimensions. If a thickness is used which is com-

parable to the other dimensions such as in a cube, it would take 

 

a strong electric field to start the oscillations and there would be 

 

little gain since the frequencies would be close together. In the 

 

same wav when the shortest dimension becomes small, less than 

 

about 2 mm., special measures have to be employed to start the 

 

highest frequency. 

 

In all cases, irrespective of shape, the fundamental vibration 

 

due to the thickness can be estimated with a good degree of 

 

approximation from the expression 

 

f3= 
2870 

 

(1) 
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when f is expressed in kilocycles per second (kc.) and the thickness 

 

t measured in mm. It is therefore seen that the product of the 

 

frequency and the thickness is a constant 

 

K3 =f3 - t = 2870 (2) 

 

This is shown by the data of Table I and II. 

 

Data on circular plates used as piezo oscillators, fl is the lowest 

 

f2 the medium, and f3 the highest natural frequency of the quartz 

 

plate. 

 

Since for oscillator work the surfaces of the piezoelectric 

 

plate are free, it can be assumed that a fundamental vibration 

 

has its node at the center of the plate and consequently the 

 

thickness is equal to one-half wave length. If v3 denotes the 

 

velocity of propagation along the thickness t, that is, along the 

 

electrostatic lines across the plate and �3, the wave length, we have 

 

V3 = �3f3 = 2 tf3 = 2 K 3 

 

(3) 

 

Hence twice the value of the constant K3 gives the velocity of 

 

propagation, 574 X 103 cm. /sec. This result agrees within about 

 

5% with a value obtained from a theoretical formula.b This 

 

agreement would probably be much better if the appropriate 

 

modulus of elasticity were used. The other frequencies which 

 

are lower and due to larger dimensions can not be calculated 

 

by formula (1). However, for circular plates 

 

2715 

 

fI = 
d 

 

f2

 _ 3830 

 

d 

 

(4) 

 

(5) 

 

where d is the diameter of the plate in millimeters and the 

 

respective frequencies are again expressed in kilocycles. The 

 

characteristic constants for these two oscillations are then 

 

and 

 

KI =fl d=2715 

 

K2=f2d=3830 

 

(6) 

 

(7) 

 

and the respective velocities of propagation along the diameters 

 

are: 

 

vi = 2 KI = 543 X 103 cm./sec. (8) 

 

v2 = 2 K2 = 766 X 103 cm./sec. (9) 

 

using similar assumptions as for vI. 

 

6 

 

modulus of elasticity  v3 = _ 1785X10
11dynei/em.2 

 

v density 2.654 gn/cc 

 

= 540 X 103 cm/cc 

 

i 
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The optic axis is along a line which is parallel to the circular 

 

planes of the plate and so one diameter is parallel with the optic 

 

axis. Along a diameter perpendicular to the optic axis the mo-
dulus of elasticity is, as given in footnote 5,7.85 X 1011 dynes/cm.2 

 

and with the density value given in that formula confirms exactly 

 

the velocity, v,, of equation (8). The value, v2, is high and even 

 

if it is assumed that the vibration occurs along the direction of 

 

the optic axis for which the modulus would be 10.3 X 1011 dynes/ 

 

cm.2 the theoretical velocity is only 623 X 103 cm./sec., which is 

 

about 22 percent low. The mechanism for this oscillation is 

 

TABLE II 

 

DATA ON CIRCULAR PLATES USED As PIEZO OSCILLATOR 

 

Quartz 

 

Plate 

 

Natural Fundamental 

 

Frequencies in Kilo 

 

cycles per second 

 

Corresponding Wave 

 

esP g 

 

lengths in meters 

 

fi.d 

 

f2.d 

 

fs.l 

 

f, 

 

f2 

 

A 

 

At 

 

A2 

 

As 

 

At 

 

74.95 

 

105.5 

 

452.5 

 

4000 

 

2842 

 

663 

 

2710 

 

3814 

 

2856 

 

A2 

 

75.05 

 

105.91 

 

454.2 

 

3995 

 

2831 

 

659.8 

 

2713 

 

3829 

 

2865 

 

A  

 

74.9 

 

105.15 

 

454.25 

 

4003 

 

2853 

 

660 

 

2707 

 

3800 

 

2868 

 

A4 

 

75.4 

 

106.0 

 

457.0 

 

3976 

 

2828 

 

656 

 

2726 

 

3830 

 

2873 

 

As 

 

74.75 

 

105.35 

 

454.5 

 

4011 

 

2847 

 

659.5 

 

2700 

 

3810 

 

2869 

 

As 

 

75.0 

 

105.75 

 

454.5 

 

3997 

 

2835 

 

659.5 

 

2710 

 

3828 

 

2869 

 

A7 

 

75.1 

 

106.25 

 

453.75 

 

3991 

 

2822 

 

661 

 

2713 

 

3840 

 

2861 

 

A9 

 

74.8 

 

105.5 

 

457.25 

 

4007 

 

2842 

 

655.5 

 

2703 

 

3814 

 

2887 

 

A9 

 

75.25 

 

106.5 

 

453.25 

 

3984 

 

2815 

 

661.5 

 

2720 

 

3850 

 

2860 

 

A10 

 

74.75 

 

106.0 

 

454.25 

 

4011 

 

2828 

 

660 

 

2700 

 

3830 

 

2868 

 

Au 

 

74.8 

 

105.95 

 

453.25 

 

4007 

 

2829 

 

661.5 

 

2703 

 

3830 

 

2861 

 

Ail 

 

74.95 

 

105.55 

 

454.25 

 

4000 

 

2840 

 

660 

 

2710 

 

3819 

 

2868 

 

Ala 

 

74.7 

 

105.55 

 

454.5 

 

4013 

 

2840 

 

659.5 

 

2700 

 

3819 

 

2869 

 

Ai4 

 

74.75 

 

106.1 

 

454.5 

 

4011 

 

2827 

 

659.5 

 

2700 

 

3835 

 

2869 

 

A I
 

s 

 

75.15 

 

106.0 

 

456.0 

 

3989 

 

2828 

 

657 

 

2716 

 

3830 

 

2869 

 

A  

 

75.05 

 

105.75 

 

454.5 

 

3995 

 

2835 

 

659.5 

 

2713 

 

3825 

 

2860 

 

An 

 

74.65 

 

10-5.1.5 

 

4.53.7.5 

 

4016 

 

2853 

 

661 

 

2699 

 

3800 

 

2860 

 

A's 

 

75.1 

 

106.1 

 

453.25 

 

3991 

 

2827 

 

661.5 

 

2714 

 

3836 

 

2860 

 

A,9 

 

74.9 

 

105.35 

 

452.5 

 

4003 

 

2847 

 

663 

 

2707 

 

3810 

 

2856 

 

(Circular Quartz plates all of the same size, diameter-36.15 mm. and thickness-6.31 mm. 

 

cut from different pieces of quartz as indicated in Figure 1.) 

 

probably more complicated than the other two. Nevertheless 

 

this in no way gives any practical difficulties since equation (5) 

 

can be used to a fair degree of approximation even though a 

 

better explanation cannot be givers at the present time. 

 

According to Table I and many other data, it is more difficult 

 

to give good approximation formulas for the two low frequencies, 

 

f, and f2j respectively, of rectangular plates since some values 

 

deviate too much from the average value. The average value 

 

of the lowest frequency gives a characteristic constant of about 

 

K, = 2785 and for the medium frequency K2= 2945. The cor-
responding velocity values, v, = 2 K,, and v2 = 2 K2, are reason-
able. It is interesting to note that their average value gives about 

 

the value for the constant K3. From these observations it looks 

 

as though the three characteristic vibrations occur along the 

 

three main dimensions. This appears to contradict the theory 
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of piezoelectricity, tit, least at first, night, since ool, diicn-ntiioci i-

1,arallel to the optic axis along which Ito piezo eh-1 ri4- ('11' (l i, 

 

possible. But since it cont,racl ion across It set of Siii,c11 ht('41�" 1u r-

pendicular to the optic axis produces tin expau."Hal along Iii, 

 

axis and vice ve►;sa, there will be it disarrangement, of the riioleeicles. 

 

The effect of this probably produces the third vibration. 

 

Another explanation would be that the piezoelectric 1)1,11v 

 

acts like a coupled circuit which produces two frequencies, one 

 

which is somewhat lower and another which is sotliewhat I►igher 

 

than the expected frequency. The degree of coiipling is depend-
ent on the relative magnitude of the three inaiu axis. 

 

A third explanation makes use of the fact that t,he, vibratio►c 

 

parallel to the two conducting layers may be due to both it trcu►s-

verse and a longitudinal wave motion which have different 

 

velocities of propagation and so produce two waves of different 

 

frequencies. 

 

Experience indicates that it is best to use circular plates. 

 

It is essential that the faces be exactly parallel since otherwise 

 

the frequency spectrum of the highest frequency ►nay give several 

 

values or not appear at all. It happens sonietinies that it plate 

 

will not oscillate at all, although the faces appear to be parallel. 

 

A little grinding which would hardly be noticed with a niicroineter 

 

brings in the oscillation. This is probably due to the fact that a 

 

certain stiffness exists so as to annul the effect. Sometimes after 

 

grinding, the oscillation disappears again and further grinding 

 

starts another higher oscillation and so on, which somewhat con-

firms the last explanation. Some plates work exceedingly well 

 

because one fundamental oscillation is a multiple of another 

 

fundamental oscillation. 

 

Besides the three fundamental oscillations a piezo oscillator 

 

(Figure 2) will give a series of harmonics. They are due mostly 

 

to the distortion produced by the tube circuit. They should be 

 

distinguished from the higher modes of oscillation when the piezo-
electric plate is used as a resonator and for which no harmonic 

 

relations necessarily exist. 

 

CALIBRATION OF FREQUENCY METERS BY MEANS OF A PIEZO 

 

OSCILLATOR 

 

The method, which is due to Prof. G. W. Pierce (see footnote 

 

No. 3), is illustrated in Figure 7. Use is made of the three funda-

damental frequencies due to the quartz plate, the harmonics 

 

of the corresponding electrical oscillations as well as of the har-

monics of the auxiliary generator. 
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The procedure of measurement is as follows: 

 

(1) By means of the inductance LI and the variable air con-
denser CI the piezo oscillator is set to one of the three funda-
mental vibrations of the quartz plate, say for instance, to 80 kc. 

 

This is accompanied by using an inductance LI which tunes for a 

 

certain setting of CI to this frequency. 

 

With the piezoelectric plate connected between the filament 

 

and the grid, the capacity CI is gradually increased until a de-
crease is noted in the milliammeter in the plate circuit. The 

 

capacity of CI is further increased untile the oscillations stop. 

 

Tx m I 

 

AUXILIARY 6ENERAMR, 

 

FREQUENCY METER 

 

TO BECALIBRATF_D 

 

PUDEJ ECTRIC OSCILLATOR 

 

FIGURE 7—Arrangement for Calibrating a Frequency Meter 

 

This happens when the CI — LI branch becomes a capacity re-
actance and produces a positive resistance between the grid and 

 

the filament. The circuit is then no longer regenerative and can-
not sustain the oscillations set up by the piezoelectric plate. 

 

The oscillations are started once more by setting the con-
denser at a point just below the resonance setting. Such a con-
dition will, as a rule, produce a current which is rich in har-
monics with a fundamental frequency of remarkable steadiness .7 

 

(2) The loosely coupled auxiliary generator is set to the same 

 

fundamental frequency by noting the beat note either with the 

 

A milliammeter giving 5 to 10 ma. for maximum deflection is suitable 

 

for this work if an ordinary receiving tube is being used with about 80 volts on 

 

the plate. 

 

7 A weight of about 50 grams when resting on a plate vibrating at about 

 

10° cycles per second does not change the frequency more than about 10 cycles, 

 

and one degree Centigrade change in temperature produces a frequency change 

 

of about 20 parts in one million. 
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telephone receiver T, or T2. Resonance occurs where the critical 

 

silence condition (zero beat) within the range of the audible 

 

note is secured." 

 

(3) The frequency meter to be calibrated is loosely coupled 

 

to the auxiliary generator and its setting varied until the grid 

 

milliammeter G of the generator shows a decrease. When this 

 

is a minimum the frequency meter is tuned to resonance with the 

 

auxiliary generator, i. e., to the fundamental9 frequency of the 

 

piezo oscillator which, for example, is 80 kc. 

 

(4) The frequency of the auxiliary generator is then increased 

 

until the next best beat note is heard and the critical silence 

 

position adjusted. The grid current decrease produced by the 

 

resonance of the frequency meter then gives the calibration for 

 

the second harmonic which is for the example 2 X 80 kc. Without 

 

the aid of an amplifier it is possible to go up to about the 20th 

 

harmonic. Using one or two stages of audio-frequency amplifica-
tion for the beat note, it is possible to hear beat notes up to about 

 

the 200th harmonic. For ondinary work, the amplifiers can be 

 

dispensed with since the twenty harmonics of each of the three 

 

fundamental vibrations of the quartz plate give sufficient points. 

 

For beat notes due to harmonics of the piezo osillator with the 

 

fundamental of the auxiliary generator, it is best to use the 

 

receivers Tl because the beat notes are then louder. 

 

(5) By adjusting the fundamantal frequency of the auxiliary 

 

generator to half of the frequency of the piezo oscillator, that is, 

 

in the above case to 40 kc., the second harmonic (2 X 40 kc.) of 

 

the auxiliary generator • will beat with the fundamental current 

 

of the piezo oscillator and the grid current decrease will give the 

 

calibration for f/2 = 40 kc., if f denotes the fundamental frequency 

 

of the piezo oscillator. In a similar way we get calibrations for 

 

f/3, f/4, f/5, etc., and this can be readily carried on at least to 

 

f/20 without the use of an amplifier. For practical frequencies 

 

the telephone receiver T2 should be used since the harmonics 

 

of the auxiliary generator are being utilized. Since there are 

 

normally three fundamental frequencies, f,, f2 and fa of the 

 

quartz plate, it is evident that one quartz plate is sufficient to 

 

8 The beat note passes from a high pitch through a low note, narrow 

 

silence region, and again up to a higher note, while the condenser C of the 

 

auxiliary generator is being varied. The critical silence position can be set 

 

within about 15 cycles per second and even somewhat less by means of telephone 

 

receivers. If a still gres.ter accuracy is required, a milliammeter can be used 

 

instead of phones for watching any of the slower beats between zero and 15 

 

cycles. 

 

9 By means of the grid milliammeter, the frequency meter can be coupled 

 

very loosely to the auxiliary generator with a negligible effect on the frequency. 
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check the entire range of frequencies used in radio communica-
tion. Figures 8a and 8b show characteristic frequency spectra 

 

for a circular quartz plate and a rectangular plate, respectively. 

 

The exact values are given in Tables III and IV and are computed 

 

from only three primary calibrations, namely from the three 

 

fundamental frequencies fl, f2 and fa of the piezoelectric plate. 

 

Example—Suppose a certain frequency meter is to be cali-
brated for a range between 10 and 50 degrees of the condenser 
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FICURF 8a—Frequeneies Produced by a Piero Oscillator Using a Circular 

 

Quartz Plate 6.307 mm. Thick, and a Diameter of 36.15 mm. The Three 

 

Fundamental Frequencies are 75.05, 105.91 and 454.2 kc. 
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FIGURE 8b—Frequencies Produced by a Piezo Oscillator Using a Rectangular 

 

Quartz Plate 3.12 x 25.155 x 31.855 mm. The Three Fundamental Frequen-cies are 79.925, 105.41 and 924.57 kc. 

 

setting. By means of the auxiliary generator whose settings are 

 

approximately known, a few points can be readily found to an 

 

accuracy of about one percent. Otherwise the old calibration of 

 

the frequency meter can be used or the calibration be estimated 

 

from the capacity and the approximate value of the inductance. 

 

Suppose that with one of the above procedures it has been found 

 

that at 20 degrees the frequency is roughly 226 kc.; at 30 degrees 

 

it is 190 kc., and at 40 degrees it is 168 kc. Using the piezo oscil-
lator with the circular plate we find from Table III that 225.15 kc. 

 

is closest to 226 kc. and is due to the third harmonic (3 fl) of the 

 

lowest frequency of the piezoelectric plate, while 227.1 kc. cor-
responds to a setting of the auxiliary generator of half of the fre-
quency (fa/2) of the highest natural frequency of the plate. 
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TABLE, III 

 

FREQUENCIES AVAILAIILI: FIl011 1111:''/.11 OSCILLATOR A (0'ii-dar No, ) 

 

A -75.05 ko. 

 

/3-10.5.91 ke, 

 

Jn -4fi1 1 k 

 

7.505 - A/10 

 

211.82 = 2 fv 

 

3fd1 .t1 - 18 fl 

 

8.3380 - f1/9 

 

'225.15 = :3 f1 

 

:3112.11 _ :3 fa 

 

9.38125= h/8 

 

227.1 = fa/2 

 

3711.83 =1:1 f•2 

 

1().591 - f2/10 

 

300.2 = •1 fl 

 

425.95=19 f) 

 

10.7214 - fl/7 

 

317.73- 3 f2 

 

482.74 =14 f•2 

 

11.7678 - f2/9 

 

:375.25= 5 ft 

 

501 .0 =20/i 

 

12.5083 - fi/6 

 

423.64 = 4 f2 

 

588.1If, = 15 fu 

 

13.2388 - f2/8 

 

450.3 = 6 fl 

 

694. Mi = 16 f2 

 

15.01 - h/5 

 

454 .2 = fa 

 

81X1.47 =17 f2 

 

15.13 = f2/7 

 

525.35- 7 fl 

 

816.6 = 4 f3 

 

17.6517 = f2/6 

 

529.55 = 5 f2 

 

1X16 .:38 =18 f2 

 

18.7625 = fi /4 

 

600.4 = 8 A 

 

2012.29 - 19 f•: 

 

21.182 = f2/5 

 

635.46 = 6 f2 

 

2118.2 =20 f2 

 

25.0167 = h/3 

 

675.45 = 9 A 

 

2271.0 = 5h 

 

26.4775 = f2/4 

 

741.37 = 7 fl 

 

2725.2 = 6 A 

 

35.3033 = f2/3 

 

750.5 =10 f1 

 

3179.4 = 7 fa 

 

37.525 = f,/2 

 

825.55 =11 A 

 

3633.6 = 8 fa 

 

45.4.2 = fa/10 

 

847.28 = 8 f 

 

4087.8 = 9 f3 

 

50.4667 = f3/9 

 

900.6 =12 fl 

 

4'x12.0 = 10 fa 

 

52.955 = f2/2 

 

908.4 = 2 fa 

 

4906.2 = I l fa 

 

56.775 = f3/8 

 

953.19 = 9 f2 

 

:x350.4 = 12 f3 

 

64.8857 = f3/7 

 

975.65 =13 fi 

 

5904.6 =1:3 fa 

 

75.05 = fl 

 

1050.7 =14 A 

 

6358.8 =14 f3 

 

75.7 = f3/6 

 

1059.1 =10 f2 

 

6813.0 = 15 fa 

 

90.84 =f3/5 

 

1125.75 =15 A 

 

7267.2 = 16 fl 

 

105.91 = f2 

 

1165.01 =11 f2 

 

7721.4 =17 f3 

 

113.55 = f3/4 

 

1200.8 =16 A 

 

8175.6 = I8 f3 

 

150.1 =2 A 

 

1270.92 =12 A 

 

8629.8 =19 A 

 

151.4 = f3/3 

 

1275.85 =17 h 

 

9084.0 = 20 f3 

 

TABLE 1V 

 

FREQUENCIES AVAILABLE FROM PIEZO OSCILLATOR B (Rectangular Plate) 

 

fi =79.925 ke. 

 

f2 =105.41 ke. 

 

f3 =924.54 kc. 

 

7.9925 =f1110 

 

8.8805 =f1/9 

 

9.9906 =fi/8 

 

10.541 =f2/10 

 

11.4178 =fl/7 

 

11.712 =f2/9 

 

13.176 =f2/8 

 

13.321 =fi/6 

 

15.058 =f2/7 

 

15.985 =fl/5 

 

17.568 =f2/6 

 

19.981 =h/4 

 

21.082 =f2/5 

 

26.352 =f2/4 

 

26.642 =h/3 

 

35.137 =f2/3 

 

39.9625 =f1/2 

 

46.23 =f3/20 

 

48.66 =f3/19 

 

51.36 =f3/18 

 

52.705 =f2/2 

 

54.38 =fa/17 

 

57.78 =f3/16 

 

61.64 =f3/15 

 

66.04 =f3/14 

 

71.12 =f3/13 

 

77.04 =f3/12 

 

79.925 =f, 

 

84.05 =f3/11 

 

92.454 =f3/10 

 

102.727 =f3/9 

 

105.41 =f2 

 

115.567 = f3/8 

 

132.077 = f3/7 

 

154.09 = f3/6 

 

159.85 = 2 fi 

 

184.908 = f3/5 

 

210.82 = 2 f2 

 

231.135 = f3/4 

 

239.775 = 3 fi 

 

308.18 = fa/3 

 

316.23 =3f2 

 

319.7 = 4 fl 

 

399.625 = 5 A 

 

421.64 = 4 f2 

 

462.27 = f3/2 

 

479.55 = 6 fi 

 

527.05 = 5 f2 

 

559.475 = 7 fl 

 

632.46 = 6 A 

 

639.4 = 8 A 

 

719325 = 9 A 

 

737.87 = 7/2 

 

799.25 =10 A 

 

843.28 = 8f2 

 

879.175 =11 A 

 

924.54 = f3 

 

948.69 = 9 f2 

 

959.1 =12h 

 

1039.025 =13 fi 

 

1054.1 =10 f2 

 

1118.95 =14 fi 

 

1159.51 =11 f2 

 

1198.875 =15 fl 

 

1264.92 = 12 f2 

 

1278.8 = I6 A 

 

1358.72.5 = 17 fl 

 

1370.33 =13 f2 

 

1438.6.5 = 18 A 

 

1475.74 =14 f2 

 

1518.575 =19 f 

 

1581.15 =15 f2 

 

1598.5 =20 fl 

 

1686.56 = 16 f2 

 

1791.97 =17 f2 

 

1849.08 = 2 fa 

 

1897.38 =18 f2 

 

2002.79 =19 f2 

 

2108.2 ='20 f2 

 

2773.62 = 3 fa 

 

3698.16 = 4 f3 

 

4622.7 = 5 fa 

 

5547.24 = 6 f3 

 

6471.78 = 7 f3 

 

7396.32 = 8 f3 

 

8320.86 = 9 f3 

 

9245.4 =10 A 

 

10169.94 = 11 f3 

 

11094 .48 = 12 f3 

 

12019.02 =13 f3 

 

12943.56 = 14 f3 

 

13868.1 =1:, f3 

 

14792.64 =16 f3 

 

15717.18 =17 f3 

 

16641 .72 =18 fa 

 

17566.26 =14 f3 

 

18490.8 = 20 f3 
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Ether one can be used since the points are rather close together. 

 

In a similar way 151.4 kc. =f313 requires that the auxiliary gen-
erator is set to one-third of the frequency of the highest frequency 

 

of the piezoelectric plate corresponding roughly to about 50 

 

degrees on the scale of the auxiliary generator. It is convenient 

 

to have a rough calibration for the auxiliary generator used. The 

 

accurate calibration is then as follows: 

 

(a) The piezo oscillator is excited to the higher frequency 

 

which in this particular case is f3= 454.2 kc. 

 

(b) The auxiliary generator is set to a frequency of about 

 

151 kc. according to the rough calibration given on the curve of 

 

the coil and the condenser C2 varied slightly until a beat note is 

 

heard and then adjusted to the point of zero beat. 

 

(c) The dip 12 in the grid current produced by the resonance 

 

of the frequency meter then gives the calibration for 151.4 kc. 

 

(d) By searching by means of C2 and for the same vibration 

 

(f3=454.2 kc.) of the plate in the neighborhood of 225 kc. for a 

 

beat note and setting again to the critical silence point, calibra-
tion for 227.1 kc. is secured. 

 

(e) Next, the piezo oscillator is adjusted so that the plate: 

 

vibrates at f1= 75.05 kc., and a beat note found near 225 kc. 

 

After securing the critical silence point and obtaining the grid 

 

current dip, the calibration for 225.15 kc. is obtained. 

 

BEATS BETWEEN HARMONICS AND THEIR APPLICATION 

 

When the coupling between the auxiliary generator and the 

 

piezo oscillator is somewhat closer but still loose enough to avoid 

 

any objectionable interaction between the respective circuits, 

 

it is possible to hear weak beat notes, which correspond to 1.25, 

 

1.33, 1.5, etc., times a fundamental frequency f of the quartz 

 

plates of zero beat settings for f/1.25, f/1.33, f/1.5, etc. Such 

 

beats are caused by the interference of harmonic currents of the 

 

piezo oscillator with harmonic currents of the auxiliary generator. 

 

This is evident when we express 1.25 f by 5 f/4 and note that for 

 

a fundamental frequency f of the auxiliary generator and its 

 

adjustment to zero beat within the region of such an interference 

 

the relation 

 

5f 4F 

 

12 For certain couplings (which are not extremely loose) as the fre-quency meter gets gradually in resonance with the auxiliary generator a low 

 

beat note appears again and disappears as resonance occurs. This method 

 

can be used for checking the grid dip. 

 

I 
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or 5f=4F 

 

holds. Hence the fifth harmonic of the piezo oscillator produces 

 

a zero beat with the fourth harmonic of the auxiliary generator. 

 

In a similar way the case of 1.33f = 
3 

shows that the fourth 

 

harmonic of the piezo oscillator is beating with the third harmonic 

 

of the auxiliary generator and that for 1.5 f the third harmonic 

 

of the piezo oscillator beats with the second harmonic of the 

 

auxiliary generator. 

