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GENERAL INFORMATION
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Board of Editors. Copies are sent without additional charge to all members
of the Institute. The subscription price to nonmembers is $10.00 per year,
with an additional charge for postage where such is necessary.

ResponsiBILITY. It is understood that the statements and opinions given in the
ProceEEDINGS are views of the individual members to whom they are
credited, and are not binding on the membership of the Institute as a whole.
Papers submitted to the Institute for publication shall be regarded as no
longer confidential.

REPRINTING PROCEEDINGS MATERIAL. The right to reprint portions or abstracts
of the papers, discussions, or editorial notes in the PRocEEDINGS is granted
on the express condition that specific reference shall be made to the source
of such material. Diagrams and photographs published in the PRocEEDINGS
may not be reproduced without making specific arrangements with the
Institute through the Secretary.

Manuscriprs. All manuscripts should be addressed to the Institute of Radio
Engineers, 33 West 39th Street, New York City. They will be examined by
the Papers Committee and the Board of Editors to determine their suita-
bility for publication in the PrRocEEDINGS. Authors are advised as promptly
as possible of the action taken, usually within two or three months. Manu-
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APPLICATIONS FOR MEMBERSHIP

Applications for transfer or election to the various grades of membership
have been received from the persons listed below, and have been approved by the
Admissions Committee. Members objecting to transfer or election of any of
these applicants should communicate with the Secretary on or before December
30, 1933. These applications will be considered by the Board of Directors at its
meeting on January 3, 1934.
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China Shanghai, ¢/o Anderson Meyer & Co., P.O. Box 265 . ..Chu, M. C.
England Bristol, 6 Cotham Lawn Rd... . . .........Pinto,C.
Halifax, 7 Wade St.. ... ... Lo . .. Jackson, F. 8.
London N. W. 3, 39 Glenmore Rd., Belsize Par .. Jayasekara, D. P.
London S. W. 17, 30 High St., Tooting... ... .. Jones, S. L.
Mayford, Woking, Mayford Villa.......... ..Anderson, C. A.
Portsmouth, Hants., 149 Eastney Rd.... ..Thomas, W. J.
France Viarmes (8 & O) 36 rue aux Fees. . Wybrands, K.
New Zealand Kaitaia, North Auckland. .. . . . .Snelgar, . J.
New Brighton, Christchurch, 174 Baker St.. . Watkins, E. K. C.
North Wales Colwyn Bay, Plas Cadnant, Woodland Park ..Parry, L.
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Sweden Lidingo 2... .. .. .. ... ...... . ..Brigge, G. A.

For Election to the Junior Grade
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Massachusetts Cambridge, ¢/o Superintendent’s Office, 69 Massachusetts Ave.

) ) . Maximoff, B. S.
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Minneapolis, 516 OntarioSt.S. E... ... Newhouse, A. B.
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INSTITUTE NEWS AND RADIO NOTES

November Meeting of the Board of Directors

The November meeting of the Board of Directors was held on the
8th at the Institute office in New York City, and was attended by
L. M. Hull, president; Melville Eastham, treasurer; 0. H. Caldwell,
Alfred N. Goldsmith, R. A. Heising, J. V. L. Hogan, C. M. Jansky,
Jr., F. A. Kolster, R. H. Manson, F. L. Nelson, H. M. Turner, A. F.
Van Dyck, William Wilson, and H. P. Westman, secretary.

G. T. Royden was transferred to the Fellow grade, . H. McIntosh,
H. G. Miller, and O. F. Mingay were transferred to the Member grade
and G. L. Davies, F. H. Hulme, W. H. Orton, and R. H. Taylor were
admitted directly to the grade of Member. Thirty-four applications for
Associate grade, one for the Junior grade, and two for the Student
grade of membership were approved.

The report of the Tellers Committee was accepted, and the follow-
ing declared elected:

For President 1934 C. M. Jansky, Jr.

For Vice President 1934 Balth. van der Pol, Jr.

For Directors 1934-1936 Arthur Batcheller
Alfred N. Goldsmith
William Wilson

Dr. Goldsmith was reappointed the Institute’s representative on
the Standards Council of the American Standards Association and the
secretary was appointed alternate representative thereon.

A gift of approximately $2000 was presented to the Institute for
such use as the Board of Directors may decide. This sum is the balance
of an account which remained after the dissolution of “Associated
Radio Manufacturers,” an advisory group originally formed some
years ago. The use to which this fund will be put will be determined
later after the matter has been given careful consideration.

In a discussion of the operation of the Industrial Relations Com-
mittee, it was agreed that the membership of the committee should be
expanded and a number of names of suitable members were discussed.

The Emergency I'mployment Service continues in operation and
during the month of October located five permanent and ten temporary
positions for members registered with it. Twenty-five additional mem-
bers registered bringing the total registration to 668. Employers de-
siring engineers or technicians are urged to take advantage of this
gervice which is maintained without charge to either employers or
prospective employees. Members hearing of available positions will be

1621
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assisting the Institute and their fellow members by bringing such in-
formation to the attention of the secretary.

Committee Work

INpUSTRIAL RELATIONS COMMITTEE

A luncheon meeting of the Industrial Relations Committee was
held at the Chemists Club, New York City, at 1:00 r.Mm. on November
8. Those present were: L. M. Hull, chairman; O. H. Caldwell, C. M.
Jansky, Jr., and H. P. Westman, secretary.

The committee discussed its organization and considered in a pre-
liminary fashion certain problems which are to be given its attention
when the personnel of the committee has been expanded.

NEW York ProGrRAM COMMITTEE

The New York Program Committee held a meeting on October 26
at the Institute office. Those present were C. W. Horn, chairman;
H. H. Beverage, I. S. Coggeshall (representing E. R. Shute), H. C.
Gawler, L.. C. F. Horle, F. B. Llewellyn (representing R. A. Heising),
and H. P. Westman, secretary.

The past several meetings in New York were reviewed and prepara-
tions made for meetings to be held in December and January.

MEMBERSHIP COMMITTEE

The Membership Committee held a meeting on November 8 at the
Institute office. H. C. Gawler, chairman; IXnox Mecllwain of the
Philadelphia Section, C. R. Rowe, E. W. Schaefer and Jack Yolles
(representing David Grimes), were present.

Consideration was given to the drafting of a message to the mem-
bership to stimulate the obtaining of new members.

Radio Transmissions of Standard Frequencies

The Bureau of Standards transmits standard frequencies from its
station WWYV, Beltsville, Md., every T uesday except legal holidays.
The transmissions are on 5000 kilocycles per second. The transmissions
are given continuously from 12 noon to 2 p.M., and from 10:00 p.M. to
midnight, Eastern Standard Time. The service may be used by trans-
mitting stations in adjusting their transmitters to exact frequency, and
by the public in calibrating frequency standards, and transmitting and
receiving apparatus. The transmissions can be heard and utilized
by stations equipped for continuous-wave reception through the
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United States, although not with certainty in some places. The ac-
curacy of the frequency is at all times better than one cycle per sec-
ond (one in five million).

From the 5000 kilocycles any frequency may be checked by the
method of harmonics. Information on how to receive and utilize the
signals is given in a pamphlet obtainable on request addressed to the
Bureau of Standards, Washington, D.C.

The transmissions consist mainly of continuous, unkeyed carrier
frequency, giving a continuous whistle in the phones when received
with an oscillating receiving set. For the first five minutes the general
call (CQ de WWV) and announcement of the frequency are trans-
mitted. The frequency and the call letters of the station (WWYV) are
given every ten minutes thereafter.

Supplementary experimental transmissions are made at other
times. Some of these are made at higher frequencies and some with
modulated waves, probably modulated at 10 kilocycles. Information
regarding proposed supplementary transmissions is given by radio
during the regular transmissions.

The Bureau desires to receive reports on the transmissions, es-
pecially because radio transmission phenomena change with the season
of the year. The data desired are approximate field intensity, fading
characteristics, and the suitability of the transmissions for frequency
measurements. It is suggested that in reporting on intensities, the
following designations be used where field intensity measurement ap-
paratus is not used: (1) hardly perceptible, unreadable; (2) wealk,
readable now and then; (3) fairly good, readable with difficulty; (4)
good, readable; (5) very good, perfectly readable. A statement as to
whether fading is present or not is desired, and if so, its characteristics,
such as time between peaks of signal intensity. Statements as to type
of receiving set and type of antenna used are also desired. The Bureau
would also appreciate reports on the use of the transmissions for pur-
poses of frequency measurement or control.

All reports and letters regarding the transmissions should be ad-
dressed to the Bureau of Standards, Washington, D.C.

Incorrect Addresses

On pages VII, VIII, and IX of the advertising section of this issue
will be found the names of those members of the Institute whose cor-
rect addresses are not known. It will be appreciated if anyone having
information concerning the present addresses of any of the persons
listed will communicate with the Secretary of the Institute.
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Proceedings Binders

Binders for the PrRocEEDINGS, which may be used as permanent
covers or for temporary transfer purposes, are available from the
Institute office. These binders are of handsome Spanish grain fabrikoid,
in blue and gold. Wire fasteners hold each copy in place, and permit
removal of any issue from the binder in a few seconds. All issues lie
flat when the binder is open. Each binder will accommodate a full
year’s supply of the ProcEEDINGS, and they are available at one
dollar and seventy five cents (%1.75) each. Your name, or PROCEED-
INGS volume number, will be stamped in gold for fifty cents (50¢)
additional.

1933 Index

Following page 1763 of this issue there will be found an Index for
the year 1933. This is divided into three parts: First, there is a Chrono-
logical Index; second, an Authors Index; and third, a Subject Index.

Institute Meetings

BUFFALO-N1AGARA SECTION

A meeting of the Buffalo-Niagara Section was held at the Uni-
versity of Buffalo on October 26. L. Grant Hector, chairman, presided
and the attendance totaled thirty-two.

A paper by H. E. West, district engineer of the American Tele-
phone and Telegraph Company on the subject of “Relations of the
Telephone Company to Network Broadeasting” was presented. The
subject was treated from the standpoint of the character of the lis-
tener’s interests and the facilities provided to fulfill or stimulate this
interest. The telephone network used in broadcasting and the devel-
opment and improvements to keep it technically in line with devel-
opments in broadcast transmission were described. The paper was
closed with details of special lines, cables, and associated apparatus
used for broadeast services. A general discussion followed.

CHICAGO SECTION

R. M. Arnold, chairman, presided at the October 27 meeting of the
Chicago Section held in the auditorium of the Western Society of
Engineers. :

A paper on “Radio Circuits Applied to New Uses” was presented
by Keith Henney of the publication staff of “Electronics.” The paper

-
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was based upon the application of typical radio circuits for such de-
vices as amplifiers, oscillators, and rectifiers for application to non-
radio uses such as production testing, industrial control, electrical, and
physical measurements. A number of examples of the use of radio cir-
cuits for industrial and commercial purposes were presented. It was
pointed out that radio engineers should not ignore these new services
which are being required as they are in particularly advantageous posi-
tions to supply the necessary technical services in the adaptation of
electronic tubes for other than the communications industry.

Messrs. Arnold, Hoag, Mathias, and Rodriguez participated in the
discussion of the paper. The attendance at the meeting totaled 100.

CINCINNATI SECTION

A meeting of the Cincinnati Section was held on September 26 at
the University of Cincinnati. W. C. Osterbrock, chairman, presided
and the attendance totaled seventy-five.

A paper on “Loud Speaker Theory, with Comments on Phases of
Hearing” was presented by F. W. Kranz of the Magnavox Company.

Dr. Kranz devoted most of his paper to the relation between the
electrical and mechanical systems of a loud speaker. He showed the
mathematical equivalents used to determine electrically the mechani-
cal action of a speaker and to treat the mechanical system as an
equivalent electrical system to determine its performance. He closed
his paper with a brief historical sketch of various theories of hearing
and their plausibility.

The October meeting of the Cincinnati Section was held on the
17th for the presentation of a paper on “WLW’s New 500,000-Watt
Transmitter” by J. A. Chambers, technical director of WLW and
WSAI The meeting was held jointly with the Cincinnati Section of the
American Institute of Electrical Iingineers and was presided over by
L. C. Nowland, chairman of that organization.

The first portion of the meeting was an inspection trip to the new
WLW transmitter located at Mason, Ohio. Small groups were formed
and supplied with guides who conducted them through the building
explaining the various items of interest. The new 830-foot vertical
antenna which is now being used attracted considerable attention.

After visiting the station, the meeting was adjourned to the studios
of WLW in Cincinnati where Mr. Chambers presented a paper on the
technical side of radio broadcasting. Starting with the program as it
originates in the program committee, he traced its course through
artist selection, continuity department, rehearsals, and the final per-




1626 Institute News and Radio Notes

formance. He then outlined the present studio set-up and the new

transmitter which is being installed.
Approximately 200 were present at both the transmitter and the

studio.
CONNECTICUT VALLEY SECTION

A meeting of the Connecticut Valley Section was held at the Hotel
Charles in Springfield, Mass., on October 26. H. W. Holt, chairman,
presided and thirty-six members and guests were in attendance.

The first speaker at the meeting was L. F. Curtis, chief engineer
of the United American Bosch Corporation, who reported on the na-
tional convention held in Chicago in June. He discussed not only the
number of technical papers which were presented but covered certain
committee meetings which were held.

A paper on “Electron-Coupled Oscillators” was then presented by
M. R. Briggs of the Westinghouse Electric and Manufacturing Com-
pany. The author discussed first the use of master oscillator arrange-
ments in general, and pointed out their utility and applicability. The
cause of frequency instability with changes in load or operating volt-
ages was analyzed mathematically, and the superiority of the elec-
tron-coupled type of oscillator treated. Examples cited showed fre-
quency changes of less than 0.0025 per cent with twenty per cent
changes in operational voltages easily realized; the equivalent factor
for the usual master oscillator is 0.025 to 0.04 per cent. There was then
considered the performance of different types of tubes in electron
coupled circuits ranging from the 24A through the 865 and the 850 to
the 860. This latter tube seems to be ideal, combining high power out-
put with excellent frequency stability. The paper was concluded with
the description of a special triode Colpitts circuit comparable in fre-
quency stability as regards changes in operating voltages but which
is inferior to the electron coupled oscillator in respect to a changing
load.