 

Such beats can also be explained by means of beats of beat 

 

currents. Suppose the piezo oscillator is excited with a funda-

mental frequency f = 80 kc., and that the fundamental frequency 

 

of the auxiliary generator is set to F =125 kc., then an interfer-

ence takes place between the fundamental currents of the respec-
tive high frequency sources. The amplitude variation of the 

 

resultant current occurs at the rate of F -f = 45 kc., which cor-

responds to a high-frequency variation which is not audible. 

 

Another amplitude variation which is possible is due to the inter-

ference between the second harmonic of the piezo oscillator and 

 

the fundamental current of the auxiliary generator which pro-
duce again a high-frequency variation but of frequency 2 f — F = 

 

35 kc. But these two high-frequency currents can beat again 

 

and with each other producing an audible current of frequency 

 

45-35=10 kc. If the auxiliary- genenator is, therefore, varied 

 

until F =120 kc., then 

 

F—f=2,f—F=40 kc. 

 

and a zero beat condition is attained which confirms the case of 

 

1.5 f =120 kc. According to this explanation the so-called 

 

"spurious" beat notes are due to beats between beat currents, 

 

which accounts for the fact that they are, as a rule, weaker than 

 

the beat notes giving the settings as expected directly from the 

 

theorm of Fourier. The first explanation by means of the inter-

ference between the harmonics of each circuit confirms the law 

 

a.f =b.F (10) 

 

where a and b are whole numbers and is perhaps the most direct 

 

way of explaining the phenomenon. 

 

For ordinary work, it seems best to utilize only the main har-

monics as shown in Tables III and IV; but if more points are 

 

required, for example, two more points between 90.84 and 

 

105.91 kc. (Table III), it is possible to secure them by means of 

 

the fundamental plate vibration f, = 75.05 kc. by 5 f' =93.81 

 

using  
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and 3' =99.82 kc. 

 

METHOD USED FOR GRINDING PIEZOELECTRIC PLATES ACCURATEY 

 

TO THE REQUIRED FREQUENCY 

 

It is possible to grind a quartz plate accurately within a 

 

small fraction of a desired frequency, even though the desired 

 

frequency is of the order of 108 cycles per second. An ordinary 

 

standard frequency meter does not have the resolving power to 

 

indicate such accurate settings, but the beat method, with a 

 

visual beat indicator, can be used. The principle of this method 

 

is as follows: An auxiliary generator is required, which can be 

 

set at the desired frequency and can maintain it constant for 

 

some time. The piezoelectric plate, after first being ground to 

 

the approximate frequency according to the frequency formulas 

 

given in this paper, is connected as indicated in Figure 2. The 

 

holder for the plate is shown in Figure 9b and provides an air 

 

FIGURE 9a—Quartz Plate and Holder for Piezo Oscillator 

 

gap of about one-third mm. between the upper face of the plate 

 

and the brass cover. Figure 9a shows the holder open. The plate 

 

rests on a polished brass plate. A note will be heard in the tele-
phone receiver of the piezo oscillator, since the frequency of the 

 

plate is somewhat off. The plate is taken out of the holder and 

 

moved slightly over a grinding plate, using fine emery with water 

 

and tried again and again until the note becomes so low as to be 

 

difficult to hear. This indicates that the frequency difference 

 

is about 15 cycles, the exact frequency depending on the observer. 

 

By using a portable galvanometer instead of the phones, the 

 

slower beats between 15 and zero cycles can be indicated. It is 

 

convenient to connect a portable galvanometer using about 1 to 

 

2 ma. current for the maximum deflection in series with a crystal 

 

detector and a coil coupled loosely to both the piezo oscillator 

 



464 AUGUST HUND 

 

and the auxiliary generator. When the pointer swings to and 

 

fro twice in one second, it indicates that the frequency is off by 

 

two cycles per second; and if the pointer moves once in two 

 

minutes, the frequency is only off by 1/120th of a cycle per sec-
ond. Accuracies of such a nature are seldom required, and the 

 

grinding, according to the formulas given here, is usually suf-

ficiently accurate. 

 

ROUGH TEST FOR SUITABLE PIEZOELECTRIC MATERIALS 

 

For a rough test of material to determine the suitability for 

 

piezo oscillators, a plate or disk is cut from the material which 

 

FIGURE 9b—Quartz Plate Holder for 

 

Piezo Oscillator Assembled 

 

does not need to be exactly parallel), and this plate is inserted 

 

between the plate and the grid of an auxiliary generator which has 

 

a telephone receiver in the plate circuit. If the sample is suitable 

 

it will give several distinctive absorption noises while acting as 

 

a resonator. The frequency of the generator is gradually varied 

 

and a click will be heard for the different modes of resonator 

 

actions. 

 

METHOD FOR CONTROLLING POWER BY MEANS OF PIEZOELECTRIC 

 

PLATE 

 

Since it is not possible to generate much power13 in the cir-

cuit it which the quartz plate is connected, an amplifier which is 
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free from self-oscillation must be used. An arrangement is 

 

shown in Figure 10. The piezo oscillator is set for maximum 

 

output so that its fundamental current is almost sinusoidal and 

 

pronounced. This is done by varying the capacity of C (circuit 

 

as in Figure 2), until the oscillation is about to stop. The ampli-
fier tube (50-watt tube) as well as the power tube (250 watts) 

 

use negative grid voltages so that they deliver no plate current 

 

at times when the piezoelectric plate is not vibrating. These 

 

tubes are therefore only loaded at such times as they are required 

 

to deliver power. Experiment shows that there is no transfer of 

 

power back to the piezo oscillator, and that the arrangement does 

 

not generate but merely amplifies the current of the first circuit. 

 

This can be demonstrated by keying the switch K. With the 

 

PIEZOELECTRIC. 

 

OXILLATOR 

 

FIGURE 10—Control of Power by Means of Piezoelectric Oscillator 

 

switch open, incandescent lamps consuming 250 watts in place 

 

of the load burn brightly; with the switch closed they are ex-
tinguished. The arrangement indicated works well. To control 

 

more power, one or more stages may be added. The control of 

 

power is of special interest for high-frequency work (2,000 kc. 

 

and above), where the constancy of the frequency is otherwise 

 

greatly impaired by body capacity, etc. Special means have to 

 

be used then to produce the very high-frequency oscillations. 

 

One is, for instance, by using a suitable auxiliary voltage in the 

 

grid circuit of the piezo oscillator. If an appropriate choke coil 

 

is used instead of the auxiliary voltage in the grid branch, care 

 

mutt be taken that the tube does not produce oscillations which 

 

are due to the constants of the circuit. 

 

AUDIO-FREQUENCY CURRENTS FROM PIEZO PLATES OF MODERATE 

 

SIZE 

 

Since the frequency in kilocycles of a quartz plate is roughly 

 

3,000 divided by the dimension in mm. along which the vibration 

 

occurs, it is evident that a very large plate has to be used for pro-
ducing audio currents. Audio frequencies can, however, be 
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obtained when the interference vibrations of two high frequencies 

 

are produced, giving beats of audio frequency. There are three 

 

methods for accomplishing this. 

 

(1) Use of two piezo oscillators. Suppose one marked A has 

 

a fundamental frequency of 100 kc. and another marked B a fre-

quency of 99 kc. Each plate is connected in a separate piezo 

 

oscillator as shown in Figure 2. The two circuits may be coupled 

 

to a third circuit with a detecting device and will give an audio 

 

frequency current of 1 kc. Either of the two circuits may be used 

 

also as a detector, and the audio frequency taken directly from 

 

one of them. For ordinary work this gives the audio-frequency 

 

currents readily. However, one circuit has the tendency to 

 

affect the other, that is, by adjusting the amplitude of one high-
frequency component the frequency of the audio current varies 

 

somewhat, often as much as 10 to 20 cycles per second. This is 

 

a disadvantage when a high precision is required unless the circuit 

 

is calibrated and used only for certain amplitudes (condenser 

 

settings of the respective piezo oscillators). 

 

-
(2) Use of two quartz plates in the same circuit. The two 

 

plates A and B may be connected in parallel but in separate plate 

 

holders and in the same circuit which gives directly the audio-

frequency current. The audio-frequency oscillation is then a 

 

little harder to start since both high frequencies are produced 

 

by the same tube. It may happen that one of the two high-

frequency vibrations builds up faster than the other and uses all 

 

of the available power and annuls the effect of the other oscilla-

tion. This is sometimes accompanied by a short whistle during 

 

which period both oscillations exist. Sometimes there is no 

 

whistle at all, in which case only one oscillation starts up. 

 

By using frequencies in the neighborhood of 100 kc. and 

 

higher, it is easy to find a plate inductance which starts both 

 

frequencies and produces the desired audio-frequency current. 

 

If it is done properly the audio frequency can be produced for a 

 

range of condenser setting (about 10 to 20 degrees) and adjusted 

 

to a point for which maximum loudness exists. This is the point 

 

for which the oscillator should be calibrated and used. 

 

(3) Use of a single quartz plate. A single piezoelectric ele-

ment may be used for producing the audio-frequency current 

 

directly. To accomplish this a plate is ground first for producing 

 

the component vibration A and then a small step ground in it 14 

 

11 Not more than about 6 watts for a plate of average rating. 

 

14 The height of the step is exceedingly small so that the quartz has still 

 

the shape of a plate to the eye and can be used in an ordinary plate holder with 

 

an air gap of about 1/3 mm. 
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as indicated in Figure 11 in order to superimpose on it the high-

frequency vibration B. The plate is used in the ordinary way, 

 

(Figure 2) and works well. The oscillogram of Figure 12 shows 

 

the beat current which produces an audible note. Figure 13 

 

FIGURE 11—A Piezoelectric Plate with 

 

a Minute Step in it for Audio Fre-
quency Currents 

 

gives an arrangement using a plate as indicated in Figure 11, 

 

when more output is required. It is an arrangement which is 

 

self-starting, that is, a fixed condenser is used in the piezo circuit 

 

and the audio frequency current will start upon closing it. The 
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FIGURE 12—Beat Current Produced by a Single Small Piezoelectric Oscillator. 

 

(f .. 1912.1 Cycles per Second, Upper Oscillogram is the Timing Wave.) 

 

arrangement of Figure 13 was used for producing the wave shown 

 

in Figure 12. For the oscillographic work and other applications 

 

it is also possible to use the piezoelectric plate circuit directly in 

 

the output circuit as long as not more than about 6 watts are 

 

required. It is to be noted that the output of an audio-frequency 

 

oscillator is somewhat smaller than when only one component 
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current is flowing. It is not necessary always to use a load re-
sistance across the output branch as indicated in Figure 13. Any 

 

amplifier circuit arrangement will be satisfactory. 

 

I 

 

ourvur 

 

FIGURE 13—:audio-frequency Oscillator Which is Sel`-starting 

 

MISCELLANEOUS APPLICATIONS 

 

By using the method herein described, it is possible to 

 

grind a plate to any suitable frequency. It is, therefore, possible 

 

to design the equivalent of a second pendulum or any other 

 

timing device. The disadvantages described in connection with 

 

the first method for producing audio-frequency currents can be 

 

used to advantage for making a radio or audio-frequency gen-
erator whose frequency can be varied somewhat without regrind-

ing the piezoelectric plates. 

 

A change of a few cycles and less in a plate for radio frequency 

 

currents is due to a change in dimension which can not be noted 

 

with a micrometer. It can, therefore, be used for measuring very 

 

small variations in the thickness of piezoelectric materials. 

 

Using a sphere of quartz the optical axis can be roughly de-

termined electrically (no direct electrical effect along it) as well 

 

as the main piezoelectric axis by placing the sphere between two 

 

cup-shaped electrodes and noting the strength of any resonator 

 

effects when placed along different diameters of the sphere. 

 

Working backwards, using the electrical data (frgeuency), 

 

and the dimensions, it gives a means for finding certain mechani-

cal properties of the substance such as its elasticity from the 

 

velocity and the density. 

 

Using a vibrating piezoelectric plate in front of a fine slot or 

 

another vibrating plate, a shutter can be designed which opens 

 

and closes at a very high rate. This may open up a new field in 

 

experimental optics for direct and reflected light rays, and give a 

 

means of determining the velocity of light. 
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CONCLUSIONS 

 

(1) Experiments with quartz plates have shown that they can 

 

be used in an electron tube circuit for producing radio-frequency 

 

currents of fixed frequencies bearing a definite relation to the 

 

dimensions of the plate. 

 

(2) The piezo oscillator can be used together with an auxiliary 

 

generator for standardizing a frequency meter. 

 

(3) A single piezoelectric plate can be employed as a standard 

 

for the entire range of frequencies used in radio communication. 

 

(4) By using special arrangements a small plate can be em-

ployed for producing audio-frequency currents. 

 

(5) Methods are given for grinding a plate accurately to a 

 

given frequency. 

 

(6) Formulas are given for designing plates to a desired fre-
quency to a fair degree of accuracy. 

 

(7) Other miscellaneous applications are described. 

 





SAFEGUARDS FOR THE RADIO INVENTOR* 

 

BY 

 

EVERETT N. CURTIS 

 

(D/EMBER OF NEW YORK BAR AND LECTURER ON PATENT LAW AT COLUMBIA 

 

UNIVERSITY) 

 

My topic assigned for this evening concerns the safeguarding 

 

of the inventor who, ignorant of patent law, may neglect the 

 

taking of those steps or precautions which he may at some time 

 

find of infinite value in the preservation of his rights. The inex-
perienced inventor as a rule is the victim of his own imagination 

 

or his own unfounded suspicions, in that he is usually watching 

 

for some patent pirate just around the corner whom he fancies 

 

is looking for the opportunity of swooping down upon him and of 

 

taking away the coveted prize. He is, therefore, fearful of dis-
closing his invention to anybody. He is suspicious even of his 

 

friends. It may be in rare instances his friends are such as to 

 

warrant such suspicions, but more often the inventor's secretive-
ness results in his neglecting to preserve proper evidence of his 

 

date of conception and his reduction to practice, so that in case 

 

of a contest as to who is the prior inventor of a certain invention, 

 

he is unable to offer good and sufficient proof of the actual facts, 

 

and loses the contest, not to a pirate but to a rival inventor with 

 

the requisite evidence. 

 

Some inventors have the idea that patenting an invention is 

 

a sort of marathon race to the Patent Office. They go to a 

 

motion picture house and see a fearsome drama, in which the 

 

inventor after undergoing and surviving many perils, finally 

 

races up the steps of the Patent Office one jump ahead of the 

 

villain and deposits his patent application just in time to save 

 

the day. In the same drama, with the same marvelous speed, 

 

unknown in practice, the Patent Office immediately examines 

 

the application and prior art, and the next day issues the patent. 

 

As most of you know, nothing could be further from the truth 

 

than this. While it is of advantage to be the first to file an appli-
cation in the Patent Office, a prior inventor if he be diligent in 
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reducing to practice and in filing his application will, neverthe-
less, prevail even though his filing date is subsequent to his 

 

rival, but not two years or more prior to the issue date of his 

 

rival's patent. Furthermore, getting a patent is not a speedy 

 

process. Ordinarily it is several months before a patent appli-
cation is reached by the examiner and several years before the 

 

patent actually goes to issue. 

 

It sometimes happens that where two or more men have been 

 

working to bring an invention to a successful issue, it is deter-
mined by them to file an application for a joint invention. The 

 

central idea may have been the creation of one of them, but the 

 

others have contributed time, effort, and mechanical skill, and 

 

it seems only just, all things considered, that the application 

 

should be filed in the names of all of them. This is often a snare 

 

and a delusion. Joint inventors are those who jointly create a 

 

single invention. If the creation of the invention is the product 

 

of a single mind, no amount of co-operation of others in reducing 

 

the same to practice can change the original individual creation 

 

into a joint invention. It is rarely that two or more persons can 

 

unite together in creating a single invention. In many cases, 

 

where so-called joint inventors are subjected to cross examina-

tion, it develops that there was but one inventor and that the 

 

others were not inventors at all and the patent is declared void 

 

for this reason. Great care should, therefore, be taken where 

 

an inventor deems himself a joint inventor. He should carefully 

 

sift the whole situation to determine whether or not after all 

 

there was really joint invention, and only after mature consider-
ation should a joint application be filed. 

 

It is of great importance to the radio inventor to keep and 

 

preserve careful records. He should have note books in which 

 

to make sketches of such inventions as may occur to him from 

 

time to time, together with notes of explanation. These should 

 

all be dated. If he thinks that any of these are of material im-

portance, he should secure the signature of witnesses, and also 

 

have made up dated drawings by a competent draftsman fully 

 

illustrating his construction. Another method is that of a draw-

ing and affidavit clearly describing the same and setting forth 

 

the fundamental features of the invention. Still another method 

 

is that of writing dated letters disclosing the invention to a 

 

relative or to a friend, particularly where the envelope bearing 

 

the postmark is preserved. It is also of importance to save if 

 

possible any models or full-sized machines together with working 

 

drawings, bills for parts, and records of actual tests. All these 
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matters go to show the date of invention, the date of disclosure 

 

and the date of reduction to practice. 

 

It is not the date of filing an application for patent which 

 

controls in a contest as to who is the first inventor. It is he who 

 

can show by a preponderance of the evidence that he first con-
ceived the invention and with due diligence reduced it to prac-
tice, that will be declared the first inventor and entitled to the 

 

patent. 

 

Thus, for example, in the well-known litigation over the 

 

Armstrong Feed-Back Patent in the Federal courts in the second 

 

circuit, Armstrong was able to prevail over all other alleged in-
ventors making claims to his invention by reason of the decisive 

 

character of his proofs establishing the fact that he was the first 

 

inventor. The inventor's mere assertion, standing alone, that 

 

he invented his device on a certain day amounts to nothing 

 

No court will ever find the date on invention to be established 

 

on the uncorroborated testimony of the inventor. It is, therefore, 

 

of the utmost importance that this evidence be secured and pre-
served as heretofore indicated or the inventor will have to bear 

 

the penalty of his neglect. So also must the inventor's reduction 

 

to practice be fully substantiated. If sufficiently early in point 

 

of time the date of the filing of the application may be relied upon 

 

as a constructive reduction to practice, but it is better, all things 

 

considered, to try out and demonstrate at the earliest possible 

 

moment under the conditions of actual commercial use the oper-
ativeness of the invention. It is evidence of the tested reduction 

 

to practice which counts most heavily with the courts, and the 

 

one which most effectively disposes of the contention of aban-
doned experiment. 

 

An inventor cannot afford to sleep upon his rights. If he 

 

has made an invention it is his duty to reduce it to practice at the 

 

earliest possible moment and to apply for a patent. The theory 

 

of reward to an inventor by the grant of patent is based upon 

 

some obligation in his behalf. A patent is a contract. In con-
sideration of the enjoyment of the exclusive right of the inven-
tion for the period of 17 years, the inventor makes a full dis-
closure to the public in order that at the end of this period the 

 

public may have thrown open to it the full knowledge of and right 

 

to make, use and sell the invention. In other words, an inventor 

 

must play fair with the government. If he makes an invention 

 

and takes no steps toward reducing it to practice or demon-
strating its practical use until a rival inventor enters the field., 

 

he may lose his right. If he stands idly by and permits others 

 

I 
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to use his invention without protest, his acts may be construed 

 

as a constructive abandonment, and his rights to a patent are 

 

forfeited. Where this right is once abandoned by the inventor, 

 

it cannot afterward be resumed at pleasure, as where gifts are 

 

thus made to the public, they become absolute. 

 

Another important matter neglected by inventors is the neces-

sity of making a full disclosure of the invention in the applica-
tion as originally filed. While the fullest opportunity of amend-
ment both of the specification and claims is permitted in eluci-

dating, amplifying and correcting the same, it is not permitted 

 

to incorporate new matter. The inventor, therefore, should not 

 

rely too much upon his attorney for this original disclosure. He 

 

should read and re-read the specification and claims as drafted 

 

by his attorney to make sure that his invention is fully and cor-

rectly set forth. It is better by far to say too much than not 

 

enough. Too much may easily be cancelled, but if the inventor 

 

says too little, he will be correspondingly limited. The claims 

 

are also important. The claims are the life of the patent. The 

 

inventor is required by law particularly to point out and dis-

tinctly claim the part, improvement or combination which he 

 

claims as his invention. Nothing is secured to the patentee 

 

unless there be in his patent a valid claim covering it. 

 

What is not claimed is by implication given to the public, 

 

so claims should be drafted to give the inventor the broadest 

 

possible protection. The broadest claim of the patent is the 

 

claim containing the fundamentals of the invention, or the in-
vention reduced to its lowest terms. The inventor should realize 

 

this and carefully examine the claims with this in mind. The 

 

drawings should be carefully checked, and enough figures should 

 

be employed fully to illustrate the invention. Mistakes are likely 

 

to creep in. Care must be taken to correct them before the 

 

patent is issued. If a drawing is defective, as for example, where 

 

an inoperative hoop-up is shown, the effect on the patent may 

 

be disastrous and may result in the patent being declared to be 

 

void for want of utility. The drawings, specification and claims 

 

are all considered together in determining the scope of a patent, 

 

and the claims are to be fairly construed so as to cover the inven-
tion if possible, and save it especially if it be a meritorious one. 

 

Claims are to be construed in the light of the specification and 

 

in view of the prior art. If the invention is primary, a broad 

 

interpretation is to be given, but if the art is close, the claims are 

 

to be narrowly construed. 

 

This brings us to the consideration of the nature of patent 
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rights. For an alleged invention to be patentable, it must be 

 

new, it must have utility, and it must involve the exercise of the 

 

inventive faculty. What the inventor gets by his patent is a 

 

negative right, that is, the right to exclude others from making, 

 

using or selling his invention, without his permission. If his 

 

rights are infringed, he may obtain relief by a suit at law for 

 

damages or by a suit in equity for an injunction, profits and 

 

damages. 

 

A patent right is not a natural right. It is entirely the crea-
tion of statute. For many years of the earth's history, the in-
ventor had no reward. Patent systems taking the inventor into 

 

consideration have been of comparatively recent growth. Even 

 

under our own patent laws in the early history of our country 

 

there were but few patents granted. Practically all of our great 

 

advance in invention has been accomplished within the last 

 

fifty years, and is due largely to the encouragement given to the 

 

inventor by patent laws the world over. In most foreign coun-
tries, the obligation is imposed upon the patentee of working the 

 

invention under penalty of forfeiture of the patent. Such obli-
gation has never been imposed by the laws of this country, and 

 

this may be one of the reasons why invention here is so prolific 

 

and why so many applications for patents are filed in the U.S. 

 

Patent Office. 

 

The question of novelty plays a considerable part in deter-
mining the scope of a patent, and accordingly the prior art must 

 

always be considered in drafting a patent application. It is use-
less to attempt to cover in a patent that which ig old and well 

 

known to the art. An inventor is presumed to know or hold to 

 

the knowledge of what has gone before, and his claims are limited 

 

or avoided accordingly. It is well, therefore, for an inventor to 

 

educate himself in the particular art to which his invention 

 

belongs. This he may do by reading the literature accessible 

 

to him, and by having searches made of the files of the Patent 

 

Office at Washington. 

 

The two-year statutory periods are important to the inventor. 

 

The patent statute provides that a prior printed publication or 

 

patent published in this or in any foreign country more than two 

 

years prior to the filing of the ,inventor's application here, or a 

 

public use or sale of the invention in this country more than two 

 

years prior to such date, shall operate as a bar to the issuance 

 

of the patent. This language not only applies to publications 

 

and uses of other persons than the inventor but also to the in-
ventor himself. Care should accordingly be taken by the inven-

i1 
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for not to permit these two-year periods to run against him, 

 

either by rushing into print or by permitting a public use of his 

 

invention and then neglecting to file his application within the 

 

time. Furthermore, the inventor, if he contemplates filing appli-
cations abroad, must be careful not to publicly publish or use 

 

the invention here in advance of the making of such applications 

 

or he may lose valuable rights or perhaps all rights relating 

 

thereto. 

 

Some inventors have thought that by concealing their in-

ventions, as in the case of a secret process, to delay over a con-
siderable number of years the filing of an application for a patent 

 

until it was determined that secrecy could not longer be main-
tained. The danger of this is that courts have held in a number 

 

of cases that such conduct on the part of the inventor constituted 

 

abandonment and forfeiture of the right to obtain a patent. 

 

In the absence of a special agreement, inventions made by 

 

an employee belong to him personally. But where he is em-

ployed in a certain line of work to invent, his inventions belong 

 

to his employer. That is, while the mere fact he is employed by 

 

another person does not preclude him from making improve-
ments in machines with which he is connected and making appli-
cation for patents therefor as his own personal property, yet if 

 

he be employed to make such improvements the right to such 

 

patent belongs to his employer, since he is merely doing what he 

 

was employed to do. Even if he be not employed to invent, if 

 

he uses the property of his employer, and the services of other 

 

employees to develop and put into practical form his invention, 

 

and permits his employer to use the invention without protest, 

 

a shop right or license may result to the employer. Contracts 

 

with employers are usually drawn by the employer, and are con-

strued most favorably to the employee. A contract requiring 

 

an inventor to turn over all the inventions he may make without 

 

limitation to his employer is void as in restraint of trade and 

 

against public policy. Such agreements must be limited to the 

 

line of endeavor in which the employee is engaged or by the scope 

 

of the employer's business, and if it be desired that the employee 

 

should turn over such inventions or applications therefor to the 

 

employer, words of assignment or the equivalent should be un-

equivocally set forth. Otherwise, on a suit for specific perform-

ance, the court might decline to act because of uncertainty. 

 

At the present time, there are coming before the Courts 

 

many questions of contributory infringement with respect to the 

 

selling parts which may be used in a patented receiving or send-
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ins met. If any individual sells an entire set which is an infringe-
ment of the met, there is no trouble in fixing the responsibility, 

 

Nut where one person amsembles parts for such met furnished by 

 

otherv_ it is a matter of considerable diffictilty to show the neces-
mary concert of action the law requires in thin connection. If the 

 

part supplied is incapable of any use except an infringing one, 

 

intention to infringe is presumed, but where such part may be 

 

otherwise used, positive prcx►f must be adduced to show such 

 

intention. In other words, in contributory infringement, inten-
tion to infringe is an irripc►rtant element and must ordinarily 

 

be shown by affirmative evidence, such as declarations by the 

 

person supplying the part that the same is to be incorporated 

 

in the infringing set. Merely selling the set unassembled, how-
ever, is not sufficient to avoid the charge of infringement, as is 

 

mhown in a recent case decided by the U. S. District Court of the 

 

Southern District of New Fork, where the court said that "it is 

 

an infringement to divide the patented machine into parts ready 

 

for a ,,wmhlage even though the party who is to use them must 

 

put them together." In an old Federal case, it was early decided 

 

that if an infringing machine is made as an experiment merely, 

 

it does not infringe former patents. To constitute infringement, 

 

the making must be with an intention to use for profit, not for 

 

the mere purpose of a philomophical experiment. ('an it be said 

 

in the individual case where a person purchwses parts from 

 

various dealers to form part of an experimental set used at home 

 

that such dealers are contributory infringers, even if they knew 

 

of such experimental use) If an experimental use is not an in-
fringernent. how can a contributor to such use he an infringer? 

 

If every huilder of a home met, is an experimenter, and dealers 

 

who eontrihute parts are not to be held guilty of infringement, will 

 

not the door be opened considerably and the field of the patentee 

 

eorre«pcn►►lingly restricted? 'These and other questions are com-
ing loo-foro the eourta and upon their proper solutions depends the 
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for not to permit these two-year periods to run against him, 

 

either by rushing into print or by permitting a public use of his 

 

invention and then neglecting to file his application within the 

 

time. Furthermore, the inventor, if he contemplates filing appli-
cations abroad, must be careful not to publicly publish or use 

 

the invention here in advance of the making of such applications 

 

or he may lose valuable rights or perhaps all rights relating 

 

thereto. 

 

Some inventors have thought that by concealing their in-
ventions, as in the case of a secret process, to delay over a con-
siderable number of years the filing of an application for a patent 

 

until it was determined that secrecy could not longer be main-
tained. The danger of this is that courts have held in a number 

 

of cases that such conduct on the part of the inventor constituted 

 

abandonment and forfeiture of the right to obtain a patent. 

 

In the absence of a special agreement, inventions made by 

 

an employee belong to him personally. But where he is em-
ployed in a certain line of work to invent, his inventions belong 

 

to his employer. That is, while the mere fact he is employed by 

 

another person does not preclude him from making improve-
ments in machines with which he is connected and making appli-
cation for patents therefor as his own personal property, yet if 

 

he be employed to make such improvements the right to such 

 

patent belongs to his employer, since he is merely doing what he 

 

was employed to do. Even if he be not employed to invent, if 

 

he uses the property of his employer, and the services of other 

 

employees to develop and put into practical form his invention, 

 

and permits his employer to use the invention without protest, 

 

a shop right or license may result to the employer. Contracts 

 

with employers are usually drawn by the employer, and are con-
strued most favorably to the employee. A contract requiring 

 

an inventor to turn over all the inventions he may make without 

 

limitation to his employer is void as in restraint of trade and 

 

against public policy. Such agreements must be limited to the 

 

line of endeavor in which the employee is engaged or by the scope 

 

of the employer's business, and if it be desired that the employee 

 

should turn over such inventions or applications therefor to the 

 

employer, words of assignment or the equivalent should be un-

equivocally set forth. Otherwise, on a suit for specific perform-
ance, the court might decline to act because of uncertainty. 

 

At the present time, there are coming before the Courts 

 

many questions of contributory infringement with respect to the 

 

selling parts which may be used in a patented receiving or send-
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ing set. If any individual sells an entire set which is an infringe-
ment of the set, there is no trouble in fixing the responsibility, 

 

but where one person assembles parts for such set furnished by 

 

others, it is a matter of considerable difficulty to show the neces-

sary concert of action the law requires in this connection. If the 

 

part supplied is incapable of any use except an infringing one, 

 

intention to infringe is presumed, but where such part may be 

 

otherwise used, positive proof must be adduced to show such 

 

intention. In other words, in contributory infringement, inten-

tion to infringe is an important element and must ordinarily 

 

be shown by affirmative evidence, such as declarations by the 

 

person supplying the part that the same is to be incorporated 

 

in the infringing set. Merely selling the set unassembled, how-

ever, is not sufficient to avoid the charge of infringement, as is 

 

shown in a recent case decided by the U. S. District Court of the 

 

Southern District of New York, where the court said that "it is 

 

an infringement to divide the patented machine into parts ready 

 

for assemblage even though the party who is to use them must 

 

put them together." In an old Federal case, it was early decided 

 

that if an infringing machine is made as an experiment merely, 

 

it does not infringe former patents. To constitute infringement, 

 

the making must be with an intention to use for profit, not for 

 

the mere purpose of a philosophical experiment. Can it be said 

 

in the individual case where a person purchases parts from 

 

various dealers to form part of an experimental set used at home 

 

that such dealers are contributory infringers, even if they knew 

 

of such experimental use? If an experimental use is not an in-

fringement, how can a contributor to such use be an infringer? 

 

If every builder of a home set is an experimenter, and dealers 

 

who contribute parts are not to be held guilty of infringement, will 

 

not the door be opened considerably and the field of the patentee 

 

correspondingly restricted? These and other questions are com-
ing before the courts and upon their proper solutions depends the 

 

future of the radio industry so far as concerns dealers and users. 

 

Such are the chief dangers against which the inventor should 

 

guard himself. They are dangers which in the main can be met 

 

or largely alleviated by a little care on the part of the inventor, 

 

who should remember that although inspiration may come from 

 

on high, a little attention to the humble position of one's feet 

 

on the earth is also bound to yield beneficial results. 

 

SUMMARY: Precautions for the radio inventor who is not associated with 

 

an organization which includes a patent department, with explanation why 

 

such precautions are necessary. 
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"KDKA" 

 

By 

 

D. G. LITTLE AND R. L. DAVIS 

 

RADIO ENGINEERING DEPARTMENT, WESTINGHOUSE ELECTRIC 

 

AND MANUFACTURING COMPANY 

 

INTRODUCTION 

 

KDKA, up to March 1, 1925, has been described in previous 

 

papers before the Institute. It is the purpose of this paper to 

 

bring the history' up to date by describing the equipment now in 

 

use, both for regular broadcasting and for short-wave inter-
national broadcasting and relay work. The short-wave trans-
mitter, employed for interworks telegraph service, will also be 

 

described. 

 

GENERAL 

 

The rapid development of broadcasting, both long and short 

 

wave, indicated that the space available at the East Pittsburgh 

 

Works .would soon become inadequate for further expansion. 

 

A place was, therefore, selected about .two miles from the old 

 

location, on high and relatively level ground, free of buildings 

 

and structure's that might influence radio transmission, and a 

 

building laid out that would house ,the proposed equipment for 

 

all transmission activities. The antennas and buildings cover 

 

a space approximately 300 x 500 feet. Figure 1 shows the station 

 

building and the antennas. The station building is located in 

 

the center of this plot and is a basement and one story brick 

 

structure 25 x 65 feet, with a wing on the front 20 x 30 feet. The 

 

offices, storerooms, shop, and audio frequency control room are 

 

located in the wing; while the radio equipment is placed in the 

 

main part of the building, the long wave at the South end, and 

 

the short wave at the North end. The power apparatus, such 

 

as motor-generator sets for filament heating, transformers, filters, 

 

control apparatus, and storage batteries, are placed in the base-
ment, leaving the main floor for the rectifier, modulator, and 

 

oscillator vacuum tube frames. 
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Power for the station is obtained through underground cables 

 

from two separate substations of the Duquesne Light Company. 

 

A substation in the basement of the building transforms this 

 

power of 4,000 volts, three phase, 60 cycle, into 220 volts, three 

 

phase, which is then distributed to the radio equipment. 

 

The short wave or 64-meter transmission work was moved 

 

to the new building during the summer of 1924, and has been 

 

in use since that time. 

 

Careful tests were made at the new location before the 309-
meter apparatus described in this paper was put in regular oper-

FIGURE 1— General View of "KDKA" Station 

 

ation. On the night of March 19, 1923, alternate numbers of 

 

the program were run from the old station at East Pittsburgh, 

 

and from the new station. The program selections were num-

bered and reports requested from Westinghouse representatives 

 

in all parts of the United States. The same power was put into 

 

the oscillators at the two stations, thus checking both the loca-

tions and the antenna systems. The results of this test indicated 

 

that the new location was considerably better than the old. The 

 

majority of nearly 100 observers reported an increase in the signal 

 

strength received, particularly at distances beyond 300 miles; 

 

and as the new antennas had an effective height somewhat less 
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than the old, the new location on high, level ground is a con-
siderable improvement over the old location in the valley at 

 

East Pittsburgh. 

 

Figure 2 shows in schematic form the layout of circuits. 
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No. 2 TRANSMITTER 

 

The equipment employed for regular broadcasting at 970 kc., 

 

309.1 meters, is known as No. 2 Transmitter, and is here described. 

 

Antenna. The 970 kc. antenna system differs somewhat 

 

from the conventional flat-top type. This antenna has been 
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shown in Figure 1. Four spruce poles, 80 feet in height, support 

 

five cages, each 100 feet long. The vertical conductor is a 11/2-in. 

 

diameter copper tube rigidly supported on porcelain pillar insu-

lators by the pole nearest the station building. Three cages are 

 

connected to the top of the vertical lead and extend horizontally, 

 

with angles of 60 degrees between them, to the remaining three 

 

poles, which in turn are connected by two cages. Each cage is 

 

made up of eight No. 10 copper wires on micarta ring spacer 

 

6 inches in diameter. This makes an antenna with flat top of 

 

low copper loss. The high potential points are near the middle 

 

of the two outer cages, 90 that insulator loss is also minimized. 

 

The small loading coil seen in Figure 3, and ammeter, are con-
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FIGURE 3—Antenna Loading Coil and Ammeter 

 

netted in series to the lower end of the vertical lead, and the 

 

current then flows into the counterpoise, which consists of seven 

 

cages, spreading in fan shape from the main pole. Each counter-

poise cage is made up of four No. 10 copper wires on 3-inch 

 

diameter micarta spacers. The copper tube coupling lead to the 

 

transmitter is connected just below the ammeter. 

 

The natural period of this antenna structure is 281 meters. 
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The total resistance measured at 970 kc. is 10.8 ohms and the 

 

effective height approximately 20 meters. The resistance curve 

 

is given in Figure 6. 

 

Apparatus—Oscilldfor. There are two oscillator frames, one 

 

employed as a spare part. The oscillator frames each provide 

 

mounting for eight WO-41 (see Figure 5), 10-kw. water-cooled 
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FIGURE 4-970 Kc. Antenna, Resistance Characteristic 

 

tubes in two groups of four tubes. Figure 6 shows the mechanical 

 

details. The four tubes are' clampecT to a common plate support 

 

and treated as a unit. All oscillator and modulator tubes are 

 

furnished with filament power from the motor generator sets, 

 

shown in Figure 7. A filament voltmeter and plate ammeter 

 

are mounted on the front of the frame. The primary oscillating 

 

circuit is arranged in the rear of the tubes and consists of a 500 

 

µµf. air condenser and a 52 micro-henry inductance mounted 

 

above. Fine adjustment of frequency is obtained with a single 

 

turn variometer, mounted at the end of the primary circuit in-
ductance. This is adjusted approximately by means of the fre-
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quency standard wavemeter, shown mounted on the wall in 

 

Figure 6, and exactly to zero beat with a small oscillator provided 

 

with a quartz crystal ground to 970 kc. This arrangement en-
ables frequency adjustments of a precision unobtainable in any 

 

FIGURE 5—WO-41, 10 Kw. Transmitting Tube 

 

other way. Under normal conditions, KDKA should be within 

 

100 cycles of the frequency assigned to it. 

 

Figure 8 shows the connection diagram of the oscillator and 

 

modulator circuits as employed at KDKA. The modulation 

 

choke is not shown in this diagram, as it is treated as a group 

 

with the filter system and appears on that diagram. For clear-

ness, only one oscillator and two modulator tubes are shown 
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However, during actual normal operation, to which most of the 

 

following data applies, four type WO-41 tubes are used as oscil-
lators and nine as modulators. 

 

Plate and grid couplings to the primary oscillating circuit are 

 

of a conventional type, which is familiar to radio men. 

 

Antenna coupling to the primary circuit is effected through a 

 

single lead, having a choke coil in series with it, and connected, 

 

between the two circuits, at almost any convenient point, other 

 

FIGURE 6-970 Kc. Oscillator Frame 

 

than the ground. This coupling method is subject to easy adjust-
ment, and the small coupling lead, since it carries only a small 

 

current, can be carried distances which would be prohibitive for 

 

the main antenna leads. 

 

The choke also acts to suppress harmonics, as its impedance 

 

is proportionally greater for the high frequencies. No ground is 

 

used on the antenna itself, as it is thought best to permit it to 

 

oscillate freely about its own electrical center rather than attempt 

 

to constrain it by an actual ground, location of which is incon-
venient and subject to slight changes. 

 

The use of water-cooled tubes permits a simple means to be 

 

employed for determining the efficiency and losses of the tubes 
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and connected circuits. By measuring water flow and tempera-
ture rise to determine the energy given off tinder different condi-
tions, and considering this in connection with plate input, grid 

 

leak losses and heating of the plates, due to filament alone, val-
uable data may be obtained. In this manner, the primary circuit 

 

losses and antenna input can be evaluated quite accurately. 

 

The measurements made by this method for antenna and 

 

primary circuit resistance check measured values to a close 

 

degree. For example, the antenna resistance measured in a 

 

FIGURE 7—Filament :Motor-Generator Sets 

 

more conventional manner was 10.8 ohms, and by the heat loss 

 

method was 10.73 ohms. 

 

The net oscillator efficiency, considering the direct current 

 

input and output to the antenna, obtained from the heat loss 

 

method was found to be constant at 67 percent over a wide range. 

 

This is as it should be if good modulation is to be obtained, as 

 

the whole condition for modulation is based on proportional 

 

antenna current and plate volts, which, of course, means constant 

 

efficiency. 

 

Gross plate efficiency for the oscillator units is 70 percent, 

 

which, with the losses of the grid leak of 200 watts and primary 
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circuit I''-R loss, brings the net efficiency of the oscillator to Gi 

 

percent, as stated before. Direct measurement and heat loss 

 

means, both give a primary circuit resistance of 0.3 ohms. 
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Another check, showing that the efficiency of the oscillator is 

 

constant over a wide range, is obtained from the antenna current 

 

plate voltage curve, as shown in Figure 9. This is a straight line 
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over the entire distance, 2,500 to 15,000 volts, at which modu-
lation takes place. 

 

Modulator. Figure 10 gives a general view of the apparatus 

 

room with No. 2 set modulator at the extreme left. 

 

The modulators used at KDKA for both 970 and 4,800-kc. 

 

units are duplicates, and while not arranged with transfer 

 

switches, can, in case of emergency, be cross-connected with 

 

jumpers to be used on either set. 

 

The modulator units are designed to provide suitable modu-

FIGURE 10—General View of Apparatus Room 

 

lation for oscillators producing 40 kw. of radio frequency power 

 

input to the antenna. 

 

Each modulator frame provides mounting for 12, type WO-41 

 

tubes, arranged in pairs, the two tubes of each pair are supported 

 

on the same tube support plate, with their anodes electrically in 

 

parallel. A high-voltage disconnect. switch that can be opened 

 

under load is provided for each pair, so that groups of tubes can 

 

be cut in or out, as desired. Each modulator tube grid lead is 

 

provided with a damping resistance, to prevent parasitic oscilla-
tions among the tubes. Under normal conditions, this grid lead 

 

resistance has no effect, as the modulator is not worked to where 

 

grid current is produced. 
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Bias or "C" battery voltage for the modulator tubes is 

 

provided by dry cell "B" batteries, housed in a box at the 

 

end of the frame. At the side of this box is an oil-insulated 

 

step-up transformer that supplies proper audio grid voltages 

 

for modulation. A milliammeter is provided in the main 

 

grid lead for indicating grid currents. It is used only as a 

 

check on test numbers, together with the modulation meter 

 

to determine the limits for modulation. A multi-point switch 

 

for adjusting bias voltages and a voltmeter for checking are 

 

also provided. 

 

To insure a substantially uniform load for the modulator 

 

grid transformer, a resistance is connected across its high-
voltage side. Without this, the load on the transformer would 

 

vary from approximately zero at low frequencies to an appreciable 

 

capacity reactance at the higher ones, thereby altering the effec-
tive transformer ratio, which is undesirable. 

 

Normal operation at usual power adjustment employs nine, 

 

type WO-41 tubes operating in parallel. Characteristic curves 

 

of the modulator as a unit is shown in Figure 11. These are dif-
ferent from the ordinary grid voltage-plate voltage curves fre-

quently used, but are plotted from the same data, and for this 

 

purpose are more convenient, as the curves. are straight lines, 

 

which make interpolation easier. 

 

Figure 12 shows the modulation characteristics of oscillator 

 

plate volts versus grid volts applied to the modulator. It is 

 

based on the assumption that constant current is being supplied 

 

to the oscillator and modulator together at all times, as is the 

 

case when a modulation choke of infinite inductance is connected 

 

in the common high-voltage supply lead. This curve is seen to 

 

be very nearly a straight line, and as such, indicates that the 

 

plate voltage variations impressed on the oscillator tubes are 

 

practically proportional to the voltage applied to the modulator 

 

grid. This is the condition necessary for the modulator to func-
tion with the minimum of distortion, and when considered in 

 

connection with the oscillator plate volts-antenna current curve, 

 

shows that the antenna current modulation will likewise be pro-
portional to the applied modulator grid voltages, and reproduce 

 

its variation to a close degree. 

 

Under normal conditions, the plate voltage is 9,000 and the 

 

bias 540 volts. Within the grid voltage limits of zero and twice 

 

540 or 1,080, which must be observed if -the station audio ampli-
fier output is not to be distorted by the load of modulator grid 

 

currents, a variation of plate voltage from 2,500 to 15,000, giving 
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a modulation difference of 13,000 is obtainable. This variation 

 

corresponds  
137000- 

, or approximately 70 percent modulation. 
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FIGURE 11 Modulator Characteristics, Static Curves 

 

Oscillograms .taken of rectifier antenna current bear out these 

 

deductions. 
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The amount of distortion over this range is of the order of 

 

3 percent. This amount is ascertained by noting the de1►arture 

 

of the curve from a straight line drawn as shown in Figure 12, 
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FIGURE 12—Modulator Characteristics,-Operating Curve 

 

and in this case, is found to be 400, or 3 percent of 13,000. Also, 

 

by plotting the differences, a double frequency curve is obtained, 
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which shows that the distortion is mostly a second harmonic. 

 

Because of its nature and small amount, distortion produced by 

 

the modulator, as adjusted, is entirely too small to be detected 

 

in any way, except by analytical measurements. 

 

Another characteristic of the modulator that is quite im-

portant, is that of relative modulation plate voltage, available 

 

at the oscillator at different frequencies. When calculating 

 

the plate voltage-grid voltage modulation characteristic, it was 

 

assumed that there was no leakage in the modulation choke. 

 

Actually, this is not the case, particularly at low frequencies. 

 

For example, at 100 cycles, the reactance of a 10-henry choke 

 

is approximately 6,300 ohms. With the oscillator tubes to take 

 

three amperes at 9,000 volts, their average impedance is 3,000 

 

ohms. This would look as if a considerable portion of modulation 

 

would be lost, as the modulation choke is practically in parallel 

 

to the ground across the oscillator tubes. However, the condi-
tions are not nearly so bad as might seem at first thought, as the 

 

choke leakage is mainly at 90 degrees to the current passed into 

 

the oscillator, and the relatively low impedance of the modulator 

 

unit does not cause much voltage variation to take place, as the 

 

external impedance changes. 

 

Considering the function of oscillator, modulation choke, and 

 

modulator units reveal that the audio voltage produced in the 

 

modulator acting as alternating current generator is impressed 

 

across an external impedance made up of the oscillator and modu-
lation choke in parallel, as stated above. Therefore, the solution 

 

of elementary circuits, such as shown in Figure 13, will give the 

 

relative voltages available at the oscillator for different fre-
quencies. The curves shown are those obtained using modulator 

 

impedance of 400 ohms, together with an oscillator impedance 

 

of 3,000 ohms, which, as before stated, are in normal conditions 

 

of operation. It will be noted that all curves tend to reach a 

 

maximum value of 88.2 percent at the higher frequencies. This 

 

is the limiting proportion of the voltage generated in the modu-
lator by action of the grid potentials and amplification constants 

 

of the tubes that is available on the oscillator when the respec-
tive impedances are those stated. At low frequencies, when the 

 

choke reactance becomes comparatively low, thereby reducing 

 

the load impedance into which the modulator works, the relative 

 

available voltage falls below the maximum of 88.2 percent, in a 

 

manner shown by . the curves. At KDKA, a 10-henry choke 

 

is used, and as seen from the curves, gives even at 25 cycles, 

 

about 84 percent volts available on the oscillator, which is rela-

,1 
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tively 95 percent of the inaxiinuin available. 'Therefore, as far 

 

as the modulating system is concerned, the output is nearly con-
stant over the full range of musical frequencies. Lack of choke, 

 

while not important, as far as speech and general phone trans-
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mission is concerned, is not very noticeable, but to bring through 

 

the low notes that give the characteristic richness to pipe organ 

 

music, heavy choke is necessary, and special attention was given 

 

to this matter in constructing the apparatus for KDKA. 

 

In calculating the modulation characteristics, one could not 

 

fail to be impressed by the way that low modulator impedance 
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is effective in eliminating distortion. In many cases, we are 

 

accustomed to think in terms of maximum output and balance 

 

of impedances, whereas, for good quality and minimum distor-

tion, the main requirement is to have the modulator impedance 

 

low compared to its load. The latter is the general condition 

 

under which all ordinary power apparatus is normally operated. 

 

There is a striking parallel in this case to that of the early direct-
current generator. It was at first thought that maximum out-

put was important, and when loaded for this condition with 

 

external load resistance equal to the machine resistance, voltage 

 

regulation was found to be, 50 percent and the efficiency; cor-

respondingly bad. Further' consideration showed, however,,that 

 

good efficiency and voltage, regulation was obtainable by oper-
ating where the external load resistance was high compared to 

 

that of the machine, and modern machines are built to operate 

 

in this manner, although'�the output is much less than the maxi-
mum theoretically possible.. Considering the modulator unit, 

 

the distortion was roughly• compariible to the voltage regulation 

 

on the generator, and while actual power output efficiency is not 

 

important, the relative voltage output of the oscillator is; 

 

therefore, it is highly desirable to keep the modulator 

 

impedance low, in comparison' to the load with which it is to 

 

work. Also, the curvature, plate voltage, modulator-grid char-
acteristic is produced by the change in average modulator im-
pedance at different grid voltage amplitudes, and if the total 

 

impedance of the circuit is designed to be comprised mostly by 

 

the oscillators, which have substantially a constant impedance, 

 

the characteristic will be practically a straight line, with slight 

 

variations of modulator impedance having little effect. The 

 

same consideration applies equally to amplifiers, as a modulator 

 

as only a large power amplifier and in the audio equipment, as 

 

will be seen later, tubes in parallel are used to reduce the internal 

 

impedance, and not because large power output is required. 

 

AUDIO FREQUENCY APPARMTVS 

 

Telephone lines from the various planes-6f, pick-up- come to 

 

the telephone exchange works at East Pittsburgh, at which point 

 

the audio control is installed. Four lines connect this point with 

 

the station, a distance of approximately three miles. These lines 

 

terminate on the switchboard in the control room. Three com-
plete station amplifiers are installed (shown in Figure 14). Any 

 

one of these may be connected with either broadcasting trans-
mitter. The upper amplifiers (Nos. 1 and 2), have one 5-watt 
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balanced or push-ball stage and one 50-watt balance(] stage. 

 

(See Figure 15 for diagram.) No. 3 is a single-side design, having 

 

two 5-watt tubes in parallel for the first stage and two 50-watt 

 

tubes in parallel for the second stage. This unit is impedance 

 

coupled, while the balanced 'units are transformer coupled. 

 

Characteristic curve of amplification, versus frequency, is given 

 

FIGURE 14—Audio Frequency Amplifier 

 

in Figure 16. It will be seen that the amplification is substan-

tially constant from 50 cycles to 1,000 cycles, after which the 

 

curve rises gradually to 6,000 cycles. The audio frequency thus 

 

amplified is stepped down to the line connecting the amplifiers 

 

and the modulator units. 

 

Control of the amount of modulation is nominally in the 
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hands of the man at the control position in the telephone ex-

change at East Pittsburgh Works. All line switching is handled 

 

from this point and potentiometers and filters are so arranged 
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that by means of a vacuum-tube voltmeter the audio input to 

 

the station is held substantially constant at the proper level and 

 

line loss compensation is effected. In cases of emergency, the 

 

modulation can be controlled by potentiometer at the station 
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which is connected between the lines and t1w slation amplifiers, 

 

as shown if) diagram, Figure 15. '111,6' station au►l►litiers are 

 

furnished with filament power from a 12-volt storage battery, 

 

mid the 5-Watt stages are fctrnished 200-volt, plate power also 

 

front a storage battery, while the 50-watt plate ettergy is ob-

tained from a single-phase rectifier at a voltage of 2,200 direct 

 

current. By means of a potentiometer urrtu►gemenl, this 2,200-
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volt direct current may also be used for the 5-watt stages, giving 

 

a net voltage of 350. Thoriated filament, 5- and 50-watt tubes 

 

are employed. 