In the discussion which followed, J. J. Lamb described an oscil-
lator combining crystal control and electron coupling. B. V. K. French
pointed out difficulties in connection with the operation of tube
cathodes at radio-frequency voltages above the heater potential in
electron-coupled circuits. Frequency shifts due to interchanging of
tubes of the same type was discussed, and the maximum change was
indicated as being of the order of 0.02 per cent.

DETROIT SECTION

The Detroit News Conference room was the place in which the
October 20 meeting of the Detroit Section was held. In the absence of
the chairman, A. B. Buchanan presided. .
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A paper on “Universal Radio Receivers” was presented by R. P.
Wuerfel. The speaker presented a brief history of the development of
receivers for home use and described the various developments which
made possible the universal alternating—direct-current receiver. After
a short discussion of the first universal receivers and their difficulties
such as excessive heat and heater-cathode insulation breakdown, the
limitations of the sets were considered. The public acceptance of this
type of receiver was considered unusual and much beyond early ex-
pectations.

A number of the forty-five members and guests in attendance par-
ticipated in the discussion which covered to a large extent a résumé of
recent developments which will contribute to a more ideal broadcast
recelver.

NEw YORK MEETING

The November New York meeting of the Institute was held on the
sth in the Engineering Societies Building, and was presided over by
President Hull.

A paper on “High Quality Radio Broadcast Transmission and Re-
ception” was presented by Stuart Ballantine, President of the 3oonton
Research Corporation of Boonton, N. .J. The author presented the re-
sults of a detailed survey of the current American broadcast system
from microphone to loud speaker, principally from the viewpoint of
frequency and amplitude distortion. The main difficulties and
sources of distortion in the system were pointed out and remedies sug-
gested.

A special program was broadcast from WABC through the co-
operation of the Columbia Broadcasting System and permitted the
demonstration of high quality reception. The program as reproduced
by the receiver was compared directly with the reproduction obtained
from a high fidelity amplifier operated directly from a short telephone
line between the station studio and the Engineering Societies building.
The effects upon fidelity of transmitting a program Over approxi-
mately 2000 miles of telephone circuits were shown. The time required
for transmission over this long line was audibly demonstrated by repro-
ducing a program originating in New York by means of a high quality
receiver and comparing it with the output of the telephone circuit
which was passed through a suitable amplifier and separate loud
speaker. On speech, a very definite delay was apparent.

The attendance at the meeting was 650.

SAN FrRANCISCO SECTION

A meeting of the San Francisco Section was held on October 18 at
the Bellevue Hotel. A. H. Brolley, vice chairman, presided.
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A paper on “Servicing of Broadcast Receivers” was presented by
Charles Herbst, Jr. A general discussion followed the presentation of
the paper and a special demonstration of new 16-millimeter sound
film was given. The attendance at the meeting totaled forty-two, and
eight were present at the informal dinner which preceded it.

SEATTLE SECTION

The Seattle Section held a meeting on September 30 at the Uni-
versity of Washington. H. H. Bouson, chairman, presided, and the
attendance was seventy-five.

A paper on “Mercury-Vapor Tubes” was presented by A. V. East-
man of the University of Washington. The speaker first outlined the
characteristics of various types of filaments and their suitability for use
in high vacuum rectifier tubes as well as in low voltage gaseous recti-
fiers, commonly used in charging storage batteries. Other characteris-
tics of these two types of rectifier tubes were covered and it was shown
how a mercury-vapor tube retains the desirable features of each
while avoiding their disadvantages.

Typical circuits for mercury-vapor rectifiers were given, and the
relation of peak inverse to output voltage discussed. The develop-
ment of the heat-shielded cathode and the importance of correct bulb
temperature and its influence on gas pressure was then discussed.

The action of the grid in a mercury-vapor tube was deseribed. An
experimental set-up using a type 54 thyratron was used to demon-
strate grid control with both alternating- and direct-current plate
power. The control by shifting the phase of the grid voltage was also
demonstrated. The meeting concluded with a general discussion chiefly
concerned with the characteristics and applications of mercury-vapor
tubes.

The October meeting of the Seattle Section was held on the 27th
at the University of Washington with H. H. Bouson, chairman, pre-
siding.

A paper on “The Government Monitoring Station at Portland,
Oregon” was presented by R. H. Landsburg who has been in charge of
this station since it was placed in operation a few years ago. A general
schematic layout of the station was presented, and the method of
checking the frequency of broadeast stations was described. A thirty-
kilocycle crystal was used as a secondary standard, and multivibra-
tors were driven from this source to give frequencies of 0.1, 1.0, and
100 kilocycles. By using multiples of these frequencies and a calibrated
audio oscillator broadeast stations in the northwest and Alaska may be
checked within an accuracy of a few cycles. In closing, the speaker
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pointed out that commercial and amateur stations were checked peri-
odically including short-wave stations as far Fast as New York.
The meeting was attended by forty-two members and guests.

W ASHINGTON SECTION

A meeting of the Washington Section was held on October 12.
H. Gi. Dorsey, chairman, presided, and the attendance was forty-two.
Thirteen were present at the informal dinner held prior to the meeting.

“Sound Recording on Sixteen-Millimeter Film” was the subject of
a paper by E. W. Kellogg of the RCA Victor Company. In it, the
speaker outlined the development of sound moving pictures, the
recording of sound of film, and the problems encountered in the de-
sign of satisfactory equipment for recording on sixteen-millimeter
film. The quality of recording and reproduction on the smaller film
was compared with that obtainable with thirty-five-millimeter film.

A sixteen-millimeter sound on film projector and a compact light-
weight camera were then described. The camera was adapted for direct
recording by the installation of a microphone in its back. No amplifying
equipment was necessary. Another model of camera for use in record-
ing sound other than the voice of the person operating it was also
discussed. A demonstration was given to show the quality of repro-
duction obtainable when the original recording was on thirty-five-
millimeter film and was reduced for sixteen-millimeter use as well as

when the original recording was done directly on sixteen-millimeter
film.

Personal Mention

Formerly with the Motorvox Company, A. C. Bernstein has be-
come chief engineer for H. Wall of Paris, France.

H. W. Byler previously with the RCA Victor Company has become
factory superintendent for the Philco Storage Battery Company in
Philadelphia.

G. A. J. Glover is now chief engineer for Mobile Broadcasting
Service of Melbourne, Australia, having formerly been connected with
['irth Brothers.

C. J. Larsen formerly consulting engineer for the American Tele-
phone and Telegraph Company has joined the Research Department of
Associated Tlectric Laboratories of Chicago

Formerly with the Jewell Flectrical Instrument Company, .J.

Remde is now director of the Service Instruments Laboratories of
Chicago, Il
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H. M. Threlkeld previously with the Grigsby-Grunow Company
left to join the engineering staff of General Household Utilities Com-
pany of Chicago, IlI.

W. H. Wenstrom, Lieutenant USA, has been transferred from Fort
Monmouth to California Institute of Technology, Pasadena, Calif.

H. L. Byerlay formerly with the Michigan Bell Telephone Com-
pany has joined the faculty of Lawrence Institute of Technology at
Highland Park, Mich.

H. L. Griffiths has left Marconi’s Wireless Telegraph Company to
join the staff of the DBritish Broadecasting Corporation staff at Tats-

field, Kent, England.
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TECHNICAL PAPERS

A STUDY OF TELEVISION IMAGE CHARACTERISTICS*

By

E. W. ENGSsTROM
(RCA Vietor Company, Ine., Camden, New Jersey)

Summary—An investigation was carried out to obtain quantitative informa-
tion on the several characteristics of television images, particularly those relating to
image detail. The tests were conducted largely through the use of equivalents so as to
provide sufficient range of measurement. Such data are of value in establishing op-
erating standards, determining satisfactory performance, and tn guiding develop-
ment work. It was found possible to define satisfactory television image characteris-
tics for those items studied. The resulls are given in such form as to be readily appli-
cable to practical conditions.

INTRODUCTION

ECAUSE of the lack of quantitative measures of performance,
I% expression of the degree of satisfaction provided by a television
image has been bounded on one hand by the optimism or con-
servatism of the observer, and on the other hand by the practical
limitations which prevent for the moment an increase of picture detail,
picture steadiness, picture illumination, picture contrast, and frame
repetition frequency. It is the purpose of this paper to describe in-
vestigations made regarding some of these picture properties.

Picture detail is determined by the quantity of information that
the entire system can handle in a given time. Also, the communication
band is proportional to the frame repetition frequency. (Frame repeti-
tion frequency determines steadiness of action and picture flicker.)
Optical, sensitivity, and transformation problems are present in the
pick-up gear and become apparent as attempts are made to go beyond
present practical limits. Somewhat similar problems are present in
the reproducing elements. These limits are contingent upon the par-
ticular state of the art, and, therefore, are constantly receding and
yielding to development.

Since the frequency band required is proportional to the quantity
of information to be transmitted, the limitations of the electrical chan-
nels must be considered. These problems include the ability to handle
wide frequency bands and to provide space in the radio spectrum

* Decimal classification: R583. Original manuscript received by the Insti-
tute, February 20, 1933.
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for television channels. This may be illustrated by the following table
for certain conditions which are stated.

Aspect Ratio 1.33 (4X3).
Frame Repetition Frequency 24 per second.
Picture Frequency

It is assumed that the picture resolution along the scanning line is ap-
proximately the same as the width of the scanning line (square picture ele-
ments) and that each picture element (of maximum resolution) requires one-
half cycle for transmission in elemental form. The maximum picture fre-
quency, therefore, determines the steepness of wave front of change in con-
trast along the scanning line.

It is also assumed that pictures will be transmitted for ninety per cent
of the total time, the remaining ten per cent being necessary for control

funections.
, . Maximum
. . Maximum g
S hrine Elomonss l Picture | Commaniie tion

| Frequency ‘ Band
60 4,798 } 63,970 127,900
120 19,200 256,000 512,000
180 43,190 l 576,000 1,152,000
240 76,780 1,024,000 2,048,000
360 172,800 2,302,000 4,604,000
480 307,100 4,094,000 8,188,000

The limitations present in the electrical circuit are also determined
by the state of the art at any particular time, and, therefore, are sub-
ject to advances as a result of development. It is probable that the
ultimate limit may be the space available for television channels in the
radio spectrum.

GENERAL CONSIDERATION OF IMAGE CHARACTERISTICS

Determination of satisfactory picture quality in television images is
difficult because of the inadequacy of present television apparatus for
such a study and because the reactions involved are largely psycho-
logical and physiological. During the growth of television detail, as the
development work has progressed, improvement of picture quality
has been noted, for example, through stages of a, 2a, 3a, and 4a scanning
lines, where 4a represents the present practical limits. We are not in a
position to work with and study 5a, 6a, etc., scanning lines in such a
determination. Therefore, in studies of picture detail, picture size, and
viewing distance, many subterfuges have been used.

Because of the wealth of detail, extreme ranges of brightness, and
contrast in nature, the eye tends to demand image resolution up to
the acuity and perception limits of the eye. We have, however, become
accustomed to certain compromises in these image characteristics
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through long association with paintings, photographs, projected trans-
parencies, and other forms of reproduction, because of the limitations
of these agencies of reproduction.

The perception of form or acuity of the eye is usually defined as the
minimum angular separation which permits resolution of two point
objects. For the average normal eye this approximates one minute of
arc for that portion of the field which falls on the fovea of the retina.
Other measures include minimum dimensions for seeing a point, line,
or separation between two lines or groups of lines, change of contour,
ete. Some of these become rather indefinite if the object is self-lumin-
ous. Other eye characteristics of interest in such a study include per-
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ception of movement, perception of contrast, color vision, color
sensitivity, perception of light, and effects of flicker.

Elementary studies of some properties of vision may be made
through the use of the chart indicated by Fig. 1. This chart includes
a group of patterns which may be obtained from the scanning system
used in television. The numbers under each group indicate the total
number of scanning lines for the height of the chart. This chart assumes
equal horizontal and vertical resolution for the groups of five figures
to the left of the chart. It also assumes that the scanning lines will
coincide with the detail structure (of same width as scanning line) of
the chart scanned, so as to provide the greatest possible detail in the
chart reproduced for a given number of scanning lines. The fine grating
to the right of the chart indicates the scanning line paths. No particu-
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lar attempt was made to avoid optical illusions, but it is believed
that the figures are sufficiently free to avoid mistakes in judgment.

Relationship of picture size, picture detail, and viewing distance,
is of interest in studying television images. This relationship may be
approached from theoretical considerations of providing sufficient de-
tail to satisfy the acuity of the eye. We may start with the definition of
acuity for the average normal eye (one minute of arc for that portion
of the field which falls on the fovea of the retina). This is justified even
though the image may be so large as not to be included within the
relatively small field of most acute vision, since the eye naturally tends
to explore the entire image, and the image is, therefore, subjected in all
its parts to the finest resolution of the eye.
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90 Distance between Centers
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80 [—tf
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B. 1 Minute of Arc
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50
40
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2 4 6 8 10 12 14 16 18 20 22 24

VIEWING DISTANCE IN FEET

Fig. 2

Since the resolving properties of the eye are so definitely tied up
with the type of detail to be analyzed, we shall choose for this theoreti-
cal consideration a very specific definition of acuity. For this example
we shall use two black lines separated by a white space equivalent to
the width of one of the lines, such as the pairs of lines in the groups to
the left of the chart. If such lines, for a particular viewing point, are
separated so that the distance between them subtends an angle to the
eye of one minute, then the average eye will be able to see them as two
lines. At greater viewing distances the two lines will blur into one. In
order to keep our discussion in terms of scanning lines, the curve to
follow will be plotted in terms of scanning lines against viewing dis-
tances. For the two horizontal lines it is necessary to have one scanning
line for each line and one scanning line for the space between lines.
Since, by definition, the space between lines must subtend an angle of
one minute, then the width of each scanning line or, in other words,
the distance between centers of scanning lines, also subtends an angle

«
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of one minute. Fig. 2 includes a calculated curve indicating for various
viewing distances the number of scanning lines per inch required for
a one minute of arc separation between centers of scanning lines. For
later reference, curves are also shown for one-half-minute and two-
minute arc distances between centers of scanning lines.

In using these curves it is necessary to understand the span or
variation of eye acuity for different people. For the type of detail we
are considering, this span is probably from approximately one-half
minute to approximately one and one-half minutes—one minute being
used as the average. This is pointed out specifically because of this
wide variation and the difficulty of dealing with a definite average
value.

By inspection of this curve (the one-minute curve) we are able to
determine (within the scope of our definition) the amount of detail
in terms of scanning lines for still images at various viewing distances
for the “average eye.” If, for viewing distance X, the curve indicates
that Y scanning lines should be provided, then the eye will be satisfied
at this viewing distance for a detail of ¥ scanning lines. For closer
viewing distances and Y scanning lines, the eye will not be satisfied
since the picture structure will be pronounced, resulting in “lack of de-
tail.” For greater viewing distances and Y scanning lines, the eye will
be satisfied from the standpoint of detail, but more detail is available
than required by eye acuity.

In order to make some practical tests, a number of observations
were made using charts of the type shown in Fig. 1. Three charts were
used—one two and one-half inches high, the second five inches high,
and the third twenty inches high—so as to provide an effective range
of scanning lines of from 60 to 480. Tests were made by three people
having good vision and having no known eye defects. The tests were
conducted by placing the charts on a wall at eye level in a room having
uniform daylight illumination (mainly sky light since the sun did not
strike the windows). The illumination at the chart was between 20 and
40 foot candles. The contrast on the charts was the maximum possible
in a normal photographic print.

The pairs of lines to the left of the chart were used to obtain data
for the first curve. For each degree of “scanning line detail” a viewing
distance was chosen at which the two lines could just be resolved ; at
greater distances the two lines blurred into one. At this same viewing
distance the group of horizontal and the group of vertical lines (the
second and third groups of figures from the left) could just be resolved
into lines; at greater distances they blurred into a uniform gray. The
curve plotted in Fig. 3 is the average for the three observers. A curve
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was plotted for resolving the two squares, a part of the fourth group
from the left (the two squares at the left, just above the checkerboard
pattern). A curve was plotted for resolving the checkerboard pattern,
in the lower half of the fourth figure from the left. A curve was also
plotted for the crossed lines, the fifth figure from the left. In this case
the viewing distance chosen was the point at which the line structure
could just be seen; at greater viewing distances the line structure was
missing, and the cross appeared to be made up of two straight lines of
constant width. All of the curves were plotted using the average view-
ing distance for the three observers. An interesting point noted from
the observations was the consistency of the viewing distances chosen.
Two of the observers picked viewing distances very nearly the same.
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The third observer picked viewing distances slightly greater (10 to 20
per cent). In the case of the third observer, this difference was con-
sistent for all of the tests. These curves indicate the range of satis-
factory viewing distances for the types of detail chosen. In general,
the detail types probably do not cover the extremes, but do cover at
least the average range encountered in scanned television images. Some
interesting deductions may be made by comparing these data with
the theoretical curves for one-half, one, and two minutes of arc separa-
tions between center lines of scanning paths. For convenience these
curves are shown in Fig. 4, superimposed. The data from the observa-
tions are indicated by a dark band including the span between the test
for the two lines and the test for the crossed lines of the previous curves.
The one-half-, one-, and two-minute arc curves are shown as solid lines.
The data presented in Fig. 4 indicate that the types of detail on which
the tests were made require, for any chosen viewing distance, a range
of from a little over one-half minute to g little less than two minutes of




Engstrom: Television Image Characteristics 1637

arc separation between centers of scanning lines. It is also indicated
that the average acuity of the three observers is above that of the
“average eye”’—near the upper limit of acuity. From the standpoint of
these tests and the tests to follow, this is a safe condition because, for
any viewing distance, detail satisfactory to this group of three ob-
servers will certainly be satisfactory to the average observer.

In viewing reproductions the observer tends to position himself
so that he is satisfied regarding the information and the effect he
wishes to obtain. (The position or viewing distance for greatest resolu-
tion is about eight to ten inches for the average person.) Because of
habit and experience we have learned to temper our acuity demands.
The following generalizations are of interest, and are given in terms of
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general experience rather than technical knowledge. When viewing
a painting we rather unconsciously choose a position where the brush
stroke detail becomes unnoticeable, and where we obtain the effect the
artist wished to convey. We have learned that a newspaper illustration
contains only a certain amount of detail, and that such illustrations
will not bear close inspection. We also know in general what to expect
from motion pictures of the theater and home types. We, further,
know that good photographs go beyond the acuity limits of the eye,
and that the field may be optically enlarged to improve the resolution.
Other examples could be given, but the above are sufficient to illustrate
the effect of experience on the average person.

The value of the above curves is to indicate the maximum useful
detail from the standpoint of eye acuity, assuming favorable condi-
tions for all other related factors. For a particular viewing distance, the
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amount of detail required in a reproduction (still image) is dependent
upon the type of information to be conveyed by the picture. Since this
varies, it is safe to assume that, for limiting conditions, detail cor-
responding to that indicated by the curves should be provided. For
average conditions and for general use it is also safe to assume that
sufficient satisfaction can be provided by considerably less detail than
that indicated. This is verified by the various types of printed reproduc-
tions.

DETERMINATION OF SCANNING LINES, PICTURE SIZE,
AND VIEWING DISTANCE FOR TELEVISION IMAGES

It is difficult to interpret television image quality in terms of the
relationships discussed. The first reason for this is that television
images are the result of scanning at the pick-up end which introduces
an aperture effect, and at the reproducing end the aperture effect is
introduced for the second time. This results in a definite and peculiar
line and detail structure. Detail along each line is dependent upon the
ability of the system to reproduce changes in contrast. The second
reason is that television images are made up of rapidly superimposed,
individual pictures much the same as motion pictures. The third reason
is that television images usually include motion having certain con-
tinuity. The effects of motion will be taken up more in detail later in
the paper.

Photographs have been made which consist of scanned reproduc-
tions of an ordinary photograph or scene. These, therefore, have pic-
ture structures which correspond to television images and are useful in
studies of the character outlined by this paper. Such scanned reproduec-
tions are usually limited in the number of scanning lines possible by
much the same reasons that a television system is limited in the num-
ber of scanning lines unless elaborate apparatus is specially constructed.
Other forms of reproductions have been used to simulate television pic-
ture structures. Such methods of comparison are, naturally, limited to
inspection of one picture frame and, as such, a still image.

In television we are concerned with moving images and with a sue-
cession of movements or scenes which have certain continuity. Also,
the vision is aided by sound accompanying the picture. Because of the
wide gap between a stil] picture of certain detail and a television re-
production having the same equivalent detail, it is difficult to draw
any definite information regarding the number of scanning lines de-
sired for a particular condition from any of the methods of study which
have been discussed. These methods are helpful in preliminary studies,
but fall short when an attempt is made to draw general conclusions.
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Motion in a picture directs the observer’s interest to the object or
objects in motion. Under these conditions the eye requires less detail
than for a still picture, assuming that the detail is sufficient so that
the purpose of the movements may be understood. Proper use of this
may be made in television in the choice of “story action” and choice of
background for the action. Also, in an image which is the result of
scanning at the pick-up end, motion of the objects being scanned
positions these objects for particular frames in favorable relation to be
analyzed and reproduced when these objects are small and approach
in at least one dimension the size of the scanning beam.

For a more complete study of television image, it seems necessary
to have available the ability to produce image reproductions which
have picture structures equivalent to television, controllable illumina-
tion, controllable size, flicker frequency equivalent to television, and
capacities for subjects which will be used in television. It is also de-
sirable to cover a range of picture detail equivalent to television images
of 60, 120, 180, 240, and even larger numbers of scanning lines. These
equivalents should be so made that they represent nearly perfect pic-
ture structures for the detail included. This seems desirable so as to
avoid mistakes in judgment. Also, it will permit study with images
equivalent to the more advanced stages of television which will later be
attained as a result of continued development. Such an experimental
set-up will allow reasonable determination of several related picture
properties—picture detail, picture size, and viewing distance.

As has been pointed out, it is impracticable to make use of tele-
vision systems for this study. This is because of limitations in our
ability at present to produce television images with sufficient detail,
illumination, and size for this investigation and to have these char-
acteristics variable. We must, therefore, resort to suitable equivalents.
A motion picture film having a picture structure equivalent to a tele-
vision image provides a very flexible means for carrying out this work.
Such a method was chosen, and the procedure used will be described.
There are numerous ways in which such a film may be made, but the
method used for this investigation is flexible and presents only a reason-
able amount of preparatory work.

In the system of television that we are considering, the scanning
paths are horizontal and the beam progresses from left to right (when
facing the ohject or reproduction) and from top to bottom. The scan-
ning beam is usually round or square in cross section. Since the scan-
ning beam has width in the direction of the scanning path, a certain
form of distortion is introduced. This is known as aperture distortion,
and has heen adequately treated in the general television literature.
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This much has been indicated about the image characteristics because
we shall later make comparisons between the structure of a television
image and the motion picture equivalents we are to use.

The equipment used in making sixteen-millimeter motion pictures
with detail structure equivalent to television images consisted es-
sentially of a thirty-five-millimeter to sixteen-millimeter optical re-
duction printer. A system of optics was interposed hetween the two
picture gates for the purpose of breaking up the picture image into
small areas, each of which was uniformly illuminated, and which
transmitted the same total quantity of light as a corresponding area
in the picture image. A diagram of the optical system is shown in Fig. 5.
The filament of an incandescent lamp 1 is focused by means of conden-
ser lenses 2 upon a corrected lens 4. Lens 4 in turn forms an image of
the thirty-five-millimeter picture aperture 3 on the plane surface of
condenser lens 7. The equivalent of thousands of tiny spherical lenses 6
are placed directly in front of lens 7. Each of the tiny lenses forms an
image of aperture 5. The plane containing the many images of aperture
5 1s brought to focus upon the sixteen-millimeter aperture 9 by means
of a corrected lens 8. Condenser lens 7 makes it possible for lens 8 to
collect an equal quantity of light from each of the images formed by
lenses 6. The horizontal dimension of the rectangular aperture 5 is
such that the sides of the images formed by lenses 6 just touch, thereby
forming continuous bands of light in the horizontal direction. The
dimension of aperture 5 in the vertical direction is narrower, thereby
producing narrow dark spaces between the horizontal lines formed.
This was done to simulate television image lines. The image at aper-
ture 9 of a motion picture film at aperture 3 is broken up by this optical
system into as many elementary areas as there are lenses or equivalent
lenses in 6, each of which contains no detail within itself. By adjusting
the reduction ratios of lenses 4 and 8, and by having sufficient equiva-
lent lenses at 6, it is possible to vary the number of picture elements.

Since it would have been quite difficult actually to obtain the
thousands of minute spherical lenses, an approximate but more prac-
tical scheme was resorted to. It is known that two crossed cylindrical
lenses are very nearly equivalent to a single spherical lens. Thus, it
would be quite possible to approximate the required condition by cross-
ing two layers of fine glass rods, the rods being in actual contact with
each other. Fortunately, an even simpler solution was found. Koda-
color film is embossed with minute cylindrical lenses having focal
lengths of about 6 mils. By crossing two pieces of Kodacolor film with
the embossed surfaces in contact, very satisfactory results were ob-
tained. The focal lengths of the equivalent spherical lenses formed by
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crossed Kodacolor film were so short that the size of aperture 5 would
have had to be larger than the diameter of lens 4. This condition was
corrected by forming a cell made up of two pieces of Kodacolor film
crossed, and filling the space between the embossings with a trans-
parent solution having an index of refraction greater than air and less
than the index of the film base. By varying the index of refraction of
this transparent solution, it is possible to make the lenses have any
desired focal length from 6 mils to infinity.

L_i¢
Fig. 5

The Kodacolor cell and lenses 4 and 8 were arranged in a suitable
mounting and mounted on the reduction printer between the thirty-
five-millimeter aperture and the sixteen-millimeter aperture. Arrange-
ments were provided for adjustment of these various lenses. The
subject matter was taken from a thirty-five-millimeter positive print.
The first printing operation gave a sixteen-millimeter negative having
the desired picture structure. A sixteen-millimeter positive was then
made by printing from the negative in a sixteen-millimeter contact
printer. The sound was transferred in the usual manner.

Films were made up for a variety of scenes and subjects. These, in
general, included:

Head and shoulders of girls modeling hats,
Close-up, medium, and distant shots of a baseball game,
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Medium and semiclose-up shots of a scene in a zoo,
Medium and distant shots of a football game,
Animated cartoons,

Titles.

These were assembled for one group with all scenes of the same detail
(line structure) on the same run of film. For another group these were
assembled with each scene progressing from 60- to 240-line structure.
The pictures made included:

60-line structure,
120-line structure,
180-line structure,
240-line structure,
Normal projection print.

It was planned at the start to produce pictures having detail struc-
tures greater than 240 lines, but it was found that limitations, mainly
in film resolution, prevented this. The resolution of the sixteen-milli-
meter film used was naturally considerably greater than a 360-line
structure, but, with the averaging process used in producing each small
section of the picture, the resolution was not sufficient to prevent
merging of one section into the next. Later determinations made from
viewing these films indicated that the 240-line structure pictures were
sufficient for the purposes of the investigation since the results were of
such a nature that the relationship could be extended to higher num-
bers of scanning lines.

Samples of three picture frames are given as Figs. 6, 7, and S.
These are all enlargements from the sixteen-millimeter negatives and
include structures of 60, 120, 150, and 240 lines, and, also, a normal
photographic enlargement. Tt is interesting to note how near the 240-
line structure approaches the normal enlargement in picture quality.

An RCA Photophone sixteen-millimeter sound projector equip-
ment was used in projecting these films. The light cutter in the
projector was modified so as to interrupt the light only during the
time that the film was being moved from one frame to the next by
the intermittent movement. This modification consisted in removing
one blade from the light cutter. The light was, therefore, cut off once
per frame, giving for these tests a flicker frequency of 24 per second.
The films were shown to several groups of people, using projected pic-
ture sizes 6, 12, and 24 inches high. The major reaction from these
showings was the expression of satisfaction obtained from viewing pic-
tures 12 inches high and larger in comparison to smaller pictures.