 

Rectifier. Hot cathode rectifiers are employed for high voltage 

 

direct current supply to the radio apparatus. There are three 

 

of these rectifiers as shown in the schematic diagram, Figure 2; 
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two are of the two-phase type, using twelve type WC-61 water-

cooled tubes each, and are operated directly from the commercial 

 

220-volt 3-phase 60-cycle power service. The output rating of 

 

each rectifier is 10,000 volts 12 ampere direct current, which is 

 

conservative. The construction of the rectifier frame is similar 

 

to the modulator frames with the tubes mounted in pairs, one 

 

pair to each phase. Disconnecting switches, similar to those on 

 

the modulators, are provided, by means of which any pair of 

 

tubes can be cut out in the case of trouble, thus permitting the 

 

rectifier to continue in operation at a slightly reduced output, 

 

its overload capacity being sufficient to continue normal in this 

 

condition. 

 

The connection diagram of a rectifier and filter is shown in 

 

Figure 17. Three single-phase 220-volt to 22,000-volt trans-
formers are employed for plate supply. This arrangement gives 

 

greater flexibility as regards replacement than if a single three-

phase transformer were used. The direct-current output of the 

 

rectifier can be regulated in the 10 percent steps between 50 

 

percent and 100 percent voltage through auto-transformers con-
nected between the power service and the primary of the plate 

 

transformers. The high-voltage windings of the plate transformer 

 

are connected double star, thereby obtaining six-phase power. 

 

Neutral' point of the star forms the negative terminal of the recti-
fier. The positive lead from the rectifier is taken directly off 

 

one of the filament busbars. Filament heating energy is ob-
tained from one phase of the main supply, using a specially 

 

insulated transformer to give the proper filament voltage. The 

 

filament transformer is located in the basement and connected 

 

to the tubes through relatively long leads. The filament voltage 

 

is shown by a meter on the rectifier frame, the meter being insu-
lated by means of a 1 to 1 voltage transformer. This arrange-
ment is simple and more accurate than measuring voltage on the 

 

primary of the filament transformer or of providing a special 

 

winding on this transformer when low-voltage leads are long. 

 

No filament rheostat is used, as a power supply voltage regula-
tion is good and the adjustment is not critical. 

 

Owing to the exceedingly low resistance of the filaments 

 

when cold, which would result in the tubes drawing a heavy 

 

rush of current and possible damage if full voltage were applied 

 

when starting, a delayed action filament voltage relay is used, 

 

which acts to apply full voltage only after the tubes have be-
come well heated by a limited current. The action of this relay 

 

is similar to the acceleration relay on a direct-current motor as 
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it speeds up, because of the change in voltage across the filament 

 

as the temperature rises. 

 

To prevent voltage surges, sometimes caused by the rectifier 
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tubes, from injuring the plate transformers, asurge gap a.ndground-

ing resistor and choke are connected in each high-tension lead. 

 

It has been found possible to conserve cooling water for the 
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rectifier tubes by passing it through three or four tubes in series, 

 

since the loss per tube is relatively small and gives only a mod-
erate rise after passing through several tubes. 

 

The filter used to smooth out the ripple left in the direct 

 

current from the rectifier, consists of a 5-henry choke coil and 

 

12 µf. of condenser as shown in the diagram, Figure 17. This 

 

filter employs standard 10,000-volt. condensers in one % µf. 

 

units which operate without balance resistors and their attendant 

 

losses. Figure 18 shows the filament modulator ch6kes and 

 

contactor panel. 

 

The voltage ripple left at the output of the filter is so small 

 

that it cannot be seen on an oscillograph using a 3-inch deflec-

FiouRE is--No. 2 Transmitter, Filter Control Panel 

 

tion and is inaudible on the receivers used at the station. As a 

 

unit with the rectifier filter, and built in with it, is the modulation 

 

choke system, consisting of two 5-henry inductances which are 

 

duplicates of the filter choke. 

 

Control. All of the apparatus may be controlled by means 

 

of push button and signal lights located in the control room, 

 

which is separated from the main apparatus room by a glass 

 

partition. Figure 19 shows the control desk. At the back of the 
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desk are the control buttons, signal lights, and modulation 

 

meters for transmitters Nos. 1 and 2, and buttons and lights for 

 

No. 3 transmitter. The audio frequency board, referred to 

 

previously, is at the left of the desk and includes a potentiometer 

 

for proper adjustment of audio input voltage. The chief oper-
ator, who is stationed at the desk, thus has complete control 

 

of power and audio circuits. The second operator is stationed 

 

FIGURE 19—Control Desk 

 

in the apparatus room and makes necessary adjustments of 

 

filaments, voltages, power output, wavelength, etc. 

 

The power control is associated closely with the rectifier and 

 

operates in connection with it. The elementary diagram of the 

 

control system is shown in Figure 20. Relays are provided 

 

which give overload protection to both' alternating-current and 

 

direct current-circuits and cut off the plate power in case the 

 

safe maximum is exceeded. Water pressure relays are used on 

 

all the tube frames, which interlock with the filament control 

 

relays and main power circuits to prevent any power being ap-
plied to the tubes until the water circulation is satisfactory. 

 

Relays are also provided on the modulator and oscillator, which 

 

prevent the application of plate power until the tube filaments 

 

are up to normal voltage. The push-button control and relays 
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are so interlocked that it is impossible to start filament and high-
voltage in any way other than the proper sequence. In case the 

 

high-voltage-start button is operated, the filament will be 

 

brought up to the proper voltage and the high-voltage then 

 

applied automatically. Simultaneously, with starting the 

 

radio transmitter, the speech amplifier filament and plate sup-
ply may be connected so that the entire set can be placed in 
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operation by the pressing of one control button. Signal lights 

 

for each transmitter show when the cooling water is flowing, 

 

when the tube filaments are lighted and when the plate voltage 

 

is on. These lights are in the control room directly in front of 

 

the chief operator. Safety lock-out push buttons, which pre-
vent application of high voltage, are provided on the tube frames 

 

for the use of the operators when making adjustments or repairs 

 

to the equipment. 
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Cooling water system is of the recirculation type, but no 

 

cooling tower is used. Cooling is effected by introducing fresh 

 

water into the circulation system as required to keep the tem-

perature below the safe maximum. The supply water is very 

 

cold and only a relatively small amount is needed. The heat-

dissipating ability of the system allows the operation of the set 

 

for a period of 30 to 45 minutes, without the use of outside cool-

ing water. Two circulating pumps are provided, one of which 

 

is used as a spare part. 

 

No. 3 TRANSMITTER 

 

No. 3 transmitter is employed for interworks telegraph ser-
vice. Two WO-41 tubes are used as oscillators on either side 

 

FIGURE 21—\0. 3 Transmitter 

 

of a push-pull circuit. The tubes work self-exciting into the 

 

primary oscillating circuit from which a short transmission line 

 

carries the power of 6 to 10 kw. to the antenna. Figure 21 shows 

 

the oscillator frame. Keying is ordinarily effected by means of 

 

compensated wave with a condenser type of relay. Straight 

 

keying by blocking with a holding bias, provided by a single 

 

tube rectifier, can also be used. Plate power is at 6,000 volts 

 

from a single-phase rectifier and filter, Figure 22. 
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No. 1 TRANSMITTER 

 

The transmitting apparatus, working on a frequency of 

 

4,800 kc. (62.7 meters), is known as No. 1 set, as it was the first 

 

set installed in the building. Many changes have been made 

 

in this set since it was installed and put into operation last year. 

 

FIGURE 22—No. 3 Rectifier 

 

The present arrangement utilizes one of the six-phase, 10,000-
volt rectifiers described above. Modulation is by the constant 

 

current system. The radio-frequency apparatus is shown in 

 

Figure 23, and is of the quartz crystal controlled type. The 

 

crystal controls the frequency of a 5-watt tube and this is 

 

amplified through one 250-watt stage, one 500-watt balanced 
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stage, one 10-kw. balanced stage, and one 20-kw. balanced stage. 

 

Coupling to the antenna is by means of a short transmission 

 

line, the antenna itself being of the grid vertical conductor type. 

 

This crystal-controlled equipment may be the subject of a separ-
ate paper in the future and it is not thought advisable to say 

 

more about the radio-frequency apparatus at this time. The 

 

results obtained have been very gratifying. . Our transmissions 

 

have been relayed in England, France, Germany, South Africa 

 

FIGURE 23--No. 1 Transmitter 

 

and Australia. The use of the quartz crystal as a frequency 

 

stabilizer has gone a long way in improving the quality of trans-
mission at short wave lengths. 

 

CONCLUSION 

 

It will be seen from the above description that, with the in-
stallation of duplicate equipment and switching arrangements 

 

made for the transfer of rectifiers, filament-generators, amplifiers, 

 

etc., from one set to another, failure from any cause is guarded 

 

against and continuity of service assured.- Nothing has thus 

 

been spared in making KDKA a station that gives the best 

 

quality of broadcasting service. 

 



A RADIO FIELD-STRENGTH MEASURING SYSTEM 

 

FOR FREQUENCIES UP TO FORTY MEGACYCLES* 

 

BY 

 

H. T. FRIIS AND E.. BRUCE 

 

BELL TELEPHONE LABORATORIES, INC. 

 

INTRODUCTION 

 

There have been presented to. the Institute descriptions of 

 

radio field strength measuring equipment which cover frequencies 

 

from the lowest in present usage up to and including the broad-

cast range. t This paper will deal with a new system" of measure-

ment which. has been used successfully at a frequency as high as 

 

forty megacycles. While this frequency has been the extent 

 

of Our endeavor, it is our belief that the fundamental principles 

 

can be employed at still higher frequencies when the occasion 

 

demands. 

 

PRIOR SYSTEMS 

 

Previously, the most satisfactory method of radio signal 

 

measurement consisted of the substitution, for the received signal, 

 

of a known locally-generated e.m.f. at the loop center, identical 

 

in frequency to the signal, and of such magnitude as to produce 

 

the same receiver output as that resulting from the received 

 

signal. Under these simulated conditions, the known locally-

generated e.m.f. is equal to the voltage . induced in the loop by 

 

the signal. The field strength is. obtained by dividing this 

 

induced voltage by the effective height of the loop. 

 

The magnitude of the locally-generated e.m.f. is usually 

 

obtained by passing a known current through a known im-

pedance inserted at the loop center. It is desirable that this 

 

known impedance be a pure resistance in order to establish its 

 

independence of frequency, also its value should be kept as small 

 

*Received by the Editor, April 29, 1926. Presented at a meeting of 

 

THE INSTITUTE OF RADIO ENGINEERS, May 5, 1926. 

 

t"Note on the Measurement of Radio Signals " C. R. Englund, PRO-
CEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, February, 1923. 

 

"Radio Transmission Measurements," R. Bown, C. R. Englund, and H. T. 

 

Friis, PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, April, 1923. 

 

"Portable Receiving Sets for Measuring Field Strengths at Broadcasting 

 

Frequencies," A. G. Jensen, presented before THE INSTITUTE OF RADIO 

 

ENGINEERS, New York, April 7, 1926. 

 

$The effective height of a loop is defined as the height of an equivalent 

 

vertical wire, having the same induced voltage. 
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as is practical. The minute, known currents are obtained by 

 

attenuating measurable currents by known amounts through 

 

the use of suitable networks. It is evident that the local oscil-
lator and the attenuating network must be separately and 

 

thoroughly shielded from the loop or failure will result. 

 

DIFFICULTIES AT HIGH FREQUENCIES 

 

As the frequency is increased, the proper construction of 

 

the described system becomes more difficult. Unless great 

 

ingenuity and extreme caution are exercised, inaccuracies creep 

 

into the attenuating networks, due to reactive effects, as well 

 

as into the resistance at the loop center: The problem of shield-
ing at very high frequencies becomes considerable by reason of 

 

the low field strength values at which high-frequency communi-
cation is possible. Since the problem of the authors was to 

 

design apparatus for the measurement of signals at frequencies 

 

as high as twenty-five times the upper frequency limit of appara-
tus then available, the economic aspect eliminated existing sys-
tems from consideration. 

 

FUNDAMENTALS OF PROPOSED SYSTEM 

 

In reviewing these difficulties, the conclusion was reached 

 

that a considerable advantage would be experienced if a voltage 

 

of sufficient magnitude to be actually measurable by means of 

 

a tube voltmeter were induced into the loop from the local com-

parison oscillator. In conjunction with this, a voltage attenu-
ator would be located elsewhere in the receiver proper. Thus, 

 

instead of placing the attenuation between the comparison 

 

oscillator and the loop, with the accompanying danger of unde-
sired "pick-up," comparable in magnitude to the small induced 

 

voltage, the attenuation was placed beyond the loop in order 

 

to minimize the necessity of elaborate shielding of the oscillator. 

 

This simple expedient proved a great constructional economy. 

 

Furthermore, the search for an appropriate location for the 

 

voltage attenuator, beyond the loop, revealed the desirability 

 

of placing it on the output of the intermediate-frequency detector 

 

of a double-detection scheme, with due regard for the limits of 

 

overloading of this tube. The importance of this arrangement 

 

should be emphasized. It means that the attenuator need 

 

operate at only the fixed intermediate frequency. Since this 

 

frequency has been selected as 300 kilocycles, great accuracy 

 

is possible without elaborate attenuator design, regardless of the 

 

signal frequency. 
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As an illustration, Figure 1 will be of assistance in explaining 

 

how these principles may be employed in the measurement of 

 

some unknown voltage occurring at a high frequency. 

 

The intermediate frequency detector also serves as a tube 

 

voltmeter actuating the d.c. plate circuit meter AI shown in the 

 

,NT FREQ DET. 

 

,INT FREQ FILTER 

 

LOW FREQ. DET, 

 

FIGURE 1—Voltage Measurement Apparatus 

 

sketch. The gain control or voltage attenuator is calibrated 

 

directly in voltage ratios; thus a reading of 10,000 indicates 

 

that the input voltage to the attenuator is 10,000 times larger 

 

than the output voltage. 

 

From the modulation theory, it is known that 

 

Ej,=kEXEB (1) 

 

below the overloading limits of the intermediate frequency 

 

detector. 

 

Applying the unknown voltage EX at a frequency f, the 

 

frequency of EB is adjusted to be f=1=300 kc. The attenuator 

 

is then regulated until a convenient deflection appears on A2. 

 

Assume this attenuation to be a1. Then we can write 

 

EA = k 
EX EB

 (2) 

 

a1 

 

Suppose we substitute for EX a voltage E., identical in fre-
quency, but sufficiently large to be measurable when using the 

 

intermediate detector as a tube voltmeter (EB turned off). With 

 

EB the same as in (2), the attenuator is readjusted to a2 where 

 

A2 again reads the same as before. Under these conditions EA . 

 

must also be the same as previously. Now 

 

Equating (2) and (3) 

 

k  Eo EB 

 

EA=-
a2 

 

kEXEB_kEoEB 

 

— or 

 

u.1 u.2 

 

(3) 

 

a1 

 

EX = Eo— which is the desired equality. (4) 

 

U2 

 

a 
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We can extend these manipulative operations to the measure-
ment of a. radio signal by means of the apparatus shown in 

 

Figure 2A. These operations are tabulated below. 

 

A 

 

T-1 
• 

 

BEATING OSC. 

 

I.F. FILTER 

 

ATTENUATOR 

 

I.F AMPL 

 

LF DIET 

 

(SEE FIGA) 

 

INT. FREQ. OET. 

 

LOCAL COMPARISON OSC. 

 

B 

 

L. 

 

BEATING OSC. 

 

1.F FILTER 

 

ATT04JATOR 

 

IF AMPL 

 

LF OET. 

 

(SEE Fr_ t) 

 

11NT. FREQ DET 

 

g"-LOCAL COMPARISON OSC 

 

FIGURE 2—Field Strength Measurement Apparatus 

 

TABLE OF PROCEDURE 

 

I. The receiving set is tuned to the incoming signal. 

 

The attenuator is adjusted until a convenient output 

 

deflection is obtained. This deflection is noted. 

 

II. (1) The local comparison oscillator is started and 

 

tuned to resonance with the receiving set. 

 

(2) The attenuator is adjusted to make the output 

 

the same as in I. 

 

(3) The input V to the grid of the intermediate 

 

frequency detector is determined (beating oscillator 

 

is off during this measurement). 

 

III. (1) The grid of the intermediate frequency detector 

 

is connected through LB to the local oscillator input 

 

as shown in Figure 2B. 

 

(2) The attenuator is readjusted to make output 

 

the same as in case I. 

 

From this table we have 

 

Voltage across half of the loop due to in-
coming signal 

 

Loop voltage step-up (the ratio of half of 

 

the loop terminal voltage to the induced 

 

voltage) 

 

Voltage induced in loop by comparison 

 

oscillator 

 

Attenuation Ratio 

 

of Attenuator 

 

a, 

 

a2 

 

US 

 

= V volts 

 

as 

 

sI 

 

a2 

 

a3 

 

_ E = 
a 

volts 

 

r 

 

Voltage induced into loop by incoming signal = volts. 

 

a2 
R 

 

al 

 

It should be noted here that it is entirely unnecessary for 

 

the transmitter of the incoming signal to stop while measure-
ments are being made. 
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DETAILED DISCUSSION 

 

With this explanation of the fundamental principles under-

lying the proposed system, some refinements in the accurate 

 

measurement of the voltage step-up a of the loop may well be 

 

discussed. 

 

Figure 2A illustrates the usual arrangement for obtaining 

 

the beating oscillator input in double-detection sets and the 

 

az 

 

ratio of attenuations—(as of the previous table) should normally 

 

a3 

 

give the effective loop step-up. Unfortunately, however, such 

 

a procedure leads to a large error due to a large change in beating 

 

oscillator input to the intermediate-frequency detector, as the 

 

change is made from connections 2A to 213. Also a small error 

 

due to the voltage drop across LB is present. 

 

In Figure 2A, the loop resonance frequency differs from the 

 

beating oscillator frequency only by the value of the inter-
mediate frequency. At short waves, this proximity is usually 

 

very close in percentage. The removal of the loop circuit, 

 

Figure 213, therefore greatly affects the beating oscillator input 

 

due to the radical change in the character of the load on the 

 

beating oscillator. 

 

Figure 3A shows a balanced beating oscillator input system 

 

where the input from the beating oscillator is independent of 

 

loop tune. Changing the connections to those of Figure 313 

 

A 

 

MLANCNIG CONDENSER 

 

W FREQOET 

 

I.F. FILTER 

 

ATTENLWTOR 

 

I.F. ANPL 

 

LF BET. 

 

(SEE FIGI) 

 

BIFALAR COIL 

 

LOCAL COMPARISON 05C 

 

BEATING 05C. 

 

FIGURE 3—Balanced 

 

B 

 

INT. FREQ. DET 

 

m■ 

 

L� I 

n  

BIFALAR COIL 

 

LOCAL COMPARISCRJ OSC. 

 

1
 BEATING OSC. 

 

Beating Oscillator Input Circuit 

 

I.F FILTER 

 

ATTENUATOR 

 

LF AMPL. 

 

LF DET 

 

(SEE FIGA) 

 

gives the loop step-up fairly accurately. However, this measure-
ment is still slightly in error but is a great improvement on the 

 

method in Figure 2. This error results from the removal of Ll 

 

from the circuit Lo — L3 — Ll — CT through which the current, 

 

induced by the beating oscillator, circulates. Since the impe-
dance of LI is small compared to that of CT, the error resulting 

 

from the removal of LI is small but increases in magnitude at 

 

I 
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shorter wave-lengths. The voltage drop across La is still 

 

responsible for a small error. 

 

Figure 4 shows the methods finally adopted and Figures 5 

 

and 6 are photographs of a measurement set employing this 
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FIGURE 4—Circuit Finally Adopted of Field Strength Measurement 

 

Apparatus Employing Grid Modulation 

 

scheme. The local signal voltage impressed on the tube input 

 

in Figure 4A is very close to half the loop terminal voltage. 

 

(V ' is over 100 times E and nearly at right angles vectorally) . 
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FIGURE 5—Field Strength Measurement Apparatus Em-
ploying Grid Modulation 

 

In Figure 4B the coil Lo has been connected across points ac. 

 

No change in the beating oscillator input occurs from this 

 

change in connections, since there is no potential difference 

 

between a and c in respect to the beating oscillator. The im-
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pedance of the coil Lo is very small compared with the impedance 

 

between points a and c. Therefore the voltage impressed on 

 

the tube input by virtue of E is 2. By this method we measure 

 

the ratio 

 

V 

 

E 
= 2 R =twice the loop step-up. 

 

2 

 

This method has been carefully checked by calculation of 

 

the loop step-up from the measured frequency characteristic of 

 

the loop circuit. These checks have been very satisfactory. 
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FIGURE 6—Same as Figure 5, with Copper Shielding Boxes 

 

Removed 

 

It might be mentioned that possible errors in practice due 

 

to spurious capacities to ground do not occur because of the small 

 

impedance of the source E. Also it is not absolutely necessary 

 

that the loop circuit be accurately anti-resonant in Figure 4B 

 

since the loop impedance is large compared with that of Lo. 

 

Figure 7 illustrates the application of the method of measure-
ment in the case of plate modulation of the beating oscillator 

 

input. The introduction of the beating oscillator in the plate 

 

circuit of the intermediate frequency detector is important be-
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cause it makes possible the simplification of the input circuit. 

 

Balancing is provided so that no appreciable voltage from the 

 

beating oscillator appears between the grid and filament of the 

 

intermediate frequency detector. Under these conditions 

 

changes in the input circuit impedance do not react on the beat-

ing oscillator. Here again the use of the anti-resonant circuit 

 

in Figure 7B prevents errors due to the low impedance of the 

 

grid to filament capacity of the intermediate frequency detector 

 

at high frequencies. A measuring set has been constructed 
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FIGURE 7—Field Strength Measurement Apparatus Em-
ploying Plate Modulation—Loop Antenna 
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FRm. AMPL, 

 

AND 

 

LT OET. 

 

ATTENUATOR 

 

employing the plate modulation scheme. This is illustrated 

 

by photographic reproductions in Figures 8, 9 and 10. 

 

Since the input circuit for the plate modulation requires no 

 

balanced circuits, as does the grid modulation scheme, this sys-
tem is particularly applicable for operation in conjunction with 

 

antenna systems as shown in Figure 11. This provides a means 

 

of increasing the sensitivity of the set. It of course is necessary 

 

to know the effective height of the signal collector of measuring 

 

sets and this can be calculated quite accurately in the case of a 

 

loop. When antennas are used, their effective height can be 

 

obtained in terms of a known loop by direct comparison, using 

 

a small portable oscillator placed ten or more wave-lengths away 

 

from the antenna. 

 

This system of measurement is naturally wholly dependent 

 

on the calibration of the intermediate frequency detector as a 

 

tube voltmeter and the independence of this calibration as to 
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frequency. Direct laboratory measurement has demonstrated 

 

this independence for frequencies varying from 60 up to 2,000,000 

 

cycles per second. At higher frequencies, laboratory checks are 

 

difficult due to an absence of a suitable standard of comparison. 

 

There . does not seem to be any reason to believe that the cali-
bration does not hold up to possibly 50 megacycles. It has 
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FIGURE 8—Field Strength Measurement Apparatus Employ-
ing Plate Modulation 

 

always been found most convenient to calibrate the tube volt-
meter at 60 cycles per second. 

 

The statement has been made in connection with Figure 1 

 

that 

 

EI = k EX EB 

 

for the intermediate-frequency detector within the limits of 

 

overloading. By overloading we mean the region where k is 

 

no longer constant. Careful tests have shown that k does not 

 

change beyond the limits of tolerance as EX is varied from 2 

 

volts down to 2 x 10-5 volts, at a frequency of one megacycle, 

 

where it is still possible to construct potentiometers of sufficient 

 

accuracy. 

 

Circumstantial evidence as to the accuracy of this action at 

 

high frequencies is given by the fact that when EX and Es at 
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about 40 megacycles are made the same as Ex and EB at about 

 

one megacycle, as indicated by the intermediate frequency 

 

detector as a tube voltmeter, the factor k is identical in both 

 

cases. 

 

The gain control or attenuator is made of resistance units 
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FIGCRE 9--Apparatus Employing Plate Modulation with 

 

C'opjx r Shielding Bose: Removed 

 

idea of this construction can best be obtained by examining the 

 

photographs. 'iasiniuln attenuation is 10
-
i times. 

 

The intermediate frequency amplifier is of fairly standard 

 

construction. Its resonant frequency is 300 kilocycles and the 

 

band width has been adjusted to about 30 kilocycles. This 

 

broad band eliminates "hair line" tuning at the higher signal 

 

frequencies. 

 

In regard to the sensitivity- of the set, it should be recalled 

 

that the voltage induced into the loop by the incoming signal 

 

is given bN 

 

V 

 

"' d 

 

/L I 
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The field strength in microvolts per meter of the received signal 

 

is therefore 

 

µv VX1O8 

 

M ire 8 H 

 

I/.I 

 

where H is the effective height of the signal collector in centi-
meters. V is usually chosen as one volt for convenience. 

 

The largest ratio of 
f/2
 is determined by the total amplifica-

�� 1 

 

tion of the set and the sensitivity of the output indicator.* For 

 

the sets in the photographs, this ratio is close to 5 x 104. The 

 

FIGURE 10 - Field 

 

Strength Meagure-
m e n t Apparatus 

 

Employing P l a t e 

 

Modulation 

 

loop voltage step-up ratio a depends on the construction of the 

 

loop. Examples of this ratio are given in the following Table H. 