-
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Medium and semiclose-up shots of a scene in a zoo,
Medium and distant shots of a football game,
Animated cartoons,

Titles.

These were assembled for one group with all seenes of the same detail
(line structure) on the same run of film. For another group these were
assembled with each secene progressing from 60- to 240-line structure.
The pictures made included:

60-line structure,
120-line structure,
180-line structure,
240-line struecture,
Normal projection print.

It was planned at the start to produce pictures having detail struc-
tures greater than 240 lines, but it was found that limitations, mainly
in film resolution, prevented this. The resolution of the sixteen-milli-
meter film used was naturally considerably greater than a 360-line
structure, but, with the averaging process used in producing each small
section of the picture, the resolution was not sufficient to prevent
merging of one section into the next. Later determinations made from
viewing these films indicated that the 2-40-line structure pictures were
sufficient for the purposes of the investigation since the results were of
such a nature that the relationship could be extended to higher num-
bers of scanning lines.

Samples of three picture frames are given as Figs. 6, 7, and S.
These are all enlargements from the sixteen-millimeter negatives and
include structures of 60, 120, 180, and 240 lines, and, also, a normal
photographic enlargement. It is interesting to note how near the 240-
line structure approaches the normal enlargement in picture quality.

An RCA Photophone sixteen-millimeter sound projector equip-
ment was used in projecting these films. The light cutter in the
projector was modified so as to interrupt the light only during the
time that the film was being moved from one frame to the next by
the intermittent movement. This modification consisted in removing
one blade from the light cutter. The light was, therefore, cut off once
per frame, giving for these tests a flicker frequency of 24 per second.
The films were shown to several groups of people, using projected piec-
ture sizes 6, 12, and 24 inches high. The major reaction from these
showings was the expression of satisfaction obtained from viewing pic-
tures 12 inches high and larger in comparison to smaller pictures.
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Medium and semiclose-up shots of a scene in a zoo,
Medium and distant shots of a football game,
Animated cartoons,

Titles.

These were assembled for one group with all scenes of the same detail
(line structure) on the same run of film. For another group these were
assembled with each scene progressing from 60- to 240-line structure.
The pictures made included :

60-line structure,
120-line structure,
180-line structure,
240-line structure,
Normal projection print.

It was planned at the start to produce pictures having detail struc-
tures greater than 240 lines, but it was found that limitations, mainly
in film resolution, prevented this. The resolution of the sixteen-milli-
meter film used was naturally considerably greater than a 360-line
structure, but, with the averaging process used in producing each small
section of the picture, the resolution was not sufficient to prevent
merging of one section into the next. Later determinations made from
viewing these films indicated that the 240-line structure pictures were
sufficient for the purposes of the investigation since the results were of
such a nature that the relationship could be extended to higher num-
bers of scanning lines.

Samples of three picture frames are given as Iigs. 6, 7, and 8.
These are all enlargements from the sixteen-millimeter negatives and
include structures of 60, 120, 180, and 240 lines, and, also, a normal
photographic enlargement. It is interesting to note how near the 240-
line structure approaches the normal enlargement in picture quality.

An RCA Photophone sixteen-millimeter sound projector equip-
ment was used in projecting these films. The light cutter in the
projector was modified so as to interrupt the light only during the
time that the film was being moved from one frame to the next by
the intermittent movement. This modification consisted in removing
one blade from the light cutter. The light was, therefore, cut off once
per frame, giving for these tests a flicker frequency of 24 per second.
The films were shown to several groups of people, using projected pic-
ture sizes 6, 12, and 24 inches high. The major reaction from these
showings was the expression of satisfaction obtained from viewing pic-
tures 12 inches high and larger in comparison to smaller pictures.
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Medium and semiclose-up shots of a scene in a zoo,
Medium and distant shots of a football game,
Animated cartoons,

Titles.

I'hese were assembled for one group with all scenes of the same detaj]
(line structure) on the same run of film. For another group these were
assembled with each scene progressing from 60- to 240-line structure.
The pictures made included:

(0-line structure,
120-line structure,
180-line structure,
240-line structure,
Normal projection print.

It was planned at the start to produce pictures having detail struc-
tures greater than 240 lines, but it was found that limitations, mainly
in film resolution, prevented this. The resolution of the sixteen-milli-
meter film used was naturally considerably greater than a 360-line
structure, but, with the averaging process used in producing each small
section of the picture, the resolution was not sufficient to prevent
merging of one section into the next. Later determinations made from
viewing these films indicated that the 240-line structure pictures were
sufficient for the purposes of the investigation since the results were of
such a nature that the relationship could be extended to higher num-
bers of scanning lines.

Samples of three picture frames are given as Figs. 6, 7, and &.
These are all enlargements from the sixteen-millimeter negatives and
include structures of 60, 120, 180, and 240 lines, and, also, a normal
photographic enlargement. It is interesting to note how near the 240-
line structure approaches the normal enlargement in picture quality.

An RCA Photophone sixteen-millimeter sound projector equip-
ment was used in projecting these films. The light cutter in the
projector was modified so as to interrupt the light only during the
time that the film was being moved from one frame to the next by
the intermittent movement. This modification consisted in removing
one blade from the light cutter. The light was, therefore, cut off once
per frame, giving for these tests a flicker frequency of 24 per second.
The films were shown to several groups of people, using projected pic-
ture sizes 6, 12, and 24 inches high. The major reaction from these
showings was the expression of satisfaction obtained from viewing pic-
tures 12 inches high and larger in comparison to smaller pictures.
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1t will be of interest at this point to record some of the reactions
on how well these films form equivalents of television images. These
reactions were formed as a result of observations and tests made with
the films. The horizontal-line structure was so clearly equivalent that
. we may pass by this without comment. The changes of contrast along
the horizontal “scanning’’ lines for the 60-line structures appeared
somewhat “mosaic” in arrangement. This was because the boundaries
of the individual picture arrangements were determined by the multi-
ple lens arrangement used to produce the image. This effect was not
noticed in 120-line structure or in those of higher detail. The 120-,
180-, and 240-line structures, and also the 60-line structure, except for
the effect explained above, were well suited for study of image detail.
In general a particular line structure on the film was considerably bet-
ter than a television image (as we are at present able to produce them)
of the same number of scanning lines. This is a desirable condition be-
cause the results of the tests will then be in terms of television of an
advanced stage rather than in terms of present capabilities.

In order to obtain some quantitative information, a number of
practical viewing tests were made. These tests were made by the same
three observers who made the tests covered earlier in this paper. For
these observations the same projector equipment as described in a
paragraph above was used (one light interruption per frame). The
projection lamp was operated at rated voltage (normal brilliancy) and
the projection lens was stopped down to give the desired screen illumi-
nation. A screen illumination of five to six foot candles was chosen.
This was measured at the screen, looking toward the projection lens,
and with the projector running, but without film in the picture aper-
ture. This value of sereen illumination, though less than for theatre or
home movies, was chosen because it gives a fairly bright picture and
because it falls within a range to be reasonably expected for television.
For the pictures of various sizes the foot candles of illumination (sur-
face density) was kept the same, varying the total luminous flux in pro-
portion. The stray room illumination was of the general order of one-
tenth foot candle.

Viewing tests were made with projected pictures of various heights,
using the film subjects listed earlier. For pictures of given height and
line structure, observations were made for each type of subject mat-
ter on the film. These data were averaged, and the information used
in the curves to be plotted includes this in terms of an over-all average
for the three observers. In taking the observations, viewing distances
were chosen at which the lines and detail structure became noticeable.
At closer viewing distances the picture structure became increasingly
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objectionable. At the viewing distances chosen the picture detail was
just satisfactory. At greater viewing distances the picture detail was,
naturally, sufficient. It was noted that the type of picture subject did
not influence the viewing distance chosen by more than ten per cent.
This is explainable on the basis that we are determining minimum con-
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Fig. 9

ditions in terms of line and detail structure. Data were taken for pic-
tures 6, 12, and 24 inches high, and for picture structures of 60, 120,
180, and 240 lines, and also for a normal projection print. This in-
formation is given in curve form in Fig. 9.

In order to present these observed data in more general form, the
above curves are shown, in Fig. 10, replotted in terms of scanning lines

100 77—
30 [~
| *oints Taken From Picture
80 1+
= 1 -
%3 & 6" Hi
Z M i e 12 nxgg
= \ % 24 Hign
a4 ® \
2 s | \" A - Two idinutes of Arc Curve
=
a
o +0
-
E 2
x
<
3]
@

]
|
|

| S S S — .
8 10 12 14 16 18 20 22 2¢

VIEWING DISTAKCE IN FEET

Fig. 10

per inch. The curve drawn through the observed points is the two
minutes of arc curve from Fig. 2. This, as explained earlier in the paper,
is a curve between scanning lines per inch and viewing distance where
the dimension between centers of scanning lines subtends an angle to
the eye of two minutes. Because of the correspondence between the

-
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plotted points and the two minutes of arc curve, we shall use this two
minutes of arc curve in our discussion as representing the average re-
sults (for the three observers) for practical viewing conditions.

It is of interest to compare these observed results from viewing the
films of several detail structures, with the observed results of viewing
the chart, Fig. 1, the curves of which are shown in Fig. 4. In the case
of the still chart observations, the average falls on the one minute of
arc curve; in the case of the observed motion picture television equiva-
lents, the average falls on the two minutes of arc curve.

In order to indicate the relative viewing distances for a normal pro-
jection print, the data taken are shown in another graphical form. The
plotted points for picture structures of 60, 120, 180, and 240 lines are
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Fig. 11 A— 60 scanning lines
B—120 scanning lines
(C—180 scanning lines
D—240 scanning lines
E—projection print

the same as for the curves in Fig. 9. The plotted points for a normal
projection print were taken in the same manner as for the other films.
In this instance the viewing distance chosen was where the picture just
began to show loss of detail. Thus Fig. 11 indicates in a general measure
the relative merits of the several picture structures. It also shows how
near the 240-line structure approaches a normal sixteen-millimeter pro-
jection print. In inspecting this chart it will be noted that the observed
data do not entirely check the theoretical acuity conditions. This is
also to be noted by the variation of the points from the theoretical
curve in Fig. 10. An example of this for the chart, I'ig. 11, is that curve
D for 240 lines should indicate viewing distances one half that for curve
B of 120 lines. Curve B for 120 lines and curve A for 60 lines show the
proper one-to-two relationship for viewing distances. It is probable
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that for the higher number of lines the observed data err on the side of
being too “good.”

With a screen illumination of the order used in these tests (5 to 6
foot candles) an increase in apparent detail can be obtained with higher
values of illumination, thereby providing a greater range of contrast.
To determine the general order of this increase, several tests were made
with a screen illumination of 20 foot candles. With this value the ap-
parent picture detail was improved, but also the picture structure
was more pronounced, requiring a choice of viewing distance from
thirty to forty per cent greater than for an illumination of 5 to 6 foot
candles. Since 5 to 6 foot candles is more in keeping with television
possibilities for the next several years, and since the difference in ap-
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parent detail and viewing distance is within the accuracy tolerances of
the generalizations to be drawn, this particular condition will not be
taken into account.

Some interesting data were obtained from direct comparisons of
these projected television equivalents with the same subjects having
“perfect detail.” Two similar projectors were set up so that the pro-
Jected images were side by side on the screen and the illumination of
each the same. One projector was used to project the film having tele-
vision line structure; and the other projector, the same film subjects
but a normal projection print. Observations were made using pictures
of several heights and using the films having picture structures of 120,
180, and 240 lines. Viewing distances were chosen at which the two
sereen images had the same apparent detail. At these viewing distances
the image from the normal projection print had a detail structure be-
yond eye acuity in fineness, and in this sense “perfect.” These viewing
distances might, therefore, be termed “ideal viewing distances” from
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the standpoint of picture detail and structure for the television equiva-
lents. The data taken indicate that this “ideal viewing distance” is
approximately fifty per cent greater than the “minimum viewing dis-
tances” shown by the curves in Figs. 9 and 10. This information 1s
shown in graphical form by Fig. 12.

We have determined from these observations two viewing distances
in terms of picture detail and structure. The first is a minimum viewing
distance, and the second an ideal viewing distance. If the total picture
size were limited, we would, in viewing this picture, tend to approach
it until the picture detail and structure became unsatisfactory. We
would for this condition choose the minimum viewing distance referred
to above. If the total picture size were ample, we would tend to position
ourselves so that we would view it at the ideal viewing distance. This
relationship will be covered more fully later in the paper.

The tests we have made on picture detail are rigorous. We have
set as standards the ability of the eye to see the elements of detail
and picture structure. Another less exacting standard would be the
“ability” of images having various degrees of detail to “tell the desired
story.” In this case the detail required is dependent upon the kind of
story and information to be presented. The detail requirements would
increase as the scenes became more intricate. During the early stages
of development such a standard is useful, but, for obvious reasons,
it is not of a lasting type since it is the eye and the reactions of vision
that must be satisfied. The standards we have used are definite and of
a character which will not become obsolete as the development of tele-
vision progresses.

If we qualify and limit “the ability to tell a desired story” to specific
conditions, the experience we have had with television and these tests
allows us to make some interesting approximate generalizations. 1f we
take as a standard the information and entertainment capabilities of
sixteen-millimeter home movie film and equipment, we may estimate
the television images in comparison.