 

These values are for the four-turn loop and the two-turn loop 

 

shown respectively in Figures 10 and 8. Assuming that the 

 

average product of the loop step-up and effective height is about 

 

500 (see Table II), the minimum field strength measurable 

 

when using these loops is about 

 

* A Western Electric "N" Tube (215-A), Plate Curvature, Tube Volt-meter. 
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1x108  _ µV 

 

E 
502000 X 500 

4 
m 

 

TABLE II 

 

Loop 

 

Turns 

 

Diameter 

 

Frequency 

 

Step-up 
Voltage 

 

is 

 

R 

 

Hems. 

 

R z H 

 

4 

 

44.2 cm. 

 

4.9 x 106 

 

120 

 

240 

 

6.3 

 

760 

 

4 

 

44.2 cm. 

 

7.8 x 106 

 

75 

 

150 

 

10 

 

750 

 

2 

 

35 cm. 

 

8.6 x106 

 

80 

 

160 

 

3.5 

 

280 

 

2 

 

35 cm. 

 

17 x 106 60 

 

120 

 

6.8 

 

410 

 

Using an open vertical antenna, constructed of % inch copper 

 

pipe, as a signal collector, instead of a loop, the set sensitivity 

 

can be multiplied from 5 to 10 times. Table III, below, gives 
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FIGURE 11—Field Strength Measurement Apparatus Em-

ploying Plate Modulation—Open Antenna 
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examples of comparison data on various lengths of pipe, their 

 

measured effective heights, and their effectiveness as signal col-

lectors as compared with the previously mentioned loops. In 

 

most cases, these antennas make possible the measurement of 

 

fractional parts of a microvolt per meter. 

 

TABLE III 

 

Antenna 

 

Signal 

 

Strength 

 

17 r/t1 

 

Frequency 

 

Hopp 
Relative values 

 

of Antenna 

 

em• Outputs 

 

4-turn loop.  

 

455 

 

5.4 x 1()6 

 

6.9 1 

 

Rod 80 cm. long.  

 

455 

 

5.4 x 106 

 

22 4.6 

 

Rod 231 cm. long.  

 

455 

 

5.4 x 106 

 

80 5 

 

Rod 427 cm. long  

 

455 

 

5.4 x 106 

 

152 

 

7.6 

 

2-turn loop  

 

1260 

 

16.1 x 106 

 

6.5 

 

1 

 

Rod 80 cm. long  

 

1260 

 

16.1 x 106 

 

2.5 

 

5.4 

 

Rod 231 cm. long.  

 

1260 

 

16.1 x 106 

 

105 

 

4.5 

 

Rod 427 cm. long  

 

1260 

 

16.1 x 106 

 

below 1 

 

Rod 10 em. long  

 

900 

 

30 x 106 

 

below 1 

 

Rod 50 cm. long.  

 

900 

 

30 x 106 

 

2.6 

 

Rod 80 cm. long  

 

900 

 

30 x 106 

 

2.6 

 

Rod 150 cm. long  

 

900 

 

30 x 106 

 

1 

 

It is interesting to note the existence of optimum lengths of 

 

these antennas at .a given signal frequency. This is due to the 
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fact that the radiation resistance increases as the square of the 

 

effective height while the induced voltage is only proportional 

 

to it. Simple calculations show that an optimum value is ob-

tained when the radiation resistance is equal to the circuit re-
sistance. 

 

The frequency range of the set utilizing plate modulation is 

 

from 0.7 to 20 megacycles using a loop antenna. With the 

 

open vertical antenna the upper limit is raised to 43 megacycles. 

 

This large frequency range is made possible by the use of a set 

 

of interchangeable oscillator coils, loops, antennas and tuning 

 

coils. 

 

In conclusion, it may be well to enumerate the major factors 

 

which make this system of short wave measurement possible. 

 

1. The method facilitates the shielding of the local signal 

 

oscillator. 

 

2. All the required known attenuations are made at a rela-

tively low and fixed intermediate frequency. 

 

3. The comparison voltage is measured directly by means of 

 

a tube voltmeter. This method is more satisfactory than the 

 

current-impedance drop method at the very high frequencies. 

 

4. Effective balancing circuits have been devised whereby 

 

the input circuits to the intermediate frequency detector do not 

 

react upon the beating oscillator input. 

 

5. The completed system is capable of giving the absolute 

 

field strength of a received signal within 20 per cent of its true 

 

value. Comparative signal measurements can be made with an 

 

error of not more than 5 per cent. The prevalence of fading 

 

at the high frequencies make these degrees of accuracy quite 

 

ample. 

 

SUMMARY: The paper describes field strength measurement sets for 

 

frequencies as high as forty megacycles. The apparatus is a double detection 

 

receiving set which is equipped with a calibrated intermediate frequency 

 

attenuator apd a local signal comparison oscillator. The local signal is 

 

measured by means of the intermediate frequency detector which is cali-
brated as a tube voltmeter. 

 





RELATION BETWEEN THE HEIGHT OF THE KEN-
NELLY-HEAVISIDE LAYER AND HIGH FREQUENCY 

 

RADIO TRANSMISSION PHENOMENA* 

 

BY 

 

A. HOYT TAYLOR 

 

The theoretical basis of this paper has been published in the 

 

"Physical Review" for January, 1926.1 The paper referred to 

 

was in turn based upon certain experimental data 2 which have 

 

been considerably extended since the date of submitting the 

 

same for publication. 

 

The present discussion concerns itself solely with waves short 

 

enough to show the skip distance effect and one of its main in-
terests lies perhaps in the indication that it may give as to the 

 

possible lower limit of wavelength which will be useful in long-
distance communication. In reference (1), it has been shown 

 

that for the period covered by the data in reference (2) the aver-

age height of the Kennelly-Heaviside layer during the daylight 

 

hours was 150 miles reduced to the basis of the height of an 

 

equivalent reflector. It must be kept in mind, however, that the 

 

actual process is not one of reflection. At the same time, for-

tunately, methods of graphic representation of high-frequency 

 

phenomena may be employed based upon an equivalent reflec-
tion without introducing any inaccuracy, except that it is im-

pgrtant to recognize that the full treatment on the refraction 

 

basis is such that in the general case there are four rays coming 

 

down after refraction from the layer; two of them being plane 

 

polarized and two circularly polarized; and these four rays need 

 

not, indeed usually are not, coherent. For the sake of simplicity, 

 

the following discussion will be based on a single ray, taking the 

 

one which has the smallest refractive index. This means the ray 

 

which will first reach the earth after refraction (reflection from 

 

layer at equivalent height). In reference (1), for 150-mile layer, 

 

it was shown that the shortest wave it would be possible to use in 

 

long distance communication would be 14 meters. Extensive 

 

*Received by the Editor, April 29, 1926. 

 

' Hulburt and Taylor, "Physical Review," Feb., 1926. 

 

Taylor, PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, Decem-
ber, 1925. 
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experiment's have not, bro►rghl forth lilly evideuc( cold r;(dirt iug 

 

this concillsioll, but, inasuluch its the Heaviside Iayer during the 

 

oliddlc of the clay is lower tllall at other portions of the da�', and 

 

is ill fact lower in sulluucr that► it, is in winker, it, lilts been I hollght. 

 

worth while to exterrcl the investigations to the study of lralls-

missions bet wee►► I I and 20 meters, can-Wd out over long (listalice 

 

ill the middle of the day. The results of these t ransnlission 

 

studies have shown a verN- gratifying 1►greeruent with eru•lier 

 

work and have permitted sonic calculations on the heighl of 1 he 

 

layer at various fillies, which permit to a certain extent , I he fore-

casting of probable results to be obtained at, various w1lv(•II•11gths, 

 

provided those wavelengths are short enough to show skip dis-

tance effects. Practically, this ►weans waves somewhat shorter 

 

than 60 meters. The inclusion of the three other waves with 

 

different states of polarization and other refractive indices will 

 

not in any way change the character of the general results, but 

 

will merely serve somewhat to blur or obscure the otherwise 

 

sharp boundary between zones of reception and non-reception. 

 

Figure 1 shows the state of affairs when trai►slnitthig station 

 

S is able to transmit rays at all angles between the \,crtical and 

 

horizontal. The horizontal ray, which can only be t►•ansinitted 

 

if the station is elevated a considerable distance off the gro►uld 

 

(otherwise it would be absorbed) is, afterrefraction (c(liiivalc►►t 

 

refraction) from the layer, brought down at a considerable dis-

tance from the transmitter. Let the angle of the ray with the 

 

horizontal ray be 0C. The radius of the earth is designated by 

 

the latter R, and the height of the layer by h. Let oe' be the 

 

ray of the highest angle, which can be used and still return to 

 

the earth. The line R+h is drawn from the center of the earth 

 

to the point on the layer which is struck by this ray. This ray 

 

returns to the earth at an angular distance of 0' from the trans-

mitter S. This angle to N° corresponds to the skip distance, 

 

that is, D = 20 X 69.8. What actually happens is that all rays 

 

at a higher angle than oe , if the wave is short enough, are not 

 

sufficiently refracted ever to return to the earth, or, putting it oil 

 

the equivalent reflection basis, we may say that since we exceed 

 

the critical angle, thay will not be reflected. It must be kept in 

 

mind that the velocity within the layer is higher than the velocity 

 

in free space, due to the presence of electrons within the layer. 

 

The angle Q is the critical angle. It the ray strikes the layer in 

 

such a way as to exceed the critical value of a (which is, of course, 

 

a function of the frequency), the ray will not return. This is the 

 

physical meaning of the skip distance. It will be seen that for 
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a layer of uniform height, a simple relation exists between 

 

/3, B, oc', h, R and µ, the refractive index, where oc' is the value 

 

of 0c, corresponding to the critical value of P. This relation is 

 

cos (='+H) = 
R

R cos oc'=sin,8=µ. 

 

The curve of the refractive indices is shown in Figure 2, the 

 

values being calculated as previously in reference (1), using the 

 

ray with the smallest refractive index. Knowing the value of 
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FIGURE 1 

 

the refractive index for any wave, we are-in a position to com-
pute the critical value of oc , which may be used; in other words, 

 

the radiation of the highest angle which is useful in producing a 

 

return wave from the sky. Further we can compute the width 

 

of the zone of reception for any given cone of emitted rays. If, 

 

for instance, the upper limit of our cone is the critical angle, oc', 

 

and the lower limit is the small angle M, which in the limiting 
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CUM, is 0 (ray horizontal), then. will I)c two values of 1l, %Own. N' 

 

correspouds to or- 'It nd N correspotl(IS to OC . M' is greater t Ilan OC , 

 

but 0' is less than 0. The hreadth of the first zone of re4'vi►11on 

 

_4r,R , 

 

13 
360 

 

III general, if B„ is the breadth of the rl.th zone of reception, then 
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The next zone beyond n will have the breadth 

 

4;rR 

 

R
"+1 3600 (n+ 1) 

 

This is assuming that d is measured in degrees. The gap or zone 

 

of non-reception, lying between any two zones is from the ad-

vanced edge of zone n to the rear edge of zone n+ 1, which is 

 

G. = 
360 [(n+1)0

/—n d] 
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There will be no gaps when this expression is negative; that is, 

 

when n B? (n+1)0', or n> 
0_0 e', . 

 

The following illustrations will show this works out. Case 1— 

Suppose our cone of rays is limited between the horizontal ray 

 

and 10°. d then is equal to 15° 27' and 0' is equal to 8°, 20'. 

 

The application of the preceding criterion for the existence of 

 

gaps shows that a gap does occur between zone 1 and zone 2, and 

 

that the gap is nearer zone 1 than it is to zone 2. Case 2—A cone 

 

of rays limited between the horizontal and 15°. If this case is 

 

calculated we find that d equals 15°, 27', B' equals 6°, 24, and 

 

the application of the criterion for gaps shows that there are no 

 

gaps after the first skip distance; that is, there are no gaps in 

 

reception following zone 1, but if the nearness of the transmitter 

 

to the ground should so absorb the lower rays that our cone is 

 

limited between 5° and 10°, the calculation shows that 0 will 

 

equal 11', 13', 0' equals 8°, 20', and the application of the criterion 

 

indicates that the gaps do not disappear until the region of recep-
tion is beyond the second zone. The criterion will also show that 

 

there is grave danger in the neighborhood of the outer edge of 

 

zone 3, since the conditions for no gaps are barely met and a very 

 

little variation in the height of the layer will introduce a gap. 

 

A limiting case for extremely short waves is where the refractive 

 

index is equal to unity. This would give 

 

cos oc' — R+h 

 

R 

 

This, of course, can only be true if h = 0; in other words, unless 

 

the layer is extremely low down, extremely short waves cannot 

 

be used effectively over distances of more than a few miles. It 

 

is interesting to see whether these results can be expressed 

 

graphically in such a way as to approximate the actual distance 

 

of long distance transmission. 

 

Figure A depicts the pattern produced on the earth by dif-
ferent zones of reception and non-reception when there are three 

 

different conditions for a Heaviside layer height of 150 miles, 

 

and two different wave lengths, which show an initial skip 

 

distance of 500 and 1,500 miles, respectively. -The figure is 

 

drawn to scale and assumes a uniform layer. The transmitter 

 

is at W. The ray at the critical angle for the wavelength of 500-
mile skip distance is drawn as a solid line. The ray at the critical 

 

angle for the wave, which shows the 1,500-mile skip is represented 

 

by long dashes separated by a single dot. The horizontal or 
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tangent ray is represented by long dashes separated by two dots, 

 

and the ray for which oc =3°, that is, 3° above the horizontal, is 

 

represented by short dashes. 

 

Case 1-500-mile skip. The first zone of reception, if we con-

sider the transmitter capable of getting out all rays down to the 

 

horizontal, lies between 500 and 2,000 miles. The second zone 

 

of reception lies between 1,000 and 2,000 miles; the third be-

tween 1,500 and 2,500 miles, etc. It will be seen that there are 

 

no secondary skips or zones of non-reception after the first skip 

 

distance. The diagram for this ray is, therefore, not carried out 

 

beyond 2,500 miles. In the region between 1,000 and 1,500 miles, 

 

we have two kinds of rays, one family having suffered one reflec-

tion and the other family having suffered two reflections. In 

 

the region between 1,500 and 1,750 we have three kinds of rays, 

 

and again two kinds between 1,750 and 2,000. Beyond 2,000 

 

there are always three or more kinds of rays, due to the over= 

 

lapping of the zones. If we take into account a certain amount 

 

of absorption in the lower rays, which is usually inevitably the 

 

case, and cut off the 3° next to the horizontal, we find that the 

 

first zone of reception falls between 500 and 1,750 miles, but that 

 

the zones still show a good overlap, so that there is no danger 

 

of any missing region developing further out. Now consider a 

 

much shorter wavelength showing a 1,500-mile skip. We find 

 

that if we include rays at the horizontal, the first zone falls be-
tween 1,500 and 2,000 miles; the second between 3,000 and 4,000, 

 

leaving a wide gap between. The third zone falls between 4,500 

 

and 6,000, with a somewhat narrower gap between zone 2 and 3, 

 

and that after 6,000 miles no further missing regions develop. 

 

For this condition the diagram stops at 8,000 miles, it being 

 

unnecessary to carry it any further. If, however, we again limit 

 

the lower side of the ray by a ground absorption or any other 

 

artificial means, sick as the use of a suitably arranged reflector 

 

or by special means of tuning the antenna system, we find that 

 

the first zone of reception is very narrow and lies between 1,500 

 

and 1,750 miles. For the second zone it lies between 3,000 and 

 

3,500; for the third, 4,500 and 5,250; for the fourth, 6,000 and 

 

7,000; for the fifth, 7,500 and 8,750, and for the sixth between 

 

9,000 and 10,500 miles. In other words, it would be necessary 

 

for a ray to travel almost to the antipodes before the condition of 

 

alternating regions of reception and non-reception is done away 

 

with. This, of course, does not represent an actual case, because 

 

the layer could not possibly be even approximately at a uniform 

 

height over so great a distance. The discussion shows, however, 
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the general trend of affairs as they exist, and by observing the 

 

primary and secondary skips produced by such short wave 

 

radiations it has been possible to get certain checks on the gen-
eral theory. It should also be pointed out that these missing 

 

regions will occur at somewhat longer waves if the layer becomes 

 

of sufficient height. Experimental data have been collected 

 

along these lines, and there is sufficient evidence to indicate that 

 

this general conclusion agrees with the facts. 

 

It is possible to analyze the situation graphically in another 

 

way which presents, in a clearer way, the varying conditions as 

 

the height of the layer is changed. Figure 3 shows the values 
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of B corresponding to different values of oc for the different zones 

 

of reflection, and for rays varying from horizontal to 400 with 

 

the horizontal. To find the position on the surface of the earth 

 

where any one of these rays come down, it will be necessary to 

 

find the value of 9, which corresponds to any given value of 0C. 

 

Assuming that the rays coming down from the sky will be re-
flected up again at the same angle, which some of them at least 

 

will do, if they will strike a sufficiently large piece of horizontal 

 

flat ground or water, the zone where the ray comes down after 

 

two reflections from the layer is shown by the next curve zone, 

 

No. 2, and so on for succeeding zones. Figure 3 is drawn for a 

 

Heaviside layer of 100 miles, which corresponds very accurately 
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to the mid-day height over the American continent for the Spring 

 

of this year. In order to determine what angles are actually 

 

available for useful transmission, it is necessary to take account 

 

of the critical values of oc , and therefore of the variations of the 

 

same with wavelength. The curve in the upper right-hand cor-
ner of Figure 3 gives these data and from values taken from this 

 

latter curve, we can draw straight horizontal lines corresponding 

 

to different wavelengths on the main diagram. All portions 

 

above these lines indicate,'for that particular wavelength, those 

 

higher angles of radiation which are wasted as far as long-distance 

 

transmission is concerned. For instance, using a wavelength 

 

of 32.1 meters, it is possible to utilize rays of as high an angle as 

 

40°, but when using the 15 meter wavelength, all rays higher 

 

than 10.8° are useless. They may be all right for communica-
tion with other planets, but they never return to. the earth. 

 

The limiting angle on the lower side is more difficult to specify 

 

as it differs greatly with different antenna installations and the 

 

method of exciting antennas. An antenna may be so excited 

 

as to exclude rays of a certain angle which will certainly be very 

 

disadvantageous on certain wavelengths for reaching certain 

 

portions of the earth's surface. On the other hand, an antenna 

 

close to the earth is liable to have a few degrees near the hori-
zontal taken out by the earth's absorption. It is, however, cer-
tain that the shorter the wave, the nearer we can' come to using 

 

rays near the horizontal, the amount of absorption ' depending 

 

on the ratio between the height of the base of the antenna above 

 

the earth and the wavelength in such a way as to greatly favor 

 

the low angle rays for very short waves. Another interesting 

 

thing comes out of the diagram, and that is, that it indicates a 

 

distinct limit as to the shortest wave possible for any long dis-
tance work whatever. That wave for this particular diagram, 

 

with a layer 100 miles high, is 11% meters. In this connection 

 

it is interesting to note that while this laboratory has repeatedly 

 

communicated with the Radio Corporation station 6XG at Oak-
land, California, and with the Radio Corporation station 9XA 

 

at Denver, Colorado, on 11.8 meters, it has never been possible 

 

so far during the month of March to communicate on' 11 meters. 

 

It is expected, however, that this will be accomplished during 

 

May or June—or possibly even during the latter part of April; 

 

because the Heaviside layer will be somewhat lower at that time, 

 

which will so modify conditions as to make a shorter wave pos-
sible. The use of the diagram can best be understood by an 

 

actual case. For instance, for 20 meters, we see from the insert 
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curve on the right of Figure 3, that the 20 meter line falls at about 

 

19°. This gives the skip distance of 7.2 great circle degrees and 

 

the farthest zone of reception in the first zone extends to 25 great 

 

circle degrees. If now we drop the perpendicular from the inter-
section of zone 2 curve with the 20-meter line to the intersection 

 

of that perpendicular with the zone 1 curve, we see that it cuts 

 

that curve at 7°. If we are able to utilize radiation between the 

 

angle of 7° and 19° with the horizontal, we will never have any 

 

other skip regions opening up beyond the first. In other words, 

 

there will be no region of non-reception after the first skip. If, 

 

however, we drop to 12.3 meters we find that the critical value 

 

of oc for this wavelength is 5.7°. The initial skip distance is 

 

16.5 great circle degrees, and the limit of reception even for a 

 

horizontal ray is 25°. This shorter wave gives a longer skip and 

 

a much narrower zone reception. If we take the intersection of 

 

the 12.3-meter line with zone 2 curve and drop the perpendicular 

 

from there, we see that it does not intersect the zone 1 curve; 

 

there is a large gap from 25° to 32.5°, where there is certain to be 

 

no. reception. This gap has been actually experimentally dis-
covered a number of times. If we take the intersection of the 

 

zone 3 curve with the 12.3-meter line and drop the perpendicular 

 

we find that it just barely hits the zone 2 curve. Since the rays 

 

probably do not actually come quite down to horizontal, it would 

 

seem reasonable to expect a gap at 50° (great circle) from the 

 

transmitter. Beyond this, however, we would not expect gaps 

 

to occur, unless we are working into a region towards darkness 

 

where the layer is getting higher. This will be considered as a 

 

special case later. 

 

The general nature of the influence of the height of the layer 

 

on the lower wavelength limit and the distribution of the zones 

 

of reception may be seen in the succeeding Figures 4, 5, 6, and 7, 

 

which are plotted for layer heights of 150, 225, 300, and 500 miles, 

 

respectively. One hundred and fifty miles represents mid-winter, 

 

mid-day conditions or late afternoon conditions in the Spring 

 

and Fall. It may also be considered to represent morning con-
ditions at similar seasons of the year. Two hundred and twenty-
five miles represents conditions approximately as they exist at 

 

midnight: summer nights and 300 miles conditions for the 

 

middle of the night in Spring and Fall. Figure 7 for 500 

 

miles represents conditions approximately as they often exist-

during the middle of the night in mid-winter. The fol-

lowuig points are of particular interest in connection with 

 

curves shown in Figures 3 to 7, inclusive. A critical wave-
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length', below which no long-distance communication is possi-

ble, is shown to be: 

 

11.5 meters for a 100-mile layer 

 

14 meters for a 150-mile layer 

 

16.5 meters for a 225-mile layer 

 

19 meters for a 300-mile layer 

 

25 meters for a 500-mile layer 

 

If we take curve 6 as fairly representative of average night time 

 

conditions and compare it with curve 3, which actually represents 

 

conditions for mid-day in the month of March, this year, some 

 

interesting differences in the pattern on the surface of the earth 
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shorter waves is impossible. These remarks must not be inter-
preted to apply to transient or freak conditions. Some interest-
ing conclusions can also be drawn as to relative strength of sig-
nals, if they are received at all, under these two conditions. For 

 

a point 5,500 miles away, under conditions shown in Figure 3, 

 

reception is only possible after four reflections, whereas under 

 

conditions shown in Figure 5, only two reflections are necessary. 

 

There is no theoretical reason so far for leading us to believe that 

 

there is any mechanism of absorption whatever in the upper 

 

layers of the earth's atmosphere for these frequencies, or at any 
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rate if such absorption exists, it is exceedingly small. It is true, 

 

however, that a great deal of energy is lost after a reflection from 

 

the earth's surface. We would expect, therefore, that signals 

 

under conditions shown in Figure 6 would be much stronger, and 

 

this, as far as information goes, is actually the case. It is also 

 

true that many of the nocturnal transmissions on 20 meters have 

 

not been observed at points sufficiently remote from the trans-
mitter to get positive results. It follows in general, no matter 

 

what the height of the layer, that at points sufficiently remote, 

 

a good many different zones take part in the process of reception 

 

and many different rays of different life history have been brought 

 

down to the same receiver. This, of course, means an averaging 

 

out or a reduction in fading effects. This also is strictly in 
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accordance with facts. The, main advantage of the short wave 

 

is that it is able to reach the desired point with a small number 

 

of reflections. It may be argued that the longer wave has the 

 

same opportunity, since low angle rays are present, but this is 

 

not strictly true since at the lower angle the longer wave rays 

 

are taken out by ground absorption much more readily than the 

 

shorter rays. The greater height of the layer in winter nights, 

 

however, favors all wavelengths above 25 meters, which is the 

 

limiting wavelength for that layer height, because it is possible 

 

for all waves to take longer jumps under these conditions. At 
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the same time a distant point receives energy from a smaller 

 

number of zones, as can be seen from an inspection of Figure 7. 

 

Therefore, the fading is liable to be somewhat more violent. 

 

These conclusions are borne out by practice. Some interesting 

 

conclusions can be drawn as to the probable maximum and m ini-
mum heights of the layer in this portion of the world. Knowledge 

 

of skip distances and their variations w ith the time of the day 

 

and year permit these calculations to be made. Based on the 

 

longest observed skips in the 40-meter band, the maximum 

 

height of the layer last winter appeared to be 550 m iles. In con-
nection with this figure it may also be of interest to note that 

 

since signals on 27 meters have not been observed to completely
 

 

disappear during the winter m idnight hours, the layers cannot 
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have been last winter over 706 miles high. On the other hand, 

 

21 meters would repeatedly apparently disappear completely, 

 

which would lead to a calculated height of 405 miles. The aver-

age between these two extremes is 555 miles, which agrees very 

 

well with the height computed from observations in the 40-
meter band. This perhaps explains why the height of 500 

 

miles has been chosen to represent mid-winter, midnight con-
ditions. Another interesting point is that the layer would have 

 

to rise to 3,300 miles to make a 40-meter wave completely vanish 

 

and never be received on the surface of the earth. This seems 
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extremely unlikely unless perhaps over the polar regions in mid-
winter. The evidence from the Polar regions does not indicate 

 

complete disappearance, but does indicate a very high layer 

 

during the winter and a very low layer in summer. The data 

 

are too scanty to warrant calculating the height there. Some ob-

servations are also at hand taken during the months of July and 

 

August of 1925, at which time, over a period of nearly a week, 

 

signals in the 20-meter band showed an abnormally short skip 

 

distance and indicated a layer height over this brief period as 

 

low as 51 miles. The limiting wavelength for a 51-mile layer 

 

would be 7 meters, but the skip distance would have been several 

 

hundred miles and the pattern on the surface of the earth would 

 

have shown very narrow zones of reception and very wide zones 
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of non-reception. In other words, it would have been quite 

 

accidental if communication had been established under such 

 

conditions and it would be persistent only for a short time. 