60 scanning lines entirely inadequate
120 “ « hardly passable
180 “ “ minimum acceptable
240 “ “ satisfactory
360 “ “ excellent
480 “ “ equivalent for practical conditions

This comparison assumes advanced stages of development for each of
the line structures. It relates to the ability of observers to understand
and follow the action and story. It does not relate to the ability to re-
produce titles and small objects.
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We stated earlier in this paper that motion in a picture has an ef-
fect on the apparent detail. There are several reasons for this. The
observer’s interest is directed to the object or objects in motion. The
eye then does not tend to explore the picture step by step, examining
each section critically. Under these conditions the eye requires less de-
tail than for a still picture, assuming that the detail is sufficient so
that the purpose of the movements may be understood. Objects made
up of too few picture elements to recognize while still, may be recog-
nizable and realistic while in motion. A portion of this improvement,
is due to experience on the part of the observer in associating the mo-
tion with things and processes he understands. A portion of the im-
provement is due to more favorable conditions for scanning while the
object is in motion. Another portion of the improvement, as already
stated, is due to concentration of interest around the motion. This
effect is very important in dealing with crude television images, but
becomes minor in images having sufficient detail to satisfy eye acuity.
An image made up of 30 scanning lines, though inadequate for almost
any subject, provides much more satisfactory results for objects in mo-
tion than for still scenes. On the other extreme, a normal sixteen-milli-
meter projected image of a scene including motion is not, in any large
measure, superior to a scene containing no motion. There is, of course,
a decided difference in the center or centers of interest.

Reference to Figs. 6, 7, and 8 will illustrate this. In particular, in
the 60-line print of the baseball scene, the players are about five pic-
ture elements high, and considerable imagination must be used to lo-
cate them. With the same scene in motion the observers can pick out
the players, roughly determine their action, and, in a general sense,
follow the game. In other words, the condition has changed from a re-
production of a scene containing no motion, and which gives practically
no information except that it is a basebail field, to a reproduction of
the same scene in which the players move, and which in general allows
the observers to follow the action roughly. It is apparent from examin-
ing the other prints, particularly as the amount of detail increases, that
reproductions with motion would naturally improve the satisfaction
obtained, but the difference would not be as great and would decrease
as the picture detail improved. Summarizing the effects of motion in
a television image, we may conclude that the major improvement is
that of observer interest. This is true because, to be generally satis-
factory, the image must contain sufficient detail to satisfy eye acuity.
This same condition holds in the case of motion pictures. We are, there-
fore, justified (and safe from the standpoint of results) in discounting
the effects of motion in the generalizations to be drawn from this
analysis.
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Thus far in our investigation we have considered picture detail and
structure and have arrived at certain relationships between number
of scanning lines and viewing distances. We have not taken into con-
sideration the picture size. By reference to the curve in Fig. 10, and
by knowing the total number of scanning lines available for the sys-
tem we are considering, we may readily determine the size of the pic-
ture in terms of height. This does not, however, tell us, at the viewing
distance we have chosen, that the picture will be of a size pleasant
to view. If the picture is too small it will be unsatisfactory because too
fixed an attention will be required for viewing. If the picture is too large
it will be unsatisfactory because too large movements of eyes or head
will be required for viewing. In television, because of the practical
limitations in detail (scanning lines), we are confronted in general with
too small rather than too large pictures. _

In television we use the same ratios of picture width to picture
height (aspect ratio) as in motion pictures (6 to 5, or 4 to 3). In moder-
ately large theaters the distance from the back row of the orchestra
section to the screen does not usually exceed six to seven times the
sereen height. The front row of seats may be as close as one and one-
half to two times the screen height. The choice position is probably at
four times the screen height from the screen. In home movies (where
less detail is available because of the smaller size film) the desired
viewing distances cover a span of from four to eight times the picture
height. Since television, of the type we are considering, is for home en-
tertainment, we shall in this consideration of television picture size
use the accepted ratio of picture height to viewing distance for home
movies (span of one to four—one to eight) in our comparisons. To
make this more specific we shall follow through an example. For this
illustration we shall use a picture one foot high. The desired viewing dis-
tance range is from four to eight feet. Going beyond eight feet, viewing
conditions become decreasingly satisfactory and at twelve feet and be-
yond become quite unsatisfactory. This is based on the assumption
that the same general run of subject matter will be used as for motion
pictures.

We have now accumulated data which allow preparing a chart in-
cluding relationships between scanning lines, picture size, viewing dis-
tance, and desired ratios of picture height to viewing distance. The in-
formation on this chart, which is given as Fig. 13, is based on the ob-
served data recorded in curve form in Fig. 10. Using this “minimum
viewing distance” relation between scanning lines per inch and viewing
distance, the chart in Fig. 13 shows for a number of viewing distances
the picture size—total scanning line relationship. Superimposed on
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this are horizontal broken lines for picture height to viewing distance
ratios of one to four, one to eight, one to twelve, and one to sixteen.
In using this chart we must take into consideration the fact that be-
tween the one-to-four and one-to-eight picture height to viewing dis-
tance lines, the viewing conditions will be satisfactory. As we drop be-
low the one-to-eight ratio line the viewing conditions become less satis-
factory, and below the one-to-twelve ratio line, generally unsatisfac-
tory.

This chart (Fig. 13) includes all the necessary information to de-
termine scanning lines required if viewing distance and picture height
have been decided upon; or picture size, if a certain number of scan-
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Fig. 13—Relationship between scanning lines and picture size for several viewing
distances. Broken lines indicate picture height to viewing distance ratios.

ning lines are possible and a certain viewing distance is desired. The
chart also provides a guide for the desired picture sizes for general view-
ing conditions. To illustrate, we might decide that we wish to view a
television image at eight feet. Starting down the eight-foot viewing dis-
tance line, we find that with 360 scanning lines we may have a picture
twenty inches high. We also learn that the picture height to viewing
distance ratio is a very desirable one. With 240 scanning lines we find
that we may have a picture thirteen and one-half inches high. Here
the picture height to viewing distance is above the one-to-eight ratio
line and, therefore, satisfactory. With 180 scanning lines we may have
a picture ten inches high. We note that we have dropped below the
one-to-eight ratio line, a less desirable viewing condition. At this point
the picture will, in general, be satisfactory for viewing but probably
the minimum desirable for an eight-foot viewing distance.

The viewing distance lines on this chart mean, in accordance with
the explanation given a few paragraphs previously, that, at this par-
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ticular distance and for the number of secanning lines and picture height
indicated at any point along the line, this is the minimum viewing dis-
tance for a picture of this number of scanning lines and height. Since
this information is based on tests made by three observers who have,
as previously pointed out, acuity above average, this is a safe condition
for average use. Suppose, as in the above illustration, we have chosen
an eight-foot viewing distance and, with 240 scanning lines available,
a picture height of thirteen and one-half inches. The nearest an ob-
server should view this image is, then, at eight feet. Observers more dis-
tant will naturally find satisfactory detail conditions. To determine
if the general viewing conditions at more distant points are satisfactory
because of the picture size, we may start at the eight-foot viewing dis-
tance line and the thirteen and one-half inch picture size and drop
down along the thirteen and one-half inch ordinate. At a ten-foot view-
ing distance we are just a little under the one-to-eight ratio. At a twelve-
foot viewing distance we are nearing the one-to-twelve ratio and ap-
proaching unsatisfactory viewing conditions. Therefore, a picture of
240 scanning lines and thirteen and one-half inches high may be viewed
from eight feet to about twelve feet.
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AN EXPERIMENTAL TELEVISION SYSTEM*

By

E. W. ENcgsTrROM
(RCA Victor Company, Inc., Camden, New Jersey)

Summary—This forms the iniroduction to a group of papers describing the
apparatus used in making practical tests on an experimental television system.

URING the early part of 1931 it was decided to make practical
ID tests on a cathode ray television system of the type being
developed by the research organization of RCA Victor. This
project was entirely experimental in nature, but was so directed as to
obtain operating conditions as nearly as possible in keeping with
probable television broadecast service. The location chosen for these
tests was the metropolitan area of New York. The studio and transmit-
ter equipment was located in the Empire State Building with the
antenna structures at the very top. Apparatus for this pro Ject was com-
pleted and installed during the second half of the year. Operation tests
followed, continuing through the first half of 1932

The equipment used for these experimental field tests was in keep-
ing with the status of television development at that time. Two radio
transmitters were used, one for picture and the other for sound. These
were operated in the experimental television band, 40 to 80 megacycles.
The picture and sound transmitters were widely separated in fre-
quency to simplify the apparatus requirements. One hundred and
twenty line scanning was used. The limit of 120 lines was established
mostly by the signal-to-noise ratio for direct studio pick-up. The pic-
ture repetition frequency was 24 per second. This was chosen so as to
provide adequate continuity of action for objects in motion for studio
programs and to enable the use of standard sound motion picture ilm
for film subject material. Synchronization was automatically main-
tained at the receiver by transmitted synchronizing impulses, one im-
pulse for each line and one impulse for each picture frame. The line and
frame impulses differed in character. “Mechanical” scanning equip-
ment was used for both studio and film subjects.

The television receiver consisted essentially of two channels, one a
receiver for picture with its cathode ray tube and associated circuits
and the other a receiver for sound with its usual loud speaker. Inde-
pendent tuning arrangements were provided for each channel. The

tute,*JB;ciraallgtélg'ssiﬁcation: R583. Original manuscript received by the Insti-
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cathode ray tube was mounted in a vertical position and the reproduced
image viewed in a mirror mounted on the inside of an adjustable top
lid of the cabinet.

After the apparatus had been installed and placed in operating con-
dition, practical tests followed. These tests were varied in nature and
were intended to be as comprehensive as possible. A propagation study
was made of the metropolitan area of New York. An analysis was made
of electrical “noise” disturbances, sources of this “noise”, and the re-
sulting effect on television performance. Experience was obtained in
the use of the terminal and radio transmitter apparatus which in-
dicated limitations and measures to permit greatest usefulness. Re-
ceivers were placed in many locations and the installation and operat-
ing problems were studied. Reactions of many observers were obtained.

Much valuable engineering information was obtained as a result of
this project. An opportunity was available to design and construct
apparatus for a complete experimental television system. Indications
were obtained regarding the possibilities and limitations of the ap-
paratus. Extensive operating data were accumulated. The project
provided further insight and it broadened the perspective on that
rather intangible factor “satisfactory television performance.” An
analysis of the experience and engineering information provided con-
crete objectives for continued research on television.

Some of the major conclusions and indications are of general inter-
est. The frequency range of 40 to 80 megacycles was found well suited
for the transmission of television programs. The greatest source of
interference was from ignition systems of automobiles and airplanes,
electrical commutators and contactors, etc. It was sometimes neces-
sary to locate the receiving antenna in a favorable location as regards
signal and sources of interference. For an image of 120 lines the motion
picture scanner gave satisfactory performance. The studio scanner was
adequate for only small areas of coverage. In general the studio scanner
was the item which most seriously limited the program material. Study
indicated that an image of 120 lines was not adequate unless the sub-
ject material from film and certainly from studio was carefully pre-
pared and limited in accordance with the image resolution and pick-up
performance of the system. To be satisfactory, a television system
should provide an image of more than 120 lines. A more general dis-
cussion of the image detail requirements for television has been given
in a previous paper.! The operating tests indicated that the funda-
mentals of the method of synchronizing used were satisfactory. The

! E. W. Engstrom, “A study of television image characteristics,” Proc.
[.R.E., this issue, pp. 1631-1651.
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superiority of the cathode ray tube for image reproduction was defi-
nitely indicated. With the levels of useful illumination possible through
the use of the cathode ray tube, the image flicker was considered ob-
jectionable with a repetition frequency of 24 per second. The receiver
performance and operating characteristics were in keeping with the
design objectives.

Information has been presented on the results of the propagation
study made as a part of this project.? It is the purpose of the following
papers to describe the system and the experimental apparatus used.
The description of the entire system is covered by three papers: a
description of the system, the cathode ray tube, and associated cir-
cuits; a description of the transmitting equipment; and a description
of the receiving equipment. Each paper has been prepared by the
engineer responsible for that portion of the project.

Acknowledgement is made to all the members of the RCA Victor
organization who particpated in the work, and for the assistance of
others in associated companies of the RCA group.

2 L. F. Jones, “A study of the propagation of wavelengths between three and
eight meters,” Proc. I.R.E., vol. 21, pp. 349-386; March, (1933).
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DESCRIPTION OF AN EXPERIMENTAL TELEVISION
SYSTEM AND THE KINESCOPE*

By

V. K. ZWORYKIN
(RCA Victor Company, Inc., Camden, New Jersey)

Summary—A general description is given of an experimental television system
using a cathode ray tube (kinescope) as the image reproducing element in the recever.
The fundamental considerations underlying the design and use of the kinescope for
television are outlined. A description of the circuits associated with the kinescope and
an explanation of the application to an experimental recewver are included.

INTRODUCTION
HE experimental television system placed in operation by RCA
T Victor in New York late in 1931, and on which practical tests
were made during the first half of 1932, was based on the use of a
cathode ray tube as the image reproducing element in the receiver.
This allowed the use of a system with 120 scanning lines and a frame
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repetition frequency of 24 per second with adequate illumination for
the reproduced image.
A block diagram of the system is shown in Fig. 1, where the com-
ponents and their location in the system are indicated. Naming the
* Decimal classification: R583. Original manuseript received by the Insti-
tute, July 10, 1933.
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units in order, we have for television from the studio: The photo-
electric tubes, the flying spot scanning equipment, the picture signal
and synchronizing signal amplifiers, the control and switching equip-
ment, and the modulating and radio transmitter equipment. The units
comprising the television receiver are: An antenna system feeding two
radio receivers, one for sight, including the cathode ray unit with its
associated horizontal and vertical deflecting equipment, and the other
for sound, including the usual loud speaker.

THE KINESCOPE

The name “kinescope” has been applied to the cathode ray tube
useddin' the television receiver to distinguish it from ordinary cathode

Fig. 2

ray oscilloscopes because it has several important points of difference;
for instance, an added element to control the intensity of the beam.
Fig. 2 gives the general appearance of the tube which has a diameter of
9 inches, permitting a reproduced image of approximately 51 X631
inches. Fig. 3 is a cross-section view of one of these tubes, showing the
relative position of the electrodes, especially the cathode and its sur-
rounding assembly, which is usually referred to as the “electron gun.”
The indirectly heated cathode, C, operates on alternating current.
Its emitting area is located at the tip of the cathode sleeve and is
formed by coating with the usual barium and strontium oxides. The
control electrode, corresponding to the grid in the ordinary triode, is
shown at G. It has an aperture, O, directly in front of the cathode emit-
ting surface, and besides functioning as the control element it also
serves as a shield for the cathode.
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The first anode, A1, has suitable apertures which limit the angle of
the emerging electron beam. The electron gun is situated in the long,
narrow neck attached to the large cone-shaped end of the kinescope,
the inner surface of the cone being silvered or otherwise metallized,
and serves as the second anode. The purpose of the second anode, A, 18
to accelerate the electrons emerging from the electron gun and to form
the electrostatic field to focus them into a very small, thread-like beam.
The first anode usually operates at a fraction of the second anode
voltage.

The focusing is accomplished by an electrostatic field set up by
potential differences applied between elements of the electron gun and
the gun itself and the metallized portion of the neck of the kinescope.

_— S =

Fig. 3

The theory of the electrostatic focusing is described in detail in a
recent paper by the writer.! The lines of force of the electrostatic field,
hetween properly shaped electrodes, force the electrons of the beam to
move toward the axis, overcoming the natural tendency of electrons
to repel each other. This action is analogous to the focusing of light
rays by means of optical lenses. The electrostatic lenses, however, have
a peculiarity in that their index of refraction for electrons is not con-
fined to the boundary between the optical media, as in optics, but varies
throughout all the length of the electrostatic field. Also, it is almost
impossible to produce a simple single electron lens; the field always
forms a combination of positive and negative lenses. However, by
proper arrangement of electrodes and potentials, it is always possible
to produce a complex electrostatic lens which will be equivalent to either
positive or negative optical lenses.

1 V. K. Zworykin, Jour. Frank. Inst., pp. 535-555, May, (1933).
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The distribution of electrostatic fields in the electron gun of the
kinescope is shown on Fig. 4. In this particular case, the total action
of fields on electrons is equivalent to a combination of four lenses, as is
shown in the same figure.

The first two lenses force the electrons through the apertures
of the first anode and assure the desired control of the beam by the
control element G. The final focusing of the beam on the screen is ac-
complished by the second pair of lenses created by the field between
the end of the gun and the neck of the bulb. Thus, the final size of the
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spot on the screen, as in its optical analogue, depends chiefly on the
size of the active area of the cathode and the optical distances between
the cathode, lenses, and the fluorescent screen.

The velocity of the beam is expressed by the equation

=595X10" \/V

where v =beam velocity in centimeters per second and V is the second
anode voltage. For ¥V =4500 volts, as used in kinescopes, the beam
velocity is somewhat greater than one tenth that of light.

After leaving the first anode, the focused, accelerated beam im-
pinges upon the fluorescent screen deposited upon the flat end of the
conical portion of the kinescope. The fluorescent screen serves as a

-
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transducer, absorbing electrical energy and emitting light. Thus there
is produced a small bright spot on the screen, approximately equal in
area to the cross section of the beam. The fluorescent screen is very
thin, so a large portion of the emitted light is transmitted outside of
the tube as useful illumination.

In order to reproduce the light intensity variations of the original
picture, it is necessary to vary the intensity of the spot of light upon
the fluorescent screen. This is accomplished by means of the control
element, G, of the electron gun. For satisfactory reproduction, the
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control of the electron beam intensity should be a linear function of
the input signal voltage. Furthermore, it is very essential that during
the exercising of this control the sharp focusing of the spot shall not be
destroyed. Still another requirement is that this control will not affect
the velocity of the electron beam because the deflection of the heam is
inversely proportional to its velocity and, therefore, a slight change
due to picture modulation would disturb the image, making the bright
lines shorter and the darker lines longer. As a result of careful design,
the variation of velocity of the beam (from complete cut-off to full
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brilliancy) in the kinescope is so small as to be unnoticeable to the ob-
server of the picture.

The characteristic curve of the kinescope is shown in Fig. 5. From
this it will be seen that an input of 10 volts alternating current will give
practically complete modulation (i.e., a change from maximum to
minimum brilliancy) of the cathode ray beam. The shape of this curve
gives the proportionality between input voltage and second anode cur-
rent and corresponding brightness of the spot. (It is to be noted that
the values of current, voltage, illumination, etc., given on F ig. 5, and
all figures in this report, are illustrative rather than specific values for
a particular type of cathode ray kinescope tube.) By referring to Fig. 6,
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which shows a graph of the relation of second anode current to the
light emitted from the fluorescent screen, it will be noted that a linear
proportionality exists. Therefore, we can draw the conclusion that a
television picture, varying in shade from black to white, will have
accurately reproduced all the intermediate shadings necéssary for good
half-tone pictures.

If we inspect the fluorescent spot by means of an enlarged photo-
graph, we find that the light intensity is not uniform. When measured
for a stationary spot, enlarged fifty times, the curve obtained from
densitometer observations (see Fig. 7) shows that the light intensity
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increases toward the center of the spot. The actual diameter of the
spot was 2 millimeters. During the scanning of a picture, when the
spot is in motion, the light intensity per square unit of screen decreases
proportionately to the scanned area. Therefore the edges of the spot,
being less luminous, disappear and the apparent size of the spot de-
creases. This explains the fact that the diameter of the static spot is
larger than the value calculated by dividing the picture height by the
number of scanning lines. The photograph of the spot also shows why
black spaces between the scanning lines of the received picture may be
noticed upon close observation. This is caused by the differences in
light intensity between the center and the edges of the spot.

The material used for the fluorescent screen is a synthetic zinc
orthosilicate phosphor almost identical with natural willemite. Zinc
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orthosilicate phosphor was chosen because of its luminous efficiency,
its short time lag, its comparative stability and its resistance to “burn-
ing” by the electron beam. The good luminous efficiency is due to the
fact that the light, green in color, emitted by the zinc orthosilicate
phosphor lies in the visible spectrum in a narrow band peaked at
5230A, close to the wavelength of maximum sensitivity of the eye
(5560A) as shown in Tig. 8. The luminous efficiency of incandescent
tungsten lamps ranges from 2.5-4.0 per cent? whereas the zinc ortho-
silicate phosphor has an efficiency of 1.8-2.7 per cent when expressed
on the basis of lumens per watt, assuming 690 lumens per watt as the
maximum theoretical efficiency.® Fig. 9 shows candle power plotted
2 Forsythe and Watson, Jour. Frank. Inst., vol. 213, no. 6; June, (1932).

% A. Schloemer, “Kathodenoszillograph und Leuchtmasse,” Zeit. fur Tech.
Physik, vol. 13, no.5, (1932).
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against second anode voltage, and I'ig. 6 shows candle power plotte
against current carried by the electron beam for the cathode excitation
of zine orthosilicate phosphor. The general relation between ecandle
power, applied voltage, and current intensity for phosphors excited by
cathode rays is given by the equation:*

I "AQ(V— Vo)

I = the intensity of emitted light in candle power.

A = a constant characteristic of the phosphor.

()= the current intensity in the beam in amperes per e¢m.?
V = the applied voltage (in volts).

Vo= the extrapolated minimum exciting voltage (in volts) (a con-
stant for each phosphor).
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Fig. 10 shows the time decay curve of the zinc orthosilicate phos-
phor luminescence. The decay curve shows that at the end of approx-
imately 0.06 second practically all visible luminescence has ceased. For
reproducing 24 pictures per second, the decay curve of the ideal phos-
phor should be long enough so that the phosphor just loses its effective
brilliancy at the end of 1/24th of a second. If the time of decay is too

* Wien-Harms, “Handbuch der Experimentalphysik,” part 1, ch. 23, p. 158.



Zworykin: Experimental Television System and Kinescope 1663

long, the moving portions of the picture will “trail,” as, for instance,
the path of a moving baseball would be marked by a comet-like tail. If
the time of decay is too short, flicker is noticeable because of the space
of comparative total darkness between the times when the fluorescent
material is excited between successive pictures.
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When the electron beam strikes the fluorescent screen, the screen
would acquire a negative charge, which, because of the good dielectric
properties of the phosphor, would remain on the surface and act as a
repulsive force upon the electron heam and may completely repulse
the beam from the screen, thus stopping the light emission. To remove
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this charge, we used to have a half-transparent, metallic film bef ween
the end of the kinescope tube and the fluorescent screen. Later, we
found that a properly prepared phosphor emits a sufficient ratio of
secondary to primary electrons to remove the accumulated charges.
The secondary electrons are attracted to the high, positively-charged,
metallized inner surface of the kinescope and thus the negative charge
is carried away. Consequently, the kinescopes used in this equipment
do not have transparent metallic film under the fluorescent screen.

The advantages of the kinescope in television over other means for
reassembling the picture at the receiver are: the use of an inertialess
beam, easily deflected and synchronized at speeds far greater than re-
quired for television; a sufficiently brilliant fluorescent spot which
may be viewed directly on the end of the tube eliminating the restricted
viewing angle usually present in mechanical scanners; noiseless opera-
tion; and the outstanding feature of the flexibility of the cathode ray
tube itself.

SCANNING

The problem of picture transmission is essentially three-dimen-
sional, two dimensions being required for expression of area, while a
third is required to indicate intensity. Since a single radio channel is
ordinarily capable of transmitting only two-dimensional intelligence,
namely, intensity of signal and duration of time, it is evident that the
concept of area in a picture must somehow be effectively reduced to a
succession of unidimensional signals. This requirement introduces the
necessity of scanning; that is, exploring the picture area, element by
element, in some logical order in an interval of time so brief as not to be
detectable by the human eye due to its persistence of vision.

One of the simplest methods of scanning a picture is to cause a spot
of light to sweep across it in a succession of parallel horizontal lines.
The motion of the spot across the picture may be either unidirectional
or sinusoidal. An example of the latter type of scanning is employed with
motion picture filn in the system desecribed in an earlier paper.5 At the
transmitter this was accomplished by means of a galvanometer mirror
which reflected the scanning beam onto the continuously moving film.
In the cathode ray receiver this kind of motion is easily duplicated by
deflecting the beam by a magnetic field produced by a sinusoidal cur-
rent identical with the one energizing the galvanometer. This was
superseded by unidirectional scanning. An example of unidirectional
motion in scanning is that produced by the Nipkow disk widely used

8 V. K. Zworykin, “Television with cathode ray tube for receiver,” Radio
Eng., vol. 9, no. 12, pp. 38-41; December, (1929).
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in television. The disk contains a single row of holes equally spaced
around the circumference, successively spaced at smaller distances
from the center.

The general arrangement of the transmitter used in the present
system is illustrated in Fig. 11. The components of this will be ex-
plained in an accompanying paper. Light from the source, 4, is con-
centrated on the disk and images of the moving holes are projected
through the lens, L, on to the object, O, to be televised. By means of the
mask, M, only one hole is imaged at a time and, therefore, the flying
spot covers the object completely with a series of parallel lines during
each revolution of the disk. It is evident that the motion of spot across
the object is uniform and in one direction only.

Light from the flying spot, reflected by the object, is gathered into
a system of photo-electric cells and thus transformed into electrical
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impulses. These impulses, amplified, serve to modulate the output of
the radio transmitter.

In televising moving picture film, the spiral row of scanning holes
is replaced by a circular row, the vertical component of scanning being
supplied by motion of the film, itself, passing the scanning line with a
constant velocity. Here, as before, the flying spot explores the entire
picture in a series of parallel lines, the light being transmitted directly
through the object into a photocell situated behind the film.

In the experimental system described, the picture is made up of 120
lines and is transmitted at the rate of 24 per second. The picture has a
5-to-6 ratio of vertical to horizontal dimensions, and, therefore, the
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horizontal detail is equal to 144 lines. The beam traces a succession of
equally spaced horizontal lines across the fluorescent sereen, construet-
ing the television picture in the identical manner that the flying spot
at the transmitter has scanned it, beginning from the top downward
and after the last, or 120th line, jumping back to the position at the -
start of a new picture.

In order to scan with a cathode ray beam in this manner, two
variable magnetic fields are applied to the beam just as it emerges
from the electron gun; a vertical one, pulsating 24 times per second, and
a horizontal one, pulsating 2880 times per second.

When an electron beam passes through a magnetic field it is de-
flected in a direction normal to the magnetic lines of force according
to the well-known equation®

evB 2
o 2m v’
6:= the displacement from the initial straight line.
= the charge on the electron.
m = the mass of the electron.
B = the intensity of the magnetic field.
[= the length of path in the magnetic field.
v= the velocity of the electron.

(All quantities expressed in electromagnetic and c.g.s. units.)

02, the further displacement, during the time necessary to traverse
the path from the magnetic field to the screen =evBIL/mu?. The total
displacement is given by

e Bl I
0=20,4+6,= (-+L) em
m 2

L= the distance from the deflecting magnetic field to the fluo-

rescent screen.

In order that the cathode beam at the receiver follow the uni-
directional scanning at the transmitter, the variation of intensity of
both horizontal and vertical deflecting fields plotted against time is of
a “saw-tooth” shape, as shown in Fig. 12. Each cycle consists of two
parts; the first, linear with respect to time and lasting practically the
whole cycle, and the second, or return period, lasting only a small
fraction of the cycle. The picture is reproduced during the first part
of the scanning period by varying the bias of the control element ac-

§J.T. Irwin, “Oscillographs,” Isaac Pitman and Sons, I.td., London, (1925.)
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cording to the light intensities of the transmitted picture, as desecribed
above.

There are a number of methods that will produce “saw-tooth”-
shaped electrical impulses. A simple one has been described in an
earlier paper,® consisting of charging a condenser through a current
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limiting device such as a saturated two-electrode vacuum valve and
then discharging the condenser through a thermionic or gas-discharge
tube. The practical limitation of this “saw-tooth” generator lies in the
fact that there is no such thing as a completely saturated thermionie
tube. Therefore, the condenser cannot, be charged exactly linearly with
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time, and, consequently, the line reproduced on the fluorescent screen
will be not exactly straight.

In order to straighten the scanning lines and improve the quality
of the reproduced picture, a more complicated circuit was used, in-
volving one dynatron oscillator and two amplifying tubes, as shown in’
Fig. 13. The condenser, C, in the horizontal deflecting cireuit is charged
continuously through the resistance, &t. Periodically, at the end of pre-
determined intervals, the condenser is discharged. During these
intervals, the accumulated charge does not reach saturation value, for
the time (1/2880 of a second) is insufficient. The vacuum tube through
which the discharge takes place is controlled by impulses supplied
from a dynatron oscillator having a distorted wave shape. The fre-
quency of oscillation of the dynatron (which can be made to vary over
a fairly wide range) is initially adjusted to approximately 2880 cycles
per second, so that received synchronizing signals will have no difficulty
in pulling the dynatron into step with the synchronizing impulses
generated by the transmitter scanning disk, as explained later. The
charging and discharging of condenser, C, represent saw-tooth varia-
tions of potential, which, when applied to the grid of an amplifying tube,
produce saw-tooth current impulses in deflecting coils connected in the
plate of the amplifier.