 

Even a small variation in layer height would have flickered these 

 

zones back and forth so as to give extremely unstable conditions. 

 

To communicate on 8 meters would require the layer to come 

 

down to an equivalent height of 61 miles and the conditions 

 

would be the same to those just described. For 5 meters the 

 

height would have to be 41 miles, and it seems extremely un-

likely that this will occur for sufficiently long periods to make 

 

experimental work worth while. If such work is attempted, it 

 

should be done in the middle of the summer and the observers 

 

should be scattered out between 300 and 1,500 miles from the 

 

transmitting station. 

 

The experimental data obtained during the daily tests in the 

 

month of March this year, using waves between 11 and 26 meters, 

 

have been made possible by the cooperation of the operators at 

 

the Radio Corporation stations 9XA and 6XG, Denver and 

 

Oakland. It has been possible to observe the primary skips at 

 

Denver and the secondary skips, on different wavelengths of 

 

course, at Oakland, and to correlate this information. Since it 

 

has been impossible to get successful communication at 11 meters, 

 

but has repeatedly been possible on 11.8 meters, we can calculate 

 

the upper limit of the layer height to permit communication on 

 

11.8 meters and this comes out to be 116 miles. The information 

 

based on primary skips shows the layer height to have been close 

 

to 113 miles. The information from Oakland, based on secondary 

 

skips, shows the layer height to have been 102 miles, and other 

 

information, based on observations at lesser distances by other 

 

stations, and on other wavelengths, particularly the twenty-
meter band, give a calculated height of 110 miles. This is con-

sidered to be a very remarkable agreement. The skip distances 

 

observed by Denver were, for some of the waves, also secondary 

 

skips and these also calculated to practically the same height. 

 

Furthermore, the secondary skips observed by Denver have been 

 

checked as primary skips by other observers at half the distance 

 

in entirely different directions, notably by 9CXX at Cedar 

 

Rapids, Iowa, and 4XE at Winter Park, Florida. It does not 

 

appear, then, that the agreement in results is a matter of coinci-
dence. These transmissions will be continued with the expecta-
tion that the layer will lower to average mid-day height some-
where in the neighborhood of 75 miles in the approaching summer, 

 

which will permit the use of waves down to 9 or 10 meters. 
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are available. The first region of reception is a broad region 

 

extending from 7 to 25°. For zone 2, however, by inspection 

 

of Figure 5 we see that rays up to 15.2° may be used so that the 

 

second region of reception overlaps the first. However, when we 

 

get out to zone 4, inspection of Figure 6 shows that rays up to 

 

only 7%° may be used, which do not quite overlap zone 3. How-

ever, the pattern is one of nearly continuous reception from V 

 

outward. There is merely a small gap in the neighborhood of 95°, 

 

but if we look at Figure 9, where the transmitter is at midnight, 

 

we are obliged to start with rays no higher than 7%° and no 
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reception begins until 31°, which is beyond 2,000 miles. More-
over, rays of higher angle having been cut off at the beginning 

 

will not exist thereafter; the result of this is that there occurs 

 

a very wide gap between zone 1 and zone 2 of reception, namely: 

 

between 33 and 55°. After that there are no gaps. Obviously 

 

the zone patterns on the earth are very different for the two 

 

cases. It would seem, however, that after a ray actually reaches 

 

a given point, it should be possible to put a transmitter at this 

 

point and send that same wavelength back in the opposite direc-
tion and have it received at the original transmitter. However, 

 

we are really dealing with a complex band which is being re-
fracted through an electron atmosphere in the presence of a 

 

magnetic field and it seems reasonably certain that the return 
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ray or rays would at any rate, have entirely different states of 

 

polarization from the ray which started out. The irreversibility 

 

then consists in the different state of polarization and in the dif-
ferent character of the patterns on the surface of the earth made 

 

by the zones of reception and non-reception. This sort of thing 

 

is, of course, clearly emphasized in winter time as shown in Fig-
ures 10 and 11. Obviously, however, for extremely long East 

 

and West transmission, one must not . use wavelengths which, 

 

when they encounter darkness in a high layer, will become lost 

 

because they exceed the critical wavelength for that particular 
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layer. If this be true, very long distance work East and West 

 

in the winter time should be limited to wavelengths in excess 

 

of 23 meters and in summer time to wavelengths in excess of 9.0 

 

meters. At the same time, the waves should be, for strongest 

 

signals, fairly close to the limiting ray in order to have the smal-
lest number of reflections and therefore, the least absorption. 

 

As far as North and South transmission is concerned, the 

 

limiting cases would probably occur when winter occurs south 

 

of the equator, and again when winter occurs north of the equator. 

 

At these periods, transmission may not be wholly reciprocal. 

 

In the Spring and in the Fall, however, fairly uniform conditions 

 

should prevail over the entire distance. 

 

In conclusion it may be stated that there is one station in 
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this country which does not appear to show a skip at all, or at 

 

least not at all in line with that shown by Naval transmitters and 

 

by other transmitters observed at this Laboratory. That station 

 

is 2XS of the Radio Corporation, whose signals are received at 

 

points from 200 and 600 miles distant, which, theoretically, they 

 

should not reach at all. A number of observations have been 

 

accumulated upon this station by this Laboratory, and practi-

cally without exception they show this anomaly. Several 

 

possible explanations have been advanced and they are given 

 

here for what they are worth, none of them, however. must be 
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taken too seriously. First, that the signals travel entirely around 

 

the globe. This seems unlikely, because the signals are too 

 

strong. Second, that there may be an effect near 2XS, due to 

 

ionization from various sources, which are known to exist in the 

 

neighborhood of large manufacturing cities. There is little 

 

doubt that such ionization effects do exist, but that the electron 

 

density is sufficiently great to account for the refraction and 

 

production of a sky wave other than the one from the Kennelly-
Heaviside layer, seems difficult to believe. It is understood that 

 

the radiator of 2XS is a horizontal polarized doublet, but this does 

 

not explain in any way the anomaly. Such doublets have been 

 

commonly in use at this Laboratory for a long time and without 

 

exception they show normal skip distance effects. The use of the 
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ray or rays would at any rate, have entirely different states of 

 

polarization from the ray which started out. The irreversibility 

 

then consists in the different state of polarization and in the dif-
ferent character of the patterns on the surface of the earth made 

 

by the zones of reception and non-reception. This sort of thing 

 

is, of course, clearly emphasized in winter time as shown in Fig-
ures 10 and 11. Obviously. however, for extremely long East 

 

and West transmission, one must not use wavelengths which, 

 

when they encounter darkness in a high layer, will become lost 

 

because they exceed the critical wavelength for that particular 

 

A VARIABLE FROM 150 TO 500 MILES 

 

r

 

 

3e 

 

I 

 

� 

 

E 

 

$ 

 

r 

 

F9. 10 

 

w.vTER TFANSMWON TOVYARp WKIYE5,5 

 

I 

 

I
 

 

1. 

 

4.1 
V

-1
r

 � 

 

3000  

 

0 S' 10'3' PO' 25' 30' 35' 30 SO' S3' 60' . T�.
a

'$' a0' 0.S'' 901951 100' W V 115' or 2S' W Cis' Ito' :46
, N), 

 

GREAT CIRCLE DEGREES FROM TRANSMISSION POINT 

 

Fi(;ujiE 10 

 

layer. If this be true, very long distance work East and AVest 

 

in the winter time should be limited to wavelengths in excess 

 

of 23 meters and in summer time to wavelengths in excess of 9.0 

 

meters. At the saute time, the waves should be, for strongest 

 

signals, fairly close to the limiting ray in order to have the smal-
lest number of reflections and therefore, the least absorption. 

 

A., far as North and South transmission is concerned, the 

 

limiting cases would probably occur when winter occurs south 

 

of the equator, and again when winter occur-.-, north of the equator. 

 

At these periods, transmission may not be wholly reciprocal. 

 

In the Spring and in the fall, however, fairly uniform conditions 

 

should prevail over the entire distance. 

 

In conclusion it may be stated that there is one station in 
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this country which does not appear to show a skip at all, or at 

 

least not at all in line with that shown by Naval transmitters and 

 

by other transmitters observed at this Laboratory. That station 

 

is 2XS of the Radio Corporation, whose signals are received at 

 

points from 200 and 600 miles distant, which, theoretically, they 

 

should not reach at all. A number of observations have been 

 

accumulated upon this station by this Laboratory, and practi-

cally without exception they show this anomaly. Several 

 

possible explanations have been advanced and they are given 

 

here for what they are worth, none of them, however, must be 
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taken too seriously. First, that the signals travel entirely around 

 

the globe. This seems unlikely, because the signals are too 

 

strong. Second, that there may be an effect near 2XS, due to 

 

ionization from various sources, which are known to exist in the 

 

neighborhood of large manufacturing cities. There is little 

 

doubt that such ionization effects do exist, but that the electron 

 

density is sufficiently great to account for the refraction and 

 

production of a sky wave other than the one from the Kennelly-
Heaviside layer, seems difficult to believe. It is understood that 

 

t he radiator of 2XS is a horizontal polarized dotiblef, but this does 

 

not explain in any way the anomaly. Such doublets have been 

 

commonly in use at, this Laboratory for a long time and without 

 

exception they show normal skip distance effects. The rise of the 
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reflector at 2X8 does not seen►, theoretically, to uccounl. in July 

 

way for the anomaly. 11' the station were. on IL suflicielllly high 

 

ground elevation, the ground wave could, of course, account for 

 

a very long distance before being t�hsurbed. In this ulllncet loll it. 

 

should be pointed out that, with sufficiently elevated ante►lna, 

 

communication by the direct ray is always possible in such a 

 

way as to cut out the initial skip distance. This has been fre-
quently demonstrated in airgraft tests by this laboratory. 
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SERVICING OF BROADCAST RECEIVERS
* 

 

BY 

 

LEE MANLEY AND W. E. GARITY 

 

(RADIO CORPORATION OF AMERICA) 

 

Much has been said and much has been written on the many 

 

troubles that arise in radio broadcast receivers as to what causes 

 

their failure and how to correct troubles when they occur. The 

 

radio sections of our daily papers and radio publications have 

 

devoted columns and pages in answering individual problems. 

 

These have been of invaluable assistance to the individual, but 

 

in nearly all cases have referred to specific conditions. 

 

In this paper we will endeavor to group service problems 

 

under general classifications, prescribe methods of diagnosing 

 

them followed by a prescription for correcting them. 

 

We believe that general methods may be applied in spite of 

 

the fact that there are so many different types of sets on the mar-

ket, each one claiming individual distinction all its own. All 

 

radio sets, no matter what type, which fail to give satisfaction 

 

do so for a number of reasons that are fundamental. 

 

In general, there are four basic pick-up circuits in use today: 

 

the so-called regenerative detector, the uiltuned radio frequency, 

 

the tuned radio frequency and the super-heterodyne. Any set 

 

on the market may be classified as using one of the foregoing 

 

types or possibly a combination of one or more. There are two 

 

additional types of pick-up circuits which have fallen more or less 

 

into oblivion and will not be found in general use in the broadcast 

 

receivers of today. They are the crystal detector and the straight 

 

audion detector which employs no form of regeneration whatso-
ever. 

 

Receiving sets consist of a pick-up circuit, a detector circuit 

 

and an audio frequency amplifying circuit. - In the pick-up cir-
cuit radio frequency amplification may be incorporated. The 

 

detector may be either a tube or a crystal. In the audio fre-

quency circuit from one to three tubes are generally used. In 

 

multi-tube sets employing radio frequency amplifiers, some 

 

arrangement of circuit is made to suppress or control the tendency 

 

* Received b the Editor, October 9, 1925. Presented before THE INSTI-
TUTE OF 11ADIO ZNGINEERs, New York, October 7, 1925. 
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of the tubes to oscillate, when the circuits are tuned to resonance. 

 

Any set on the market today may be grouped under one of 

 

the foregoing classes as to the circuit employed. 

 

In much the same way that receivers may be grouped under 

 

circuit classifications, their failure to operate may be grouped 

 

under certain general classes, namely: 

 

Lack of operating experience on the part of the user. 

 

Location. 

 

Defective accessories. 

 

Open circuit. 

 

Short circuit. 

 

High resistance connection. 

 

Lack of operating experience may be the result of not follow-
ing out instructions carefully enough, or, as is sometimes the case, 

 

the instructions are not complete enough and are not entirely 

 

clear to the novice. It may be the result of insufficient instruc-
tion on the part of the service man who made the installation. 

 

Then, too, it may be the result of impatience on the part of the 

 

customer. It is a peculiar condition, but a fact nevertheless, that 

 

the first night a customer has a set, he feels that he should be able 

 

to get Chicago and points west from -New  York City. The re-
sponsibility for this condition rests with either the salesman who 

 

sold the set or the service man who failed to correct this fallacy 

 

in the customer's mind, or with the manufacturer of the set for 

 

over-advertising his product, and being a little too optimistic 

 

as to the possibilities of reception. A manufacturer who in -New 

 

York City receives the Pacific Coast stations on his product is 

 

not justified in making a general statement that this can be re-
peated at will, giving the impression to the reader of the adver-
tisement that that particular receiver will perform likewise in 

 

every other locality. That is incomplete advertising and should 

 

be discouraged as it has a detrimental effect on the industry as a 

 

whole, and results in unnecessary service costs. 

 

Under the caption of location many factors must be consid-
ered. The type of building in which the installation is made, 

 

the proximity to steel buildings, power lines, trolley and railway 

 

lines. and the geological and topographical conditions surround-
ing the installation are all important factors. Certain areas 

 

appear to be "dead" tocertain stations, while at the same time par-
ticularly good for others. We believe that this is due not to the 

 

area being "dead," but to a distortion of the wave front from the 

 

transmitting station, cawing it to be deflected in such a manner 
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as to render reception of signals from that station very difficult 

 

or impossible in that particular location. 

 

Under defective accessories we may include defective tubes, 

 

batteries, loud speakers, antenna and ground installations, also 

 

improper battery connections. Many sets fail or are returned 

 

to the dealer as unsatisfactory because of poor antenna and 

 

ground installations. Many a set of good quality and capable 

 

of delivering satisfactory results fails because the loud speaker 

 

that is used with it does not have the proper electrical character-
istics to operate satisfactorily in conjunction with the receiver. 

 

Tubes will also cause trouble as they are subject to certain de-

fects incidental to fragility. 

 

Open circuits are generally found in the movable connections 

 

of the set such as a condenser pigtail, loop leads, loud speaker 

 

leads, and any other connection that is subject to movement or 

 

vibration in the normal operation of the set. Open circuits may 

 

also result from burned-out transformers or from mechanical 

 

failures in telephone jacks, rheostats, and switches. 

 

If a set has been once tested and found to be O. K., short 

 

circuits rarely occur. When they do it is the result of a mechani-
cal failure of the moving parts or of tinkering with the mechanism 

 

of the set. It will sometimes happen that the pigtail of a moving 

 

element of the receiver will break and fall in such a way as to 

 

cause a short circuit of that element. This is particularly true 

 

of the pigtails of variable condensers. The principal cause of 

 

short circuits that occur in the normal operation of a set is in the 

 

tubes. If the filament of the tube should break there is a possi-
bility of its falling in such a way as to cause a short circuit be-
tween itself and the plate and grid elements of the tube. When 

 

such a fracture of the filament occurs the voltage of the "B" or "C" 

 

battery, as the case may be, is short circuited through the con-
ductors involved. This type of short circuit is generally of very 

 

brief duration as the filament will generally burn out as soon as 

 

the short circuit occurs. A contact between the grid and plate 

 

element of a tube is a more serious type of short circuit, resulting 

 

in the rapid deterioration of the "B" and "C" batteries, and may 

 

possibly cause a burn-out of the transformer windings in the 

 

circuits involved. 

 

The foregoing troubles are relatively easy to check up as they 

 

are immediately apparent or can easily be located by a con-
tinuity of circuit test. 

 

The most difficult type of failure to locate is that caused by a 

 

high-resistance connection. It is not only difficult to locate, but 
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it is difficult to determine. Thus, condition will cause the 

 

set to operate indifferently with rather,. unsatisfactory results. 

 

This condition is sometimes mistaken as location trouble. A 

 

high resistance is possible at any connection in the receiver. 

 

Soldered connections that are soldered with a corrosive flux that 

 

has not been properly treated after the soldering operation are 

 

probably the worst offenders. Weak mechanical springs in tele-
phone jacks and switches may also introduce high resistance 

 

connections. 

 

Radio sets, like individuals, are very much the same the world 

 

over. They fail or succeed according to a few fundamental laws. 

 

They are subject, as it were, to the same ills. The doctor can 

 

diagnose the trouble in a man's system whether he be well 

 

dressed or poorly dressed, whether his name be Smith or Jones, 

 

because he knows the fundamental laws governing the human 

 

system and is not confused by size or shape or a difference in 

 

physical dimensions. 

 

One doesn't have to be a radio engineer or a radio expert to be 

 

able to service a radio set, but one does need experience to be-
come adept, and some knowledge of the fundamentals is val-
uable. One must be, of course, familiar with the various parts 

 

that are commonly used in radio receivers such as rheostats, 

 

jacks, etc., and must know, in a. general way, the function of each. 

 

Given a first-aid manual, the man in the street with an ordi-
nary amount of common sense and an ability to read, might go out 

 

and administer first-aid treatment and, if he followed the direc-
tions properly, might effect a recovery. A doctor could do no 

 

differently. His experience would permit him to handle the case 

 

more skilfully and his intimate knowledge of the workings of the 

 

human system would permit him to diagnose the case more 

 

quickly from the apparent symptoms, but the Ivan with the first-
aid manual would produce the same results in a little longer time 

 

and yet he knows nothing of medical science. 

 

For instance, what does a doctor do when he is called in to 

 

treat a sick person? The first thing he generally does is to feel 

 

the pulse and while doing that he starts a series of questions as 

 

to the length of time the person has been ill, where the pains are, 

 

etc., and he may even go as far as to inquire into the family his-
tory. Let that be the practice of the radio service man. Do not 

 

immediately get out the tool bag and start pulling the set apart, 

 

but try to find out what the difficulty is by questioning the cus-
tomer. «"hat would one think of a doctor if at the first sight of 

 

every patient, he started to operate, and yet you will see a service 
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man start in immediately to pull the set out of the cabinet and 

 

look for trouble, and the trouble may be in a battery connection. 

 

What we will attempt in this paper is to outline a first-aid 

 

manual for the treatment of "sick" radio sets; that will enable the 

 

man who is not a radio engineer and who has only a slight knowl-

edge of the art, to recognize trouble and make the necessary 

 

repairs. We have avoided, therefore, all theoretical considera-

tions so far as possible and will treat the subject from a practical 

 

viewpoint and refer only to theoretical discussions when abso-

lutely necessary. We have prepared a list of complaints that are 

 

most frequently heard, and we will analyze each complaint as to 

 

the possible reason for it. 

 

Let us start with a suggestion to the dealer or, for that matter, 

 

to anyone who sells a radio receiver. Test all sets before sale. 

 

This takes but a very few minutes and will surely pay well in 

 

avoiding dissatisfaction as well as time that is sometimes neces-

sary to service a defective set that has been shipped to a customer. 

 

A radio receiver that is working properly today does not as a rule 

 

go bad tomorrow, and if such an installation does fail, the dealer 

 

may feel that the trouble is due to a defective accessory rather 

 

than the set itself. When the service man is called on to service 

 

such a set he has the confidence that the set is O. K. and he will 

 

immediately be able to concentrate on the real probability of 

 

failure rather than imaginary ones. 

 

Then, too, if the dealer would acquaint the customer with the 

 

limitations of radio reception, what to expect and what not to ex-

pect, service problems would be minimized. Acquaint the customer 

 

as to the probable length of time his batteries will last. This is quite 

 

important, and if followed out, will avoid some very disagreeable 

 

service jobs. For example, when a man purchases a radio set he 

 

becomes quite enthusiastic and will read all available literature 

 

on the subject, and at the end of a month he has absorbed just 

 

enough information that may prove dangerous. About this time 

 

the signals on his set will start to decrease and he will remember 

 

having read somewhere that this might be caused by a defective 

 

transformer, and he immediately gets out the tools to make the 

 

repair, and then the dealer has a regular service job on his hands. 

 

Had the dealer in the first place acquainted the customer with 

 

the facts concerning the life of the batteries, the customer would 

 

be more than likely to recall such information and take the 

 

proper steps to renew them. 

 

The question has been asked at times, "What should the ser-
vice man's equipment consist of?" 
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He should carry the necessary tools and apparatus to be able 

 

to run a complete test on the set to be serviced and be able to 

 

make any minor repair necessary. We would suggest the fol-
lowing items: 

 

Set of tested tubes. 

 

Multi-scale voltmeter of good quality. 

 

Pair of head phones. 

 

Large and small screwdrivers. 

 

Small soldering iron. 

 

Solder and non-corrosive flux. 

 

Spare wire and tape. 

 

Test-leads with clips. 

 

Pipe cleaners. 

 

Large piece of cloth. 

 

Set of B and C batteries (small). 

 

When a service man goes into a customer's home he is usually 

 

going there as a representative of a commercial establishment. 

 

He should be instructed to be courteous and considerate. If he 

 

must take a set out of the cabinet for adjustment he should use 

 

the piece of cloth provided in his kit to protect the surface of the 

 

table he works on. He should answer all questions asked him 

 

no matter how absurd they may appear to him. The customer 

 

generally has one question that he would like to have answered, 

 

and in his mind the service man must be an expert, in order to be 

 

able to do such work, and so he unburdens his mind. The service 

 

man should respect this attitude on the part of the customer and 

 

should do his best to point out the fallacies tactfully and set the 

 

customer right in his ideas about radio. The service man should 

 

make the customer enjoy his visit and if this is done the service 

 

man becomes a valuable asset to a business and is a potential 

 

salesman. 

 

The service man, before he starts to make any adjustments 

 

other than turning on the set and trying the various controls, 

 

should question the customer as to how it happened, the time, 

 

place, and conditions surrounding the failure. Such questions as 

 

the following: 

 

How long has the set been in operation? 

 

Was the set operating satisfactorily up to the time of failure? 

 

Were you tuning the set when the failure occurred? 

 

If so, What control wereyou moving? 

 

Did you make any change in the connection of the batteries, 

 

if so, what were they? 

 

Did it suddenly stop operating? 
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Was there any squeal or howling sound just prior to failure? 

 

Were you moving the loop? 

 

Did the loud speaker fall? 

 

Is the antenna OK? 

 

In short, have the customer re-enact the conditions at the 

 

time of failure. Get all the symptons and an astonishing amount 

 

of time may be saved in running down the difficulty. If sufficient 

 

questions are asked, the customer will generally give you the 

 

real cause of trouble or he will suggest something to you in the 

 

course of inquiry that will point out just what the cause of failure 

 

was. Sets as a rule do not go bad of themselves. The failure 

 

usually occurs while some operation is taking place, such as 

 

plugging in the loud speaker, turning the condensers or making 

 

a change in the battery connections. 

 

The length of time that a set has been in operation will be 

 

an indication of various types of trouble. A set that has recently 

 

been installed is subject to a certain type of failure, while a set 

 

that has been in operation for a year or more, is subject to other 

 

types of failure. 

 

If a set has been installed for a period of two weeks or less, 

 

outside of the inability of the customer to procure the desired 

 

results, there are only a few reasons why the set should fail. 

 

They are: 

 

A defective tube. 

 

Defective battery or battery connection. 

 

Loud speaker connection loose in telephone plug. 

 

Burn-out of transformer. 

 

Of course, there may be other reasons, but these are the most 

 

common and are given in the order of their probability of oc-
currence. 

 

If the set has been in operation for a month or six weeks and 

 

has been giving satisfactory service for that period, the cause of 

 

failure is generally due to the weakening of the batteries. 

 

If the set has been in operation for a period of six months or 

 

a year, the possibilities of trouble will increase. If the failure in 

 

this type of installation has been gradual, the first thought 

 

would be that the tubes were becoming deactivated through 

 

continual use. 

 

If the breakdown was sudden, a mechanical failure might be 

 

expected in one of the movable connections or pigtails. A 

 

burned-out transformer could be expected in difficulties of this 

 

sort. If the trouble is due to a noise condition, the failure might 

 

be ascribed to dust or dirt accumulations on the condenser plates 
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or other iniport.ant parts of the receiver. The defect ulighl Itki, 

 

he clue to it soldered connection. It will require, Its It 1*1114" n 

 

rather long period of t.iIIIv for It soldered corinc.clictli to cm. r()dc• to 

 

such it degree Its to cause this condition. The local at ulosplif-ric 

 

conditions under which the set lilts liven operating 111,1Y hnve 

 

some hearing on the cause of failure. 11' the set, hats been of►crltt ing 

 

near the seashore and has been stll►jccted to the ttct ion of cult 

 

atmosphere it may have caiisccl sufficient, corrosion of 11m, co►1-
nections or other metallic parts to introduce high rv,i:.l;taro or 

 

leakage path. Moisture n►ay saturate the cheaper grudos of 

 

insulating material to such all extent, its to cause high-frequetley 

 

short circuits. 