The vertical deflecting circuit is similar to the horizontal circuit
just described. Both vertical and horizontal deflecting systems operate
on the beam by the magnetic fields generated by coils placed about the
neck of the cathode ray tube.

The choice of electromagnetic deflection in preference to electro-
static was made more as a result of economical consideration than
mechanical choice. The kinescope for electromagnetic deflection is
much cheaper to make than the one equipped with inside deflecting
plates for electrostatic deflection. On the other hand , the electro-
magnetic deflecting unit itself requires more power and is more costly
to build than the electrostatic one. The predominance of one or more
factors depends chiefly upon the frequency of deflection and velocity
of the beam.

The constants of the electrical circuits for vertical and horizontal
deflection are, of course, entirely different, due to the great difference
in the operating frequencies of the two deflection circuits.

SYNCHRONIZATION

W'hen both deflecting circuits are properly adjusted and syn-
thonlzed with the transmitter, a pattern consisting of 120 parallel
lines is seen on the fluorescent screen. The sharpness of the pattern and
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perfection of its synchronization with the transmitter determines to a
large extent the quality of the reproduced picture. This pattern is trans-
formed into the picture by applying the picture signal impulses from
the transmitter to the control element of the kinescope, so as mo-
‘mentarily to vary the brilliancy of the spot.

For sending synchronizing impulses, the transmitting scanning
disk has an auxiliary row of slits, one for each scanning aperture. (See
Fig. 14.) These slits, together with a separate illuminating lamp and

Fig. 14

photocell, produce impulses, one at the end of each line and at the
end of each picture frame. The synchronizing impulses are trans-
mitted over the picture signal channel. They do not interfere with the
picture signals, because they occur at an instant when the picture
actrally is not being transmitted.

To allow the transmission of horizontal synchronizing signals at a
time when the beam at the receiver is returning to start a new horizon-
tal trace, the generation of picture signals is cut off for ten per cent of
the scanning time. This is done by simply spacing the scanning disk
apertures ten per cent farther apart than the width of the scanned
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frame. Vertical synchronization is carried out in the same manner,
synchronizing impulses for this purpose being transmitted at the com-
pletion of each frame.

There is considerable advantage gained from using a synchronizing
system in which the beam at the receiver is brought into step with the
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transmitter at the end of each horizontal line because momentary dis-
turbances of the nature of static do not appreciably affect the picture.

It will be seen that the transmitter is modulated by picture, hor-
izontal synchronizing, and vertical synchronizing signals. The result-
ing composite signal which is fed to the modulator grid, therefore, ap-
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pears as shown in Fig. 15. A clearer view of the components of this com-
posite signal can be gathered from Fig. 16, the top curve of which
represents the irregular-shaped picture signals which are often unsym-
metrical about the axis, usually more positive than negative. Both
synchronizing signals are arranged to have their peaks on the negative
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side of the axis. The difference in shape of the horizontal and vertical
impulses, of course, is due to the shape of the corresponding openings in
the scanning disk, and this difference in wave shape is utilized at the
receiver for the purpose of separating these two synchronizing impulses.
The three signals mentioned above differ in frequency and in ampli-
tude, since the horizontal synchronizing impulses occur at a rate of 2880
per second, the vertical impulses 24 times a second and the picture sig-

Fig. 17

nals at a widely varying rate. The peak picture signal amplitude is
carefully adjusted to be always less than the horizontal and vertical
impulses, the amplitude of the latter heing approximately equal.

The separation of the three signals at the receiver is accomplished
by a very simple means which is described in detail in an accompanying
paper, so that the fundamentals only will be mentioned here. If we
trace the signals at the receiver from the antenna through the radio
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receiver and amplifier, shown in I'ig. 13, we find that they are applied
to three independent units, the vertical deflecting system, the horizon-
tal deflecting system, and the input to the kinescope. The synchroniz-
ing impulses do not affect the picture on the kinescope because they
are transmitted at a time when the cathode ray beam is extinguished,
that is, during its return period. The picture signals do not affect the
deflecting circuits because amplitude selection is utilized; that is, the
amplitude of the picture signals is never sufficient to affect the input

»

!

Fig. 18

tubes of either deflecting system. The selection between vertical and
horizontal synchronizing impulses is made on the basis of wave shape
selection. A simple filter in each of the input circuits of the two de-
flecting units gives satisfactory discrimination against undesired syn-
chronizing impulses. The plate circuits of both dynatron input tubes
contain circuits approximately resonant to the operating periods of

their respective deflecting circuits, thus aiding in the matter of selec-
tivity.

|
1
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When the electron beam returns to the position from which it starts
to trace a new line, and particularly when it returns from the bottom
of the picture to start a new frame, an undesirable light trace, called
the return line, is visible in the picture. To eliminate this the synchro-
' nizing impulses which are in the negative direction are applied to the
control electrode of the kinescope, so as to bias it negatively and thus
eliminate the return line by extinguishing the beam during its return.

To produce a picture, the intensity of light on a fluorescent screen
is varied by impressing the picture signal on the kinescope control
element. If the bias adjustment on the kinescope is set so that the
picture signals have the maximum swing on the characteristic curve of
the kinescope (shown in Fig. 5) a picture with optimum contrast is
. produced. The picture background, or the average illumination of the
picture, can be controlled by the operator by adjusting the kinescope
bias.

REPRODUCING F.QUIPMENT

The arrangment of the television receiver built for these tests is
shown in Figs. 17 and 18. The former is a photograph of the chasis con-
taining the deflecting unit and kinescope. This chassis slides as a unit
into the cabinet. Fig. 18 is a photograph of the complete receiver which
contains a power unit, kinescope unit, two radio receivers—one for
picture and one for sound signals—and a loud speaker.

The reproduced image is viewed in a mirror mounted on the 1n31de
lid of the cabinet. In this way the lid shields the picture from overhead
illumination. This method also affords a greater and more convenient
viewing angle. The brilliancy of the picture is sufficient to permit ob-
servation without the necessity of completely darkening the room.
Since this type of television receiver has no moving mechanical parts
it is quiet in operation.

The operations to be performed in tuning such a receiver are as fol-
lows: After the power switch is turned on, the picture and sound re-
ceivers are tuned to their respective signals in the ordinary manner.
Next, the picture “volume” control (radio sensitivity control) is in-
creased to that point at which the picture locks into synchronism. Then
the signal voltage (picture-frequency amplification) to the kinescope is
adjusted to the best operating point determined by observation. The
background control is adjusted to the desired value depending upon
the type of picture being transmitted.
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DESCRIPTION OF EXPERIMENTAL TELEVISION
TRANSMITTING APPARATUS

By
R. D. KeLL

(RCA Victor Company, Inc., Camden, New Jersey)

Summary—A descriplion is given of an experimental television transmitter.
This equi pment was installed in the Empire State Building and was used in malking
practical tests on an experimental television system. The installation included facili-
ties for radiating sound and picture signals from studio and from motion picture
Silm. The general considerations underlying the design and performance of television
terminal and transmitiing apparatus for this experimental system are reviewed.

THEORETICAL CONSIDERATIONS

VHE utilization of that part of the radio-frequency spectrum
in the vicinity of 50 megacycles has removed from television the
limitations of a narrow communication channel. The remaining

question to be answered before an experimental system could be de-
cided upon was how great a resolution of the picture would be practi-
cable with the available terminal equipment. In the resolution of the
picture, the limiting factor was found to be in the quantity of light
available for scanning in the studio. In other words, as the picture
resolution is increased with a corresponding decrease in the scanning
spot size, the signal-to-noise ratio reaches a value beyond which the
television signals are unusable. A ratio of ten to one has been found by
experience to be about the limit of usefulness. From measurements on
48-, 60-, and 80-line television studio pick-up equipment, it was deter-
mined that with a light source of the highest intrinsic brilliancy avail-
able, the ratio of signal to noise would approach the limiting ratio of
ten to one with 120-line mechanical scanning.

The terminal equipment developed for use at the transmitter con-
sists of the usual photo-electric tubes with their associated amplifiers
and scanning disk, using modified forms of the conventional type. At
the receiver, a special cathode ray tube replaces the well-known sean-
ning disk with its associated neon lamp. The scanning beam is made
tomove across the fluorescent screen of the receiving tube in synchro-
nism with the seanning spot at the transmitter by means of special de-
flecting circuits. The scanning spot produced at the transmitter moves
with constant velocity across the object being secanned. To produce

* Decimal classification: R583. Original seri ecel i-
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. an undistorted image of the object on the cathode ray tube, the
scanning spot at the reciver must also move at constant velocity.
After tracing a line across the screen, the beam must return before it
can start the scanning of the next horizontal line. The scanning beam is
- often spoken of as being inertialess, which should allow its return
across the screen in zero time. This is practically true, but the inertia
of the deflecting circuits is such that approximately one tenth of the
scanning time is required for the return of the scanning beam across
the screen. To allow for this at the transmitter, the spacing of the
. apertures in the scanning disk is such that for ten per cent of the time
there is no scanning spot on the object. Fig. 1 shows the useful picture
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Fig. 1

area plus the shaded area which is that lost due to the time required for
the return of the scanning heam. The dimensions shown are in picture
elements, which in the vertical direction corresponds with the number
of horizontal scanning lines.

The theoretical elements shown in the shaded area at the side of the
useful picture area are to allow sufficient time for the horizontal return.
The two lines at the bottom of the picture, likewise, allow sufficient
time for the vertical return. The total theoretical number of elements
which must be transmitted for the production of a picture of 144 X 118
or 16,992 elements, is found to be 120 X 158 or 18,960, which is a loss
of 1968 elements due to the time required for the horizontal and verti-
cal return of the scanning heam. The highest theoretical frequency re-
quired of the system may be simply arrived at by assuming that the
maximum frequency is produced when alternate elements are black.
This produces 18,960+ 2 =9480 cycles per picture. At 24 pictures per
second, the top frequency is then 9480 X 24 = 227,520 cycles.
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The lowest frequency that may be produced in the scanning of a
stationary object is produced when the scanning field is half black and
half white about a horizontal axis. For a scanning speed of 24 pictures
per second, this lowest frequency is 24 cycles per second. These fre-
quencies, 24 and 227,520 cycles, define the frequency band required for
the production of a 120-line picture.

The synchronizing signals, to be sufficiently accurate for a picture
having as many as 17,000 elements, must be supplied to the receiver
directly from the transmitter. The use of even a common power supply
for synchronizing the transmitter and receiver introduces difficulties
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when such a great number of picture elements are used. The horizontal
synchronizing signals must have a frequency at least equal to the line
frequency of the picture if the synchronizing is to be sufficiently ac-
curate in a horizontal direction. A second frequency is required to
frame the picture properly in the vertical direction. This also must be
supplied from the transmitter.

Because of the time required for the scanning beam to return
across the screen at the receiver, a loss of 1968 picture elements per
picture is unavoidable. The use of this lost time for transmitting the
synchronizing signals seemed, if possible, to be the most desirable
solution of the problem. The system developed makes use of this time
during which no picture is transmitted for the transmission of both
horizontal and vertical synchronizing signals. The first advantage of
this is that it is possible to mix the synchronizing and the picture
signals at the transmitter, and utilize them for their distinctive pur-

o ——— g
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poses at the receiver without the use of filters. The second advantage
is that no additional width of frequency band is required for the
synchronization of the picture.

At 24 pictures per second, the vertical synchronizing signal is 24
impulses per second and the line frequency of a 120-line picture re-
peated 24 times per second is 120 X 24=2880 impulses per second.
These then are the two impulse rates that must be transmitted to the
receiver for the proper synchronizing and framing of the picture. The
term “impulse” is used here instead of cycles, because the synchroniz-
ing signals are square-topped waves having a duration of approxi-
mately one fiftieth of their repetition rate. Fig. 2 shows the general

shape of the impulses and their relation to the picture signal. These
impulses are generated at the end of each scanning line and last for 10
microseconds. They are produced by means of an auxiliary set of slits
in the scanning disk at the transmitter through which light is directed
into a photo-electric tube. At the end of each scanning of the picture,
or every 24th of a second, a vertical synchronizing impulse, lasting for
350 microseconds, is produced by means of a longer slit passing between
the same lamp and photo-electric tube as used for the production of the
horizontal synchronizing impulses. These synchronizing impulses are
mixed with the picture in such a phase that all synchronizing signals
are in the same direction as picture signals produced by the scanning of
black, that is, all synchronizing impulses extinguish the scanning beam
at the receiver. The vertical synchronizing impulse causes the scanning
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beam at the receiver to start its return to the top of the picture for the
next vertical secanning. The beam moves from bottom to top across the
scanning area on its return path, and would produce a bright diagonal
line across the picture if some means of extinguishing the scanning

beam during its return path were not employed. The signal produced -

by light passing through the low amplitude end of the vertical syn-
chronizing slot serves this purpose, that is, it extinguishes the scanning
beam until it has reached the top of the scanning area. During the
horizontal return of the secanning beam it is extinguished, as no light
falls into the picture photo-electric tube during the scanning of the
ten per cent area at the side of the picture during which time the re-
ceiving beam is returning. The horizontal and vertical impulses are
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so adjusted as to have the same amplitude. Also, the picture signallevel
is maintained at such a value that it never exceeds the synchronizing
impulses in amplitude. This allows the use of “amplitude selection”
in the receivers to separate the synchronizing from the picture. Fig. 3
shows the condition of operation of the final synchronizing amplifier
tube in the receiver, for selecting between the picture and synchroniz-
ing signals by amplitude selection. The grid bias is adjusted to such a
value that the picture signal causes practically no change in plate cur-
rent, and only the synchronizing impulses are amplified. The selection
between the horizontal and vertical synchronizing impulses depends
upon the difference in steepness of the wave front of the two impulses.
We have termed this method of separating the impulses “wave front
selection.” Fig. 4 shows the arrangement of the synchronizing circuits
for making the selection between the horizontal and vertical synchro-
nizing signals. In selecting the vertical impulse, the voltage across the
condenser which is in series with a resistor is used. The values of con-
denser and resistor are such that the impedance presented by the con-
denser to the steep wave front of the horizontal synchronizing impulses
is low, while its impedance is high to the gradual slope of the vertical
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- synchronizing impulse. As a result, in the output of the network, the
. vertical impulses as applied to the vertical deflecting unit have ap-
~ proximately ten times the amplitude of the horizontal synchronizing
impulses in the same circuit. It is important that the horizontal syn-
* chronizing impulses after passing through the selecting circuit be of
- such low amplitude that they do not affect the vertical synchronizing.
| If they are not sufficiently low, the picture may be improperly framed
on any horizontal impulses. The principle of the action in the network
| for the horizontal selection is the same. But in this case the voltage
across the resistor is used to operate the deflecting circuit. No serious
harm is done if the horizontal and vertical impulses are mixed in the
input to the horizontal deflecting unit, because during the vertical
synchronizing impulse there is no picture on the receiving screen.