 

If a set has been operating for a long period of tiuu• and hits 

 

given satisfactory results and then develops noises and scratching 

 

sounds, one should not look for a loose connection in the wiring 

 

of the set, but rather look for an open circuit, in the moving parts. 

 

Worn mechanical parts are often mistaken for loose connect ions 

 

in the wiring. The wiring is absolutely stationary and it is not, 

 

at all likely that it will be disturbed in the ordinary use of the 

 

set so as to cause a failure due to a loose connection. Vernier 

 

drive shafts and vernier plates will wear loose and while appar-
ently they are making perfect contact to the metal surfaces of 

 

the condenser when the set is brought into a critical condition, 

 

as is the case when receiving distant stations, will cause noises 

 

that might be thought due to a loose connection in the wiring. 

 

Another item to be considered in the servicing of radio sets 

 

is the cost of the original apparatus. Radio, like any other ►mer-

chandise, is a matter of price. As a rule, the more ,you pay for a, 

 

set, the better should be the quality of the equipment you get 

 

and you may reasonably expect longer and more satisfactory 

 

service from it. In a high-grade receiver the mechanical failures 

 

are less frequent than in the cheaper grades of sets. The sane 

 

is true of electrical failures. The cheaper grades of sets are ►ouch 

 

more subject to climatic conditions then are the better grades. 

 

We have compiled a series of complaints in such terms as 

 

they are received by the dealer, and we will take each up in turn 

 

as to what it suggests as the possible cause of failure. 

 

"The set just stopped operating. It was giving excellent 

 

results, but it suddenly stopped." This complaint is quite un-

satisfactory from a service man's point of view. It does not 

 

suggest anything definite and it may be the result of many factors. 

 

Trouble generally occurs when some operation is taking place, 

 

whether it be tuning or making adjustments or plugging in the loud 
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speaker, or revolving the loop. The service man should inquire 

 

just how the failure took place, just what the customer was doing 

 

when the set failed. If the failure occurred when some adjustment 

 

was being made, he should look for a broken connection or a 

 

mechanical breakdown in the control being used at the time. 

 

There are several causes of a set failing completely and sud-

denly, namely, a burned-out tube, a burned-out transformer, a 

 

broken connection, or a short circuit. A broken loop connection 

 

will also cause complete failure as well as a burned-out loud 

 

speaker. Of course, there are many reasons why a set may fail 

 

to function, but the list just given represents the principal causes 

 

for a complete and sudden failure. 

 

A burned-out tube will be immediately obvious and should 

 

be replaced. A broken battery connection or pigtail may be 

 

located by inspection and necessary repairs made. A defective 

 

loud speaker may be determined by replacing the loud speaker 

 

with a pair of head phones and noting whether the head phones 

 

operate satisfactorily. 

 

In making all checks on defective sets, the first thing that the 

 

service man should do is to light the tubes to their proper bril-

liancy and then plug the loud speaker in and out of the jack. If 

 

the B battery is properly supplying the tubes in the amplifying 

 

circuit, a loud click will be heard in the loud speaker. If there is 

 

a jack provided on the detector tube, repeat this, using the head 

 

phones. In other words, see that there is a B battery voltage at 

 

the plate contact of each tube. In the radio-frequency tubes, if 

 

used, measure the voltage across the tube contact springs in the 

 

socket. This may be accomplished by removing the tubes from 

 

the sockets and making direct contact with the springs. There 

 

is another possibility of failure in sets that employ a large by-

pass condenser which is connected across the B battery supply. 

 

In event of this condenser becoming short-circuited, it will cause 

 

the B batteries to drop in voltage very rapidly and if the short-

circuit is complete enough, the batteries will heat up. This can 

 

be very quickly determined by breaking the connection through 

 

the negative B battery. If a heavy spark occurs, it is an indica-
tion that there is a short circuit in the B battery supply which 

 

may be due to this condenser. In testing this condenser should, 

 

by chance, the tubes be lit when the B battery connection is 

 

broken, a small spark will be present. The small spark is due 

 

to the normal drain. on the B batteries and represents the total 

 

plate current of the tubes in the set. If the tubes are not lit, no 

 

sparking should occur when the battery connection is broken, 
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radio receivers of Itll types. 

 

The most general cause for this comnplaint is the illithillt N• of 

 

the customer to tune the set properly so Its to get the ulosl out 

 

of it.. The obvious relrledy for this is to instruct him further- ill 

 

the operation of the set. The service Irian rhoclld 1;1,1 r,d au 

 

evening with him and show hill) just how to do it, and ouce the 

 

customer knows that the set. is capable of receiving distance, be 

 

will never admit that he cannot get it. 

 

A defective tube will sometimes prevent distant rece1►ti0n. 

 

Perhaps one of the tubes used in the radio fre/luenl N• 4•11.,llit is 

 

not particularly adapted for that purpose, but will ,mike all ideal 

 

detector or audio frequency aniplifier. Try interchanging allies 

 

so as to get the best possible combination. Do not make it prac-
tice of interchanging tubes after the most satisfactory eon►bina-
tion has once been determined. This is particularly applicable 

 

to dry-cell tubes. Because of their delicate structure, it is not 

 

well to subject them to excessive handling. 

 

Location and local conditions materially affect the ability of 

 

a set to receive distant stations. Antenna construction and 

 

ground conditions are important. factors. If a loop is used, the 

 

shielding of nearby metallic bodies will affect the results. In a 

 

case of loop sets it is advisable to install the set near it window. 

 

This is particularly true in the latest types of hones anti apart-
ment houses which employ in their construction metal lathing 

 

which acts as an electro-static shield to the Incoming signals. 

 

In the case of sets employing antennas, it will he necessary to 

 

experiment with antennas of different length and ill different 

 

directions. However, before the service man blamles the location 

 

for the failure, he should take a set of similar make which he 

 

knows operates satisfactorily in another location, and check the 

 

results in the doubtful location, comparing results received on 

 

the new set with those of the standard set. In some instances, 

 

the service man is prone to use location as the cause of failure to 

 

receive distant signals, whereas it. ►nay be due to it defective 

 

part in the radio set. 

 

"The signal comes in loudly and then dies out." This is 

 

generally clue to the phenomenon of fading. 
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However, should this condition exist on the local stations, as 

 

well as the distant stations we would be inclined to suspect either 

 

a defective A battery connection or a defective A battery. A 

 

soldered connection in the filament circuit that has become cor-

roded or broken for some unknown reason while not completely 

 

open so as to cause the tube's failure to light, but just making 

 

contact, will cause this condition. This defective connection, at 

 

times, will become highly resistant; sufficiently so to cause a 

 

decrease in the filament brilliancy. This condition is generally 

 

obvious as the brilliancy decreases at the time of the fading. 

 

This condition is rarely met, but it is extremely difficult to locate 

 

the defective connection and requires careful inspection of every 

 

connection. 

 

This condition may be brought about by a defective dry-cell 

 

type A battery. In this case, it is due to a local action within 

 

the dry-cell. The internal resistance of the cell will vary, due to 

 

this local action, and cause effects similar to that caused by the 

 

defective connection just described. In the case of dry cells, it 

 

is sometimes necessary to readjust the filament rheostats slightly 

 

in order to restore the set to its normal operating condition, and 

 

at times, the set will recover itself. In a storage type A battery 

 

this condition may be brought about by a so-called "treeing" 

 

effect. This condition is generally present only in old storage 

 

batteries and is the result of a lead tree building up on the plates 

 

in such a way as to penetrate the separator. This lead tree 

 

builds up until it touches the opposite plate and causes a momen-

tary short circuit of the plates involved. The short circuit burns 

 

off the lead tree and immediately the building up process is 

 

started again. When the short circuit occurs there will be a 

 

slight decrease in the total voltage of the battery, which will 

 

cause a slight decrease in the filament brilliancy resulting in a 

 

fading effect. In cases of this type, the fading periods are only 

 

momentary and recur at fairly uniform time intervals and are 

 

present on all positions of the tuning scale. 

 

A similar condition may be caused on sets employing an 

 

antenna, by swinging of the antenna or lead-in. This condition 

 

should not be confused with the fading phenomenon and may be 

 

identified by the fact that the volume of the signal will not 

 

change, but will swing in and out. The particular danger to be 

 

encountered is when the antenna is close to a metallic or other 

 

conducting body and in swinging, touches the same, causing a 

 

momentary short circuit. This is recognized by a click in the 

 

loud speaker when the ground occurs. 
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Defective tubes. 

 

Defective batteries. 

 

Reversed A battery connection. 

 

Poor antenna location or instalhoi(M. 

 

Defective ground connection. 

 

Defective loud speaker. 

 

These are listed in their order of hiq ortance and oeeurrenre. 

 

If the receiver is of an inferior quality some advantage clay be 

 

had by replacing the grid condensers and audio-frequency trans-
formers with similar instruments of better duality. If it is due 

 

to lack of knowledge, it is the duty of the service Inau to instruct 

 

the customer more fully. Defective tubes should Ise eel,laced. 

 

This condition may be checked by replacing the entire set of 

 

tubes in the defective set with tubes that are known to be O.K. 

 

A defective battery may be located by checking the voltage. It 

 

is generally conceded that a R battery whose voltage has dropped 

 

25 per cent. from the normal rating of the battery, should be 

 

discarded. If the A battery connections are reversed on receivers 

 

employing audio frequency amplification, little or no amplifica-
tion will be had. This is easily checked by reversing the battery 

 

leads. Just when an antenna is defective is very difficult to say, 

 

as there are so many local conditions which play important 

 

parts in the success or failure of an antenna installation. In 

 

general, the antenna should be removed as far as possil ble from 

 

all objects, such as trees and buildings, and metal objects in par-
ticular. In general, the higher the antenna, the better will be 

 

the results obtained. If the antenna is erected in the vicinity 

 

of a high-tension transmission line, it should be erected so that 

 

the line of the antenna is at right, angles to the transtlllsswn line. 

 

The antenna should be carefully insulated at all points through-
out its length including the lead-in. It will sornetinles happen 

 

that a set employing an antenna operates quite satisfactorily 

 

during periods of dry weather, but during, and after rain storms, 

 

the operation of the set becomes rather indifferent. This con-
dition is generally due to a defective insulator which breaks do%+•n 

 

during periods of wet weather, causing high losses. An opposite 
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condition may be had where the set operated more successfully 

 

during periods of wet weather than it did in dry weather. This 

 

would indicate that the moisture in the ground enhanced the 

 

value of the ground connection by reducing the ground resistance 

 

of the circuit. Some care should be exercised in the selection of 

 

a ground and the service men should not necessarily use the first 

 

ground available. Several ground connections should be tried 

 

and an effort made to determine the one giving maximum results, 

 

and this one used. In the present day equipment it seems to be 

 

customary to use an aperiodic circuit in the antenna, and for 

 

that reason defective grounds do not manifest themselves 

 

quickly. In antenna sets employing a series antenna condenser, 

 

a defective ground will cause the antenna condenser to tune very 

 

broadly. 

 

A loud speaker that has been connected into a receiver with 

 

the polarity reversed will, after a time, become demagnetized and 

 

result in very poor volume and quality. 

 

"The volume was great for a short time, but suddenly 

 

started to weaken." This condition generally results from using 

 

an excess voltage on the tubes. It is particularly true in the case 

 

of sets employing dry cell tubes. The customer sometimes has 

 

a peculiar psychology and believes that by turning the rheostats 

 

of the tubes on full that he is getting better results. With the 

 

tubes used today, employing thoriated tungsten filaments, this 

 

is a fallacy. Operating tubes using this type of filament at a 

 

greater than normal voltage deactivates the filament very 

 

rapidly and decreases its useful life. Under no consideration 

 

should a thoriated tungsten tube be operated at a voltage higher 

 

than the rated voltage as indicated by the manufacturer. A 

 

defective battery that has deteriorated abnormally will also 

 

cause this condition. 

 

"I get one station well, but another station is weak and they 

 

are both about the same distance away." It is the general belief 

 

that this condition is caused by metallic obstructions, such as 

 

steel buildings, high-tension systems, railroads, etc., or possibly 

 

mineral deposits near on the earth's surface. It is believed 

 

that these obstructions cause either an absorption or a deflection 

 

of the radio waves which renders certain areas incapable of 

 

receiving signals from certain stations. You have probably all 

 

heard of the recent investigation carried on by the American 

 

Telephone and Telegraph Company, in which it plotted the 

 

signal strength of its New York station in different sections of 

 

the metropolitan area, and of the peculiar results noted. Certain 
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due to a vibrating air coltunll which is set up het weell the loud 

 

speaker and, usually, the detector tube of the set. The i(-tioll P-
similar to that which results when :t receiver of it telepl,olw 

 

instrument is placed in front of the illouti►piece of the tni ,luittel. 

 

This condition is generally caused by :t micropl,onic tube in the 

 

detector socket. It may be due also to a loose eleutent in solve 

 

part of the circuit. A loose transformer lamination or coi dell,er 

 

plate alight cause the same condition. A popular theory of this 

 

condition is that tide vibrating air column from the louts sIN•aker 

 

causes a vibration of the filament in the detector tube. The 

 

vibration of the filament. causes :t variation of the tube charae-
teristics which causes in turn it variation of the plate currelit, 

 

and an acoustic feed-back results. In louts speakers of the 

 

adjustable type, adjustment, of the air-gap will sou,etirl►es 

 

eliminate this howl. In the cast' of non-adjustable loud speaker 

 

units it will be necessary Co try interchanging the tubes ill the 

 

sets in order to eliminate this condition. If interchal►giug fit(-

tubes does not correct it,, place the loud speaker so that the bell 

 

points away from the set, and place either the loud speaker or the 

 

set or both on pads of soft felt or sponge rubber. It Is because 

 

of this effect that it is not advisable to place the loud ,1waker on 
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the top of the cabinet, unless the tube sockets are sufficiently 

 

cushioned. 

 

This condition, however, usually occurs only when the set is 

 

operating at maximum output and the radio-frequency amplifiers 

 

are set in an extremely sensitive condition. Reduction of the 

 

volume will invariably eliminate the howling effect. 

 

"The quality is terrible, we cannot understand a thing that 

 

is said." This condition is known as distortion and is due to 

 

many factors. As a general rule, distortion occurs only in the 

 

audio-frequency circuits. Distortion may be caused by a defec-
tive tube, a defective battery, a defective loud speaker, a broken-
down by-pass condenser across the output or, what is the most 

 

common cause of distortion, overloading of the tubes. A soft 

 

or gassy tube will cause distortion, but this defect in a tube is 

 

rarely encountered in standard makes of tubes. A weak or defec-
tive C battery is also a very common cause of distortion and' will 

 

be evidenced by a tendency of the amplifiers to squeal. A •"B" 

 

battery whose voltage has dropped 25 per cent. will often cause 

 

distortion and may be accompanied by a continuous high pitched 

 

squeal. Audio-frequency transformers of poor quality and design 

 

will cause distortion. This is generally indicated by the inability 

 

of the amplifiers to reproduce the extremely high and low musical 

 

tones. A transformer in which the leads have been soldered with 

 

a corrosive flux will cause distortion a short time prior to the 

 

time when the corrosive action of the flux causes the winding to 

 

open. Overloading of the amplifier tubes is evidenced by a 

 

blasting of the loud tones of the program. This is particularly 

 

true on local reception. The customer should be instructed to 

 

watch the overloading of the tubes and if the blasting does occur, 

 

he should detune his set slightly so as to reduce the volume to 

 

the point where the tubes will function properly. It is quite 

 

possible with the multi-tube sets used today, when installed in 

 

the vicinity of a powerful broadcasting station, to impress on the 

 

grid of the last tube in a series, sufficient voltage to swing the 

 

grid voltage beyond the limits of the straight line portion of the 

 

characteristic curve. Increasing the "C" battery potential or volt-
age on the amplifier tubes will tend to reduce this blasting. But 

 

this is not recommended as good practice because of the possi-
bility of increasing the negative potential to such a point as to 

 

caUsc, distortion when the tube is operating with normal volume. 

 

A great many amplifiers in receiving sets use a fixed condenser, 

 

ranging from the values of 0.002 to 0.0011, connected across the 

 

loud speaker h-rnninals. This condenser is known as it "by-pass" 
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condenser and is subjected in this part of the circuit to consider-
able peak voltages. Should this condell wi. fail, it distorted signal 

 

will result. If, on servicing, this condil ion is n►et luld all file 

 

foregoing items have been checked with no resc►lts, replace till." 

 

bi-pass condenser, as a potential breakdown in this condenser i• 

 

rather difficult to test for unless laboratory ectuitnne►It is avail-
able. Both these conditions call for the replace►ne►►t of III(-
transformers. 

 

"It is loud enough, but very noisy. 'There is a continuous, 

 

cackling, rasping or scratching sound in the loud speaker." This 

 

may be the result of any one of many causes. Interference. front 

 

either atmospheric or local sources is the most common cause of 

 

this defect. By local sources we refer to such apparatus as 

 

X-ray machines, violet-ray machines, electric railway systen►s, 

 

elevator controls, leaky power lines or transformers, automatic 

 

telephone switching lines, telegraph lines, and local telegraph 

 

stations in the vicinity of the receiver. 

 

In checking noises in a radio
•

receiver, the first problem should 

 

be to determine whether this is being picked up on the antenna 

 

or the loop, or whether it is originating in the set itself. In order 

 

to check this on a set employing an antenna, adjust the receiver 

 

to a point where the interference or noise is present. Then re-
move the antenna and ground connections from the receiver and 

 

note whether or not the noise ceases. If there is a great decrease 

 

in the volume of the noise when the leads are disconnected, it is 

 

safe to assume that the noise is emanating from an outside source. 

 

If a loop set is employed, disconnect the loop and place a 

 

short length of wire, not over four inches in length, in place of the 

 

loop. If the noise ceases when the loop is removed, it may be 

 

safely assumed that the noise originates at some outside source. 

 

However, if the noise persists after the pick-up circuit, either 

 

loop or antenna, is removed, it is safe to assume that the noise 

 

is originating in the set itself. The noises referred to in the fore-
going are those which are present at all times, particularly when 

 

none of the controls are being moved. Noises within the set 

 

itself may be caused by one of the following items: 

 

A defective tube. 

 

Dirty tube contact. 

 

Defective battery. 

 

Defective loud speaker. 

 

Dirt on loud speaker diaphragm. 

 

Defective battery contact or a loose connection. 

 

The defective tube should be replaced by a tested one. The 
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tube contacts should be cleaned with a piece of emery cloth or 

 

fine sandpaper. Make sure to remove all traces of grit before 

 

replacing the tube. Make sure the contact springs of the sockets 

 

are clean and are making good contact to the contact pins of the 

 

tube. A defective battery will also cause many noises in a 

 

receiving set. The batteries should be checked in the following 

 

manner: Connect a pair of headphones across the outside ter-

minals of each individual battery, and note the sound in the 

 

head phones. If there is a boiling or frying sound in the head 

 

phones when they are connected in this manner, it is an indication 

 

of a defective battery, and batteries showing such defects should 

 

not be used in a radio set. A loose or defective battery connec-
tion will also cause a set to be noisy. A loud speaker with a 

 

defective winding will also cause disagreeable noises. Dust and 

 

dirt accumulations on the loud speaker diaphragm will cause the 

 

set to appear noisy. A condition might arise where the dia-

phragm of the loud speaker becomes loosened, causing it to rattle 

 

when actuated by the incoming signal. Loud speaker defects 

 

generally necessitates a factory repair. A transformer winding 

 

which is deteriorating will cause a hissing or a frying sound in 

 

the amplifier. A loose connection in any part of the receiver, and 

 

the loud speaker, which is subject to vibration when the loud 

 

speaker is operating, will also cause the set to be noisy. In order 

 

to definitely locate the origin of noises in the receiver, use a pair 

 

of head phones and plug them in in place of the loud speaker. 

 

This will immediately determine whether the noise is originating 

 

in the loud speaker. If the noise persists with the phones plugged 

 

in the last stage of amplification, plug into the first stage, if a 

 

jack is provided, and repeat the process, plugging into the detec-
tor circuit. If but a single jack is provided, and this jack is con-
nected in the output of the audio-frequency amplifiers in order to 

 

determine whether or not the noise is originating in the audio-

frequency-amplifiers, connect the telephones in series with the 

 

detector "B" battery lead. In that way, you may determine 

 

whether or not the noise is originating ahead of the detector or 

 

in the audio-frequency amplifiers. Once the source of the noise 

 

is determined, it requires very careful checking of the various 

 

parts and connections in the circuits responsible. 

 

"Set operates satisfactorily except when any of the controls 

 

are moved; it is very noisy." This condition indicates directly a 

 

defective connection caused by a mechanical failure. A defective 

 

tube will sometimes cause this condition, and is apparent when 

 

a rheostat is moved or the set is subjected to mechanical vibra-



554 LEA-, MANLEY AND W. N. UAIt1TY 

 

areas in Central Park were practically dead to signals front this 

 

station. There is perhaps no remedy for this condition and it is 

 

not the fault of any particular set, as this condition would he 

 

true whether a crystal detector or a super-heterodyne be n,('d 

 

in such a location. Of course, the super-heterodyne circuit, 

 

because of its sensitivity, would respond to an extremely weak 

 

signal that would be inaudible in a crystal detector set, but for 

 

practical considerations, reception in such an area would not he 

 

satisfactory, while at the same time, excellent results inight be 

 

obtained from other nearby stations. 

 

"The volume used to be O.K., but has been getting weaker 

 

and weaker." This condition is generally caused by the normal 

 

decrease in voltage of the batteries. It may also be caused by 

 

the use of a slight excess voltage on the tubes which will cause a 

 

slower deactivation of the filament than described previously. 

 

In the case of a recent installation, defective batteries should 

 

be looked for. Should the installation have been made a year 

 

previously, the difficulty might be due to the normal depreciation 

 

of the useful life of the tube. 

 

"It works O.K. for a while, but suddenly a howl starts which 

 

sounds like a siren or a fog horn which can only be stopped by 

 

shutting off the set or cutting down the volume." This effect is 

 

due to a vibrating air column which is set up between the loud 

 

speaker and, usually, the detector tube of the set. The action is 

 

similar to that which results when a receiver of a telephone 

 

instrument is placed in front of the mouthpiece of the transmitter. 

 

This condition is generally caused by a microphonic tube in the 

 

detector socket. It may be due also to a loose element in some 

 

part of the circuit. A loose transformer lamination or condenser 

 

plate might cause the same condition. A popular theory of this 

 

condition is that the vibrating air column from the loud speaker 

 

causes a vibration of the filament in the detector tube. The 

 

vibration of the filament causes a variation of the tube charac-
teristics which causes in turn a variation of the plate current, 

 

and an acoustic feed-back results. In loud speakers of the 

 

adjustable type, adjustment of the air-gap will sometimes 

 

eliminate this howl. In the case of non-adjustable loud speaker 

 

units it will be necessary to try interchanging the tubes in the 

 

sets in order to eliminate this condition. If interchanging the 

 

tubes does not correct it, place the loud speaker so that the bell 

 

points away from the set and place either the loud speaker or the 

 

set or both on pads of soft felt or sponge rubber. It is because 

 

of this effect that it is not advisable to place the loud speaker on 
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the top of the cabinet, unless the tube sockets are sufficiently 

 

cushioned. 

 

This condition, however, usually occurs only when the set is 

 

operating at maximum output and the radio-frequency amplifiers 

 

are set in an extremely sensitive condition. Reduction of the 

 

volume will invariably eliminate the howling effect. 

 

"The quality is terrible, we cannot understand a thing that 

 

is said." This condition is known as distortion and is due to 

 

many factors. As a general rule, distortion occurs only in the 

 

audio-frequency circuits. Distortion may be caused by a defec-
tive tube, a defective battery, a defective loud speaker, a broken-
down by-pass condenser across the output or, what is the most 

 

common cause of distortion, overloading of the tubes. A soft 

 

or gassy tube will cause distortion, but this defect in a tube is 

 

rarely encountered in standard makes of tubes. A weak or defec-
tive C battery is also a very common cause of distortion and' will 

 

be evidenced by a tendency of the amplifiers to squeal. A •"B" 

 

battery whose voltage has dropped 25 per cent. will often cause 

 

distortion and may be accompanied by a continuous high pitched 

 

squeal. Audio-frequency transformers of poor quality and design 

 

will cause distortion. This is generally indicated by the inability 

 

of the amplifiers to reproduce the extremely high and low musical 

 

tones. A transformer in which the leads have been soldered with 

 

a corrosive flux will cause distortion a short time prior to the 

 

time when the corrosive action of the flux causes the winding to 

 

open. Overloading of the amplifier tubes is evidenced by a 

 

blasting of the loud tones of the program. This is particularly 

 

true on local reception. The customer should be instructed to 

 

watch the overloading of the tubes and if the blasting does occur, 

 

he should detune his set slightly so as to reduce the volume to 

 

the point where the tubes will function properly. It is quite 

 

possible with the multi-tube sets used today, when installed in 

 

the vicinity of a powerful broadcasting station, to impress on the 

 

grid of the last tube in a series, sufficient voltage to swing the 

 

grid voltage beyond the limits of the straight line portion of the 

 

characteristic curve. Increasing the "C" battery potential or volt-
age on the amplifier tubes will tend to reduce this blasting. But 

 

this is not recommended as good practice because of the possi-
bility of increasing the negative potential to such a point as to 

 

cause distortion when the tube is operating with normal volume. 

 

A great many amplifiers in receiving sets use a fixed condenser, 

 

ranging from the values of 0.002 to 0.006, connected across the 

 

loud speaker terminals. This condenser is known as a "by-pass" 
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cu►ldenser and is subjected in t,llis part, of the circuit t„ 1 oll,idl r-
able peak voltages. Shoadd this condew ol. I'Iail, it 11i.�t 1,r11 d sib u:cl 

 

will result. If, on servicing, t.bis coedit ion is 11111 :11111 all till. 

 

foregoing ite►ns have been checked with no results, r1 t,l:ll.e thi.s 

 

bi-pass condenser, as a potential) breakdown ill tl1i, 11111 11 11^1 r i,� 

 

rather difficult to test for unll•„ 1;aboraltorN, eltuipill •lit i, :11•:lil-
able. Both these conditions call for the rvp]itrelnent of the 

 

transformers. 

 

"It is loud enough, but very noisy. There is 1t continuoals, 

 

cackling, rasping or scratching sound in the loud speaker." 'Phis 

 

may be the result of any one of many causes. Interference from 

 

either atmospheric or local sources is the most conunon cause of 

 

this defect. By local sources we refer to such apparat►1s as 

 

X-ray machines, violet-ray machines,, electric railway systems, 

 

elevator controls, leaky power lines or transformers, automatic 

 

telephone switching lines, telegraph lines, and local telegraph 

 

stations in the vicinity of the receiver. 

 

In checking noises in a radio'receiver, the first problem should 

 

be to determine whether this is being picked up on the at►tenna 

 

or the loop, or whether it is originating in the set itself. In order 

 

to check this on a set employing an antenna, adjust the receiver 

 

to a point where the interference or noise is present. Then re-
move the antenna and ground connections from the receiver and 

 

note whether or not the noise ceases. If there is a great decrease 

 

in the volume of the noise when the leads are disconnected, it i� 

 

safe to assume that the noise is emanating from an outside source. 

 

If a loop set is employed, disconnect the loop and place it 

 

short length of wire, not over four inches in length, in place of the 

 

loop. If the noise ceases when the loop is removed, it may be 

 

safely assumed that the noise originates at some outside source. 

 

However, if the noise persists after the pick-up circuit, either 

 

loop or antenna, is removed, it is safe to assume that the noise 

 

is originating in the set itself. The noises referred to in the fore-
going are those which are present at all times, particularly when 

 

none of the controls are being moved. Noises within the set 

 

itself may be caused by one of the following items: 

 

A defective tube. 

 

Dirty tube contact. 

 

Defective battery. 

 

Defective loud speaker. 

 

Dirt on loud speaker diaphragm. 

 

Defective battery contact or a loose connection. 

 

The defective tube should be replaced by a tested one. The 
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tube contacts should be cleaned with a piece of emery cloth or 

 

fine sandpaper. Make sure to remove all traces of grit before 

 

replacing the tube. Make sure the contact springs of the sockets 

 

are clean and are making good contact to the contact pins of the 

 

tube. A defective battery will also cause many noises in a 

 

receiving set. The batteries should be checked in the following 

 

manner: Connect a pair of headphones across the outside ter-

minals of each individual battery, and note the sound in the 

 

head phones. If there is a boiling or frying sound in the head 

 

phones when they are connected in this manner, it is an indication 

 

of a defective battery, and batteries showing such defects should 

 

not be used in a radio set. A loose or defective battery connec-

tion will also cause a set to be noisy. A loud speaker with a 

 

defective winding will also cause disagreeable noises. Dust and 

 

dirt accumulations on the loud speaker diaphragm will cause the 

 

set to appear noisy. A condition might arise where the dia-

phragm of the loud speaker becomes loosened, causing it to rattle 

 

when actuated by the incoming signal. Loud speaker defects 

 

generally necessitates a factory repair. A transformer winding 

 

which is deteriorating will cause a hissing or a frying sound in 

 

the amplifier. A loose connection in any part of the receiver, and 

 

the loud speaker, which is subject to vibration when the loud 

 

speaker is operating, will also cause the set to be noisy. In order 

 

to definitely locate the origin of noises in the receiver, use a pair 

 

of head phones and plug them in in place of the loud speaker. 

 

This will immediately determine whether the noise is originating 

 

in the loud speaker. If the noise persists with the phones plugged 

 

in the last stage of amplification, plug into the first stage, if a 

 

jack is provided, and repeat the process, plugging into the detec-
tor circuit. If but a single jack is provided, and this jack is con-
nected in the output of the audio-frequency amplifiers in order to 

 

determine whether or not the noise is originating in the audio-

frequency-amplifiers, connect the telephones in series with the 

 

detector "B" battery lead. In that way, you may determine 

 

whether or not the noise is originating ahead of the detector or 

 

in the audio-frequency amplifiers. Once the source of the noise 

 

is determined, it requires very careful checking of the various 

 

parts and connections in the circuits responsible. 

 

"Set operates satisfactorily except when any of the controls 

 

are moved; it is very noisy." This condition indicates directly a 

 

defective connection caused by a mechanical failure. A defective 

 

tube will sometimes cause this condition, and is apparent when 

 

a rheostat is moved or the set is subjected to mechanical vibra-



.558 LEE MANLE1 AND N'. IS. "AloTV 

 

t ion. If the noise persists when any of the Ili her controls 711
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Moved, such as condensers lulu coils, it is fill lilt liclll.ioll t.hl►1, I Iwre 

 

is it mechanical failure which is causing it defective elecll-will 

 

connection. Dust, Iuul dirt Itecucuuhtt if►►►s on the condenser 

 

plates will cause noises to be hefu•d wheel the condensers are 

 

rotated. The plates should be cleftned with an ordinfuy pipe 

 

cleaner. A bent condenser plate touching the ul,pu,ite asselnI)IN, 

 

will also cause this condition. Some Variable comle►►,ers are con-
structed so that the electrical contact is made t lu•ough it frictioll 

 

washer or through the friction of the rotor shlcft to the bushing. 

 

This type of contact is quite satisfactory when the condenser is 

 

new, but after a long period of operation the pao, wefu•, decrefcs-
ing the friction, resulting in an indifferent contact wl►ich will fit 

 

times cause the set to . appear noisy, particularly so 11'I,en the 

 

circuits of the receiver are tuned to resonance. verilicr drive 

 

shafts that have become worn through use will cause the sets to 

 

be noisy when the circuits are in resonance. Weak contacts in 

 

telephone jacks will also cause this condition. 

 

"The signal is garbled. We cannot clear ill) the speech." 

 

This is generally caused by a defective oscillation control. 1�:ither 

 

a defective tube, a defective potentiometer or the neutralizing 

 

capacity out of adjustment will generally be found to be the 

 

direct cause. Of course, this applies only to receive►:, cfuploying 

 

radio-frequency amplifiers ahead of the detector tube. If tills 

 

condition is met in a single tube receiver it is generally clue to 

 

the fact that such signal is too weak fully to actuate the detector 

 

tube. In the case of multi-stage radio-frequency aniplifieis, this 

 

is a rather difficult problem to service. If it be caused by It 

 

defective tube, which it rarely is, then matters are Simplified 

 

The balanced or neutralized type of set employs neutralizing 

 

capacities for oscillation control. The so-called reflexes and un-
tuned radio-frequency circuits use the potentiometer and in 

 

addition introduce losses in the radio-frequency transformers. 

 

Some of the straight tuned radio-frequency amplifiers employ a 

 

rheostat for each tube, some a single rheostat and a potenti-
ometer; others a variable series resistance in the grid circuit of 

 

the first tube. There is another class that employs ingenious 

 

arrangements of wiring and parts to take advantage of stray 

 

capacities and interlocking stray fields, which have a tendency 

 

to prevent free oscillation. Certain other sets, it would appear, 

 

leave it entirely to chance and hope that it won't oscillate. 

 

The sets in the latter two groups present very trying service 

 

problems. 
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The effect of this garbling condition is generally only apparent 

 

on extremely weak signals. It is generally impossible to eliminate 

 

entirely the whistle or carrier wave, and as a result, you receive 

 

a combination of voice or music, as the case may be, combined 

 

with the lower pitched tones of the carrier wave. Interchanging 

 

tubes in the radio-frequency sockets will sometimes lessen the 

 

tendency to oscillate, as there is some slight variation in the 

 

oscillating characteristics of the tubes, particularly after the 

 

tubes have been in operation for any length of time. 

 

In the case of the failure of balanced or neutralized receivers, 

 

it is necessary to readjust the neutralizing capacities to their 

 

proper values. This particular service is rather difficult and 

 

should only be attempted as a last resort. It is not likely that 

 

these neutralizing capacities will vary a great deal from the 

 

original setting, unless the set has been abused or has been sub-

ject to physical damage. In the case of sets employing a poten-
tiometer for oscillation control, this condition is extremely rare 

 

except when signals are received that are so weak that their 

 

modulated power is not sufficient to actuate the grid of the first 

 

tube in the series. It should always be remembered that a 

 

carrier wave of a broadcasting station is heard at a much greater 

 

distance from the station than is the audio-frequency modulation 

 

which is impressed on the wave. Sets employing individual tube 

 

control rarely have this trouble. The types of receivers using 

 

circuit arrangements and placements may be corrected by adjust-
ing a single wire, but the problem is to find that wire. It is 

 

generally a grid wire and is, as a rule, oddly shaped and takes 

 

apparently a roundabout way to get where it belongs. Reducing 

 

the radio-frequency "B" battery voltage will help correct this 

 

condition. 

 

The last type mentioned, where no apparent means are used to 

 

prevent oscillation, are generally found in very cheap sets, where 

 

the poor grade of material used introduces so many losses that 

 

it would be difficult to make them oscillate. Occasionally a set 

 

of this type oscillates and causes this condition and the only 

 

possible correction lies in tube interchanging and reduction of 

 

the radio-frequency "B" battery voltage. 

 

"It is too loud on the loud speaker." This complaint is 

 

rare, but is sometimes heard. It is generally due to an effort 

 

to reduce the cost of the receiver, with the result that a tele-
phone jack in the first stage of amplification is omitted, and for 

 

the same reason no provision is made for volume control. The 

 

only remedy for this condition is to reduce the voltage of the 
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is had. 

 

"When 1 take my Band :twlty frool the sel. 1 l014�4 I bl• signal.' 

 

This effect is known its it "body ca1►al•il Y" effect 111141 i,, 1►rin111r11) 

 

clue to pour design, it poor ground eoclnecl iml, tir it I► m. eirl ll
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design. All sets should be equipped with grounded uu•taill" 

 

shields. In addition, wherever possible, the shltfts of Ow cl►nl x411 

 

knob should be electrically connected to this shield. 11' this Is 

 

not, possible, the low potential side of the variotl- apintrattts 

 

should be connected to the control knobs. tionle sett have Igor 

 

circuit design which prohibits the use of it grounded shield, and 

 

in cases of this kind, body capacity effects are quite disltgreeal,le 

 

and persistent. (rounding of the "A" battery will sometimes be 

 

helpful in eliminating body capacity effects, but it should be 

 

first determined whether or not there is a connection bet +v1 ell 

 

the ground terminal and the filament circuit within the set it�1 Il. 

 

For example, if the positive filament circuit is connected to 1111-
ground terminal, the "A" battery should be grouncleci at the pusi-
tive terminal. If the ground terminal of the receiver is connected 

 

to the negative side of the filament circuit within the set, the 

 

negative terminal of the battery should be grounded. In sets of 

 

proper design in which shields have been incorporated and bully 

 

capacity is present, we would suspect that the shield has become 

 

disconnected from the ground or battery circuit within the set. 

 

"There is a frying sound in the set." This condition 

 

may be brought about by a defective battery, defective 

 

tube, a ground in the loud speaker, a defective battery con-
nection, a transformer that is burning out or in the case of a set 

 

employing a gas type 200 detector tube, an excessive "I3" voltage 

 

on this tube. The defective tube may be located by replacing 

 

the tubes with tested ones. The defective battery should be 

 

checked with head phones as described previously. A defective 

 

loud speaker may be tested by replacing same by head phones. 

 

All battery connections should be tightened. A defective trans-
former may be determined by a similar test that is used to locate 

 

a defective battery, except that a battery that is O.R. is used 

 

and connected in series with the telephones and the winding of 

 

the transformer under suspicion. 

 

"When I touch the panel there is a ringing sound." This is 

 

invariably due to a microphonic tube and may be eliminated to 

 

a certain extent by interchanging the tubes until the best com-
bination is had. The detector and audio-frequency amplifier 

 

tubes are the principal offenders in this connection. In sets 
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employing dry cell operated tubes such as the WD or WX11 

 

or the UV or UX199, this condition is exaggerated unless the 

 

tube sockets are properly cushioned. There is a certain degree 

 

of this condition present in all receivers, even under normal 

 

conditions, and it is another reason why radio manufacturers 

 

are inclining more and more to the cushion type socket suspension 

 

"There is a squealing sound in the set all the time." This con-
dition may be caused by a defective tube, one that has become soft 

 

or gassy. It may be due also to a defective "B" or "C" battery 

 

that has dropped in voltage more than 25 per cent. A burned-
out primary winding of a transformer, or an open telephone jack 

 

in the audio-frequency circuit will cause this squealing. Another 

 

cause may be the result is the heterodyning of two transmitting 

 

stations, or it may be the effect of a nearby receiver interfering 

 

with the one in use, however, under the last conditions the squeal 

 

will be present at certain definite places on the dial, whereas in 

 

the case of a defective battery, tube, transformer or jack, it is 

 

continuous throughout the entire scale reading. 

 

"There is a buzzing sound like a motor boat. There is a 

 

clicking sound in it." This is a general indication of an open grid 

 

circuit. The frequency may vary from one click a minute to a 

 

very high pitched note. If the grid leak should become loosened 

 

from its clips, this sound will generally result. If a "C" battery is 

 

used, a poor connection or broken connection to this battery will 

 

give the same result. If none of these conditions appear to be the 

 

difficulty, it will be necessary to make a continuity test from the 

 

grid contact spring of each socket to the filament circuit. 

 

"When I touch anything on the set a rattling sound sets up or 

 

the set will sometimes go dead and a jar will restore it." This is 

 

caused primarily by a loose connection either in one of the tubes 

 

or in the connection of the circuit. Investigation of every con-
nection and friction contact in the set should be made. It is well 

 

to replace the tubes with tested ones in order to eliminate the tube 

 

as a factor. A loose shield or a loose venier shaft will give these 

 

results; particularly so when the circuit is tuned to resonance. 

 

"It works in the detector jack, but does not operate in the 

 

first or second stages." If the A battery connections to the 

 

amplifier are properly made, this condition is probably due to a 

 

defective telephone jack in the detector circuit or a burned-out 

 

primary winding of the auto-frequency transformer connected in 

 

the detector circuit. 

 

"It works in the first stage audio-frequency amplifier, but does 

 

not operate in the second stage." This is due to a similar reason 
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as previously given. It is cllused by it defective tell- ►h''II1. Jack 

 

or t.rarfsforufer ill the first audio-flecltuency circuit. 

 

"The tubes fail to light.'' This condition may be brought 

 

about, by a defect ivv A batter N•, or a defective A battery connec-
tion. It may also be due to a fcu►lty battery switch that fails to 

 

stake proper contact. In the sau►e way it rheostat that does nol, 

 

slake proper contact will ca.usc t•he saule cffecl.. Any loose con-
nection in the A battery circuit of the set may cause failure of the 

 

tubes to light. If this condition exists only on one or two tubes, 

 

it is in all probability due to it burned-out fillulle►►t. A dirt\, 

 

contact on the tube will sometimes eause the failure of it tube to 

 

light. If the contact springs of the socket do not make a firm 

 

contact to the tube pins,this condition ►flight, also occur. If dry 

 

cells are used, check to see that the individual cells are connected 

 

in the circuit with the proper polarity. If one or more of the cells 

 

are connected with reversed polarity, full voltage will not be had 

 

at the tube terminals. 

 

In general, the service men should follow a procedure some-
what along these lines. Light the tubes and tune the receiver to 

 

the point where the best local station generally is received. 

 

Note the volume on the loud speaker, if one is used. If 

 

the volume is weak, tap the tubes with the finger-nail to 

 

determine whether or not the audio-frequency amplifiers 

 

are operating satisfactorily. If the amplifier is working satis-

factorily, a ringing sound will be heard in the loud speaker. 

 

If this ringing does not result, check the polarity and 

 

voltage of the various batteries, and replace all defective ones. 

 

Inspect the connections of the batteries, and if this does not result 

 

in satisfactory reception, try replacing the tubes. If no sound at 

 

all results, immediately replace the loud speaker with the head 

 

phones to determine whether or not the loud speaker is defective. 

 

If no results are obtained, turn off the A battery switch and re-
move the tubes, and by means of a voltmeter, check the voltage 

 

between the filament and plate contact springs of each socket. 

 

If satisfactory indications are had and no signal is heard, repeat 

 

with a similar operation between the grid and filament contacts, 

 

using a pair of head phones in series with a 22%-volt battery in 

 

place of the voltmeter. Rather decided clicks should be heard, 

 

when contact is made in each instance with the exception of the 

 

detector grid. Because of the fact that in the detector circuit, 

 

a high resistance grid leak is used, the click will be rather weak. 

 

One of the foregoing tests will most probably check up the dif-

ficulty and the obvious repair show i be made. 
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We will make a brief analysis of the various types of parts that 

 

are commonly used in radio broadcast receivers, as to their pos-
sible defects. The common practice in tuned radio-frequency 

 

circuits today, is to use the air-core type of transformer. These 

 

coils are generally wound on some form of tubing. Some manu-
facturers, depending on the adhesive quality of the binder to hold 

 

the wires in shape, do not use any type of tubing for support. 

 

These coils are generally wound with a relatively heavy wire, and 

 

are not subject to electrical failures. They may be connected 

 

into the circuit improperly, but as a unit are not subject to dif-
ficulties. Trouble is sometimes experienced with transformers 

 

of this type that have no supporting tubing, due to mechanical 

 

collapse. In some cases the windings may be wound on card-
board or fibre tubing, which has not been made impervious to 

 

moisture, and during the periods of humid weather these absorb 

 

enough moisture to cause high resistance short circuits of the 

 

winding. 

 

Vario-couplers and variometers are constructed along the 

 

same lines, and are subject to similar defects. However, because 

 

of the fact that a vario-coupler or variometer has a moving ele-
ment in it, some form of flexible connection is generally em-
ployed to bring out the connections of the moving coil. These 

 

flexible connections, because of mechanical movement, are sub-
ject to fracture. If no flexible connection is employed, and the 

 

contact is made through the friction of the rotor to a bushing on 

 

the stator, after long periods of use the friction may decrease, 

 

and reduce the effectiveness of the connection. These movable 

 

parts should be inspected for mechanical failure. The primary 

 

or fixed coil of the coupler is sometimes tapped, and leads taken 

 

off. Check to see that these leads are properly soldered, and not 

 

short-circuited or open. 

 

A second type of radio-frequency transformer used is the so-
called untuned transformer. This consists of a core of either iron 

 

or air around which is placed a bobbin with two inductively-
coupled windings wound on it; one is primary and one is 

 

secondary. Because of the relatively low potentials and weak 

 

currents present in the radio-frequency circuits, they are not 

 

subject to failure to any great degree. Occasionally one will find 

 

a winding of one of these transformers burned out, but the per 

 

tentage of such failures is rather small. 

 

Audio-frequency transformers are similar in their general 

 

construction to radio-frequency transformers. The resistance of 

 

the primary winding is about 1,000 ohms, and the resistance of 
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the secondary is frou► 2 to 6,000 ohn►s. to order to get till, I.c. 

 

quired t urns ill it limited space the used is very fins•. Beeali 

 

of the relatively high enrrents passing through thy•--• windings, 

 

they are more subject to fail►u•e than is the case wit li I he radio 

 

frequency trar►sfo►•►r►ers. 1":Lilures generally occur ;11 Lhe poind 

 

where the lead wire is soldered to the evil of the wJ11,lir►g. 'fills 

 

is particularly true when a corrosive flux is used in ,oIlleriug. 

 

Transformers may be tested by ineas►n•i►►g the resistance of 

 

the individual windings. A quick check may be had by connect-
ing it 22%-volt battery to the windings and noting by the spark 

 

at the contact whether or not the circuit is continuous. Because 

 

of the high resistance of these windings it short circuit of the 

 

"B" battery will rarely cause a burn-out. 

 

Variable condensers are, to our mind, the principal cause of 

 

trouble in a radio set. In this case it is particularly true t 1lal 

 

the troubles increase as the quality decreases. We have coverer I 

 

a good many points of possible failure and for that reason we will 

 

make but one addition. Most condensers use an oil or grease 

 

to reduce the friction in the bearings. This oil or grease, as the 

 

case may be, accumulates dirt and dust very rapidly and in 

 

condensers where the electrical contact is made through the 

 

friction of this bushing, these dirt and dust accumulations 

 

cause poor contact. Any moving part in a condenser that is 

 

not making a firm, clean contact will cause the set to be noisy 

 

when the circuits are in resonance. 

 

In order to test for a short circuit in a variable condenser it 

 

is necessary to disconnect it from the circuit. The quickest test 

 

and the most satisfactory is to connect a source of 110 volts in 

 

a series with an electric lamp across the condenser. Notate the 

 

condenser to its entire range and note the points of contact. Any 

 

short circuit will cause the lamp to light, and the exact point of 

 

short will be indicated by sparking. 

 

Should the rotor assembly for any reason get out of alignment 

 

so much as to cause the rotor plates to touch the stator plates, 

 

it will be necessary to adjust the end thrust bushings so as to 

 

re-align the rotor assembly. 

 

Fixed condensers of good quality rarely go bad or break down 

 

as the potentials generated in a radio receiver are as a rule far 

 

below the breakdown potential of the condensers. Cheap, fixed 

 

condensers, particularly those using fibre in their construction, 

 

are subject to climatic conditions and absorb moisture very 

 

readily. This causes high losses in the circuits in which the con-
denser is used. To test a fixed condenser it is generally necessary 
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to free it from the circuit, then connect a 90-volt B battery in 

 

series with a pair of head phones and make a contact across the 

 

terminals of the condenser. The first contact should cause a 

 

loud click to be heard. Remove the contact and count ten slowly, 

 

and make a second contact. If, on the second contact, little or 

 

no click is heard in the phones, such a condenser may be con-
sidered as perfect. If the second contact gives the same volume 

 

of click as the first contact, there is a high leakage in this con-

denser and it should be replaced. We might say in this connec-
tion that the contactors of the test just outlined should be 

 

properly insulated so that they do not come in contact with the 

 

hands or any part of the circuit. In testing a grid condenser it is 

 

necessary to remove the grid leak, as in most cases the grid leak 

 

is connected directly across the condenser, forming a permanent 

 

leakage path. The foregoing test is applicable to the testing of 

 

variable condensers and the same procedure may be followed. 

 

In making such a test the variable condenser should be set at 

 

maximum capacity. 

 

Grid leaks are difficult to test without the necessary laboratory 

 

equipment and we would suggest that if there be any doubt in 

 

the service man's mind he should replace these. 

 

Multi-point switches very seldom give electrical trouble, ex-

cept when the tension of the contact spring weakens; this may 

 

cause a high-resistance contact. If the shaft of the switch is pig-
tailed, check the pigtail, making certain that it is intact. 

 

Check also the soldered connections to the contact points of 

 

the switch, making sure that the contact connections are firm and 

 

clean. 

 

Telephone jacks, filament control jacks, and battery switches 

 

constructed along the lines of a telephone jack are often sources 

 

of trouble. The contact springs may become weakened and dust 

 

and dirt accumulate on the contact points causing the failure of 

 

the jacks or switch, as the case may be, to close the necessary 

 

circuits. Faulty jacks are the cause of a large percentage of the 

 

failure of amplifiers to operate properly. To check these, plug 

 

the telephones in and out of the jack very slowly and observe just 

 

how the springs should function. If the springs do not close the 

 

circuits as they should, bend the offending spring down or up as 

 

required to insure firm contact. It would be well to draw a fine 

 

piece of emery cloth across the contact points to brighten them up. 

 

The principal difficulty which may be experienced with 

 

rheostats is that due to a faulty contact between the contact and 

 

the resistance winding. Burn-outs of the rheostat are very rare. 
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1'ot,entiometcrs are sul,ject to the sarlie difficulty in Hie 1111if f er 

 

of contact as is the rheostat. lu making any adjustouent.s on 

 

receivers in which it potentiometer is rased, it is well to set the po-
tentiometer at the half-way mark while making these adjust-
ments. Potentiometers are subject to burn-outs. To check for 

 

a burn-out, place it pair of head phones in series with it battery 

 

and connect one side of this test lead to the center terimnal to the 

 

potentiometer which is generally connected to the contact arill. 

 

Place the contact arm at the center of the winding and make con-
tact to each of the other binding posts in turn. 

 

Binding posts sometines cause trouble due to loosening of the 

 

screws. All binding-post screws should therefore be tried and if 

 

found loose, should be firmly seated. 

 

Crystal. detectors, which are used principally today in the so-
called reflex type of circuit, sometimes fail because of dirt accumu-
lations on the surface of the crystal. Occasionally the crystal 

 

may be burned out by an accidental short circuit. To restore a 

 

dirty crystal, use a non-alkaline soap and a tooth brush. Scrub 

 

the surface of the crystal thoroughly and rinse in cold water, 

 

removing all traces of soap. 

 

In this connection we might say that considerable service is 

 

experienced on reflex sets that fail to give results, and the crystal 

 

is generally found to be the cause. Fixed crystals are not entirely 

 

satisfactory. 

 

The foregoing is a brief review of some of the most 

 

frequent troubles that may occur in the radio receiver. There 

 

may be a few troubles that apply to a single type of receiver 

 

which have been omitted, but such will be characteristic of that 

 

particular type. In conclusion, we would repeat: Test all sets 

 

before sale and be truthful in the matter of results that may be 

 

expected. Do not lead the customer to believe that he will be 

 

able to receive California any time he desires. Advise him also 

 

of the probable length of life of his batteries. To the service man: 

 

ask questions and analyze the defects before you commence 

 

operations. A few judicious questions will oftimes save consider-
able work and create a more favorable impression with the 

 

customer. 

 