MECHANICAL DESIGN OF FILM SCANNER

Fig. 5 is a photograph of the motion picture film scanner designed
and constructed for our television experiments. This scanner consists
of the conventional scanning disk having apertures equally spaced
around its periphery and on equal radii. The apertures in the disk are
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illuminated by a standard motion picture projection arc. Fig. 6 shows
the optical system employed. The image of the scanning aperture is
focused on the film by means of a projection lens placed at twice its
focal length from the disk, so that its dimensions will be the same as

i

the aperture in the disk. Ordinarily, when a photo-electric tube is -

placed behind the film, the scanning spot which moves across the film
also moves across the cathode of the photo-electric tube. The result is
undesirable variations in the photo-electric current due to the nonuni-
form sensitivity of portions of the cathode. To overcome this difficulty,
a second lens was placed behind the film in such a position as to image
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the projection lens on the photo-electric tube. This causes the light
passing through the film to fall in a small stationary spot on the cath-
ode.

Fig. 7 is a photograph showing the arrangement of the gates and
sprockets in the motion picture scanner head. The path of the film
is over a pull-down sprocket and through the picture gate. In order
to insure an absolutely constant speed of film through the picture gate,
it is necessary that some form of mechanical filter be provided to elimi-
nate slight variations in speed introduced by gear backlash, mechanical
vibration, and the jerky feed inherent with sprocket-tooth drive. In
this mechanism a device known as an impedance roller is used for this
purpose. The impedance roller consists of a, flywheel attached to a roller
about the size of a sprocket wheel. The roller is driven by the film pass-
ing around it and is not connected to the drive mechanism in any other
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way. The film after leaving the picture gate passes over the roller to
the constant speed sprocket. The inertia of the roller serves to prevent
any variations in the linear speed of the film, and causes the film to be
drawn through the gate at an absolutely constant speed. The vertical
" framing of the picture is accomplished by manually adjusting the posi-

Fig. 7

tion of the film in the picture gate with respect to the vertical synchro-
nizing aperture so that the vertical synchronizing impulse comes just as
the scanning of a picture frame is completed. To make this adjustment,
the impedance roller next to the picture gate is moved by means of the
framing knob so as to vary the length of the film between the pull-
down sprocket and the picture gate.
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Tests with the ordinary 120-line scanning disk proved it to be large
and unwieldy. As a result a disk was used having half the required
number of apertures and driven at double speed. I'ig. 8 is a photograph
of the scanning disk. Each of the 60 square apertures measures 0.006
inch on a side. The chordal distance between apertures is 0.926 inch.
This dimension is the width of the picture (0.875 inch) plus ten per
cent. The additional ten per cent is to allow the scanning beam to re-
turn across the screen at the receiver as already described.

Fig. 8

Fig. 9is a photograph showing the arrangement of the incandescent
lamp and photo-electric tube used for obtaining the synchronizing sig-
nals from a second set of apertures in the disk having the same angular
spacing as the picture scanning apertures, but on a shorter radius. The
horizontal synchronizing apertures are 0.100 inch in length and 0.010
inch in width, while the vertical synchronizing slot is 2.8 inches in
length and 0.100 inch in width at its widest part. The shapes of these
two types of synchronizing apertures are shown in Fig. 10. An exciter
lamp is used with a lens system arranged to place an image of the fila-
ment on the synchronizing apertures.
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The position of the synchronizing lamp is such that the light passes
through the horizontal synchronizing apertures and into the photo-
electric tube just as the corresponding picture aperture moves from the
. edge of the picture into the ten per cent area in which no light falls on
the picture photo-electric tube.

Fig. 11 shows the arrangement for securing the vertical synchroniz-
ing signal. A rotating shutter containing a slot is driven through a gear

=

train so that at the completion of each picture the aperture for produc-
ing the vertical synchronizing impulse is uncovered. The gearing be-
tween the scanning disk and the film drive sprockets is so arranged that
two revolutions of the scanning disk (the passing of 120 apertures
across the film) occur while the film moves one frame. With the disk
running at 2880 revolutions per minute, the film runs at 24 frames per
second, the standard sound film projection speed. A four-pole synchro-
nous motor operating from a 96-cycle power supply gives the required

At et
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disk speed (2880 r.p.m.) without the use of gears between the disk and
driving motor.

Any fairly constant speed drive would be suitable because receiver
synchronization depends directly upon the scanning disk speed; there-
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fore, any change in speed or hunting of the scanning disk produces no
displacement of the received picture. This is in contrast with the syn-
chronizing of two mechanical scanning devices, where for a picture of
10,000 elements or more it is very difficult to obtain a speed control at
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the receiver sufficiently accurate to prevent appreciable shifting of the
received image, due to hunting.
MECHANICAL DESIGN OF THE STUDIO SCANNER

Fig. 12 is a photograph of the studio seanner. A high intensity arc
with a condensing lens system is used to illuminate the rectangular pic-

Fig. 12 |

ture aperture. Three lenses of different focal lengths are mounted on x
the disk housing in such a way that they may be changed back and f
forth with little effort or delay during a program, so that a quick change |
in the size of the scanning field in the studio for the transmission of E
either close-ups or of scenes containing several persons may be secured.
The complete scanner is mounted on pivots so that it may be rotated
and at the same time tilted upward or downward, to follow action in
the studio. Two motors supply the tilting and rotating forces through
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reduction gears. These motors are both controlled by a special four-
position toggle switch located near the monitor, so that the monitoring
operator can easily keep the scanning field in the desired position in the
studio. A duplicate toggle switch is placed in the studio, enabling the

studio director also to control the position of the scanning field if de- -

sired.

Fig. 13

Stupio Pick-Up EQUIPMENT

When a picture of 17,000 elements is to be transmitted from a stu-
dio, the photo-electric pick-up equipment must be capable of: (a) As
great aratio of picture signal to noise as possible; (b) uniform response
to light variation up to 225,000 per second; and (c) arrangement per-
mitting satisfactory close-ups and long-distance views.

-«
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For studio work spherical photo-electric tubes of caesium oxide,
gas-filled type are used, two tubes forming a pick-up unit. Between
each pair of photo-electric tubes is placed a shielded amplifier which
may be seen in Fig. 13, a photograph showing the rear view of one of the

Fig. 14

units with the back removed. Fig. 14 shows the arrangement of the pic-
ture amplifier.

THE PRODUCTION OF THE TELEVISION SIGNALS

The photo-electric tubes used in the studio and in the film scanner
are gas-filled and have appreciable time lag. Fig. 15 shows a typical
frequency response curve of the tubes with different polarizing voltages.
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The response is seen to increase quite rapidly with increased polarizing
voltage at the lower frequencies, but above 60 kilocycles only a small
increase in response is secured by increasing the polarizing voltage. |
The maximum polarizing voltage that is practicable with this type of |
tube when working at frequencies above 200 kilocycles is 45 volts.
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When sufficient light is available to secure satisfactory signal-to-noise
ratio, an operating voltage of 22 is preferable.

The capacity across the load resistance at the input to each ampli-
fier stage is very important in determining the frequency characteristic
of the system, and must be kept as low as possible if the output voltage
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to the amplifier is to remain practically constant up to 225 kilocycles.
At this frequency 10 micromicrofarads have an impedance of only
70,000 ohms. The photo-electric tubes in the studio pick-up units are
connected directly to the grids of special screen-grid tubes, with the
shortest possible connections. The photo-electric tube in the film scan-
ner is also connected directly to the grid of its amplifier tube.
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The amplifiers make use of special coupling circuits to produce the
desired frequency characteristic. The plate circuit of each voltage am-
plifier contains an inductance having a value such that the tube and
stray capacity across the coil produce a parallel resonant circuit having
" a natural period well above the working range of the amplifier. This
method of coupling between stages makes possible an amplifier having

f

Fig. 17

practically any desired characteristic over a wide band of frequencies.
Actually the amplifiers are designed to have a rising characteristic such
that the response at 200 kilocycles is approximately twice that at 1000
cycles as shown in Fig. 16. This rising characteristic compensates elec-
trically for the decrease in light change at both the transmitter and
receiver when the width”of the detail being scanned approaches the
width of the scanning spot.
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The amplifiers in the film scanner and in the studio pick-up units
have an output impedance sufficiently low to allow the transmission
of the signal over special low capacity cable to the control room. The
output from the synchronizing amplifiers on both the studio scanner
and the film scanner are transmitted to the control room over low
capacity cable in the same manner as the picture signal.

In the control room the synchronizing signal is mixed with the ac-
companying picture signal in an arrangement of two amplifier tubes
having a common plate resistor. The synchronizing signal is applied to
the grid of one and the picture signal to the grid of the other. The com-
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bined signal is then amplified to give approximately 2 volts (peak)
across 1000 ohms, after which it is applied to the line amplifier. This
amplifier consists of a group of low impedance tubes in parallel and has
a voltage amplification of unity. Its output impedance is sufficiently
low to allow the transmission of the television signals over special low
capacity cable to the radio transmitter without objectionable attenua-
tion of the high frequencies. Fig. 17 is a photograph showing the gen-
eral arrangement of the amplifier racks. Fig. 18 is a schematic diagram
showing the complete amplifier layout of the installation in the Empire
State Building. The switching is <o arranged that the signals from the
film scanner or the studio may be passed through the line amplifier
to the radio transmitter. The picture monitor may be connected to
either the cutput of the picture amplifier or to a radio receiver, which
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makes possible the monitoring of the radiated signals. All speech equip-
ment is arranged to be switched simultaneously with the picture signals
so that the picture with its accompanying sound are always together.

Tur Rapio TRANSMITTERS

Both the picture and sound transmitters utilize quartz crystal
oscillators driving power amplifiers through frequency doubler and
tripler stages. The sound transmitter was modulated in its power am-
plifier stage by a class “B” modulator of conventional design.

The picture transmitter was also modulated in its power amplifier
but the requirements were unusual in that the transmitter had to be
capable of being modulated uniformly by frequencies from 24 cycles to
225,000 cycles. To accomplish this, the power stage was modulated by
means of two UV-848 modulator tubes. The modulation reactors were
of special design having very low distributed capacity. The voltage
amplifiers preceding the UV-848 tubes have circuit constants such that
practically constant response is obtained over the desired frequency
range. The adjustment of the modulation at the transmitter is unusual
in that amplitude distortion of the synchronizing signals is purposely
permitted in order that these signals produce over one hundred per
cent modulation. The polarity of modulation is such that the syn-
chronizing impulses drive the plate current of the modulator practically
to zero, causing the radio-frequency output to increase. So far as the
radiated picture signals are concerned, this means the black portions
of the picture correspond to an increase in amplitude of the radio-
frequency carrier. The advantage of this method of operation is that
the carrier may be driven to one hundred and twenty-five per cent
modulation on the synchronizing impulses, thus permitting one hun-
dred per cent modulation for the picture signals.
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DESCRIPTION OF EXPERIMENTAL TELEVISION
RECEIVERS*

By
G. L. BEERs

(RCA Victor Company, Inc., Camden, New Jersey)

Summary—Several television and sound receivers were constructed for use in
an experimental system. The major considerations involved in the design of these
recewvers are outlined. Curves are shown which tllustrate the receiver performance
characteristics. A brief discussion of some of the observations which were made during
the field tests of the recetvers 1s included.

INTRODUCTION

limited picture detail has brought about a consideration of fre-

quencies above 30 megacycles per second for the dissemination of
television programs. One of the major factors in determining the desir-
ability of these frequencies for television applications is the possibility
of designing suitable receivers for such frequencies. Experimental tele-
vision and sound receivers have been built for these ultra-high frequen-
cies and have given satisfactory results in the reception of both sound
and television programs. It is the purpose of this paper to describe the
design of these receivers and report some of the observations which
were obtained through their use. These receivers were used in the gen-
eral television field tests and survey work referred to in the first paper
of this series.

r ’I YHE necessity for a wide communication band to realize even

(GENERAL

When the problem of providing experimental ultra-high frequency
receiving equipment capable of receiving both picture and sound pro-
grams was first considered, it was decided to use separate receivers for
the sound and picture communication bands. The use of two receivers
would provide considerably greater flexibility in the choice of the pic-
ture and sound carrier frequencies than would have been possible if a
combination picture and sound receiver had been used. The general
performance requirements for the two receivers were as follows :

1. The sensitivity should be sufficient under normal receiving con-
ditions to reach the level where noise and interference becomes
objectionable.

_* Decimal classification: R583XR361. Original manuscript received by the
Institute, July 10, 1933.
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2. The selectivity of the receivers should be as great as consistent
with the use of a reasonable number of tuned circuits designed
to pass the necessary communication bands.

3. The fidelity of the sound receiver should be comparable with the
fidelity of the modern broadcast radio receiver. The fidelity of
the picture receiver should be such as to provide the faithful re-
production of the transmitted image. The maximum frequency
required to reproduce the picture and synchronizing impulses
with the television system in use was approximately 227,500 cy-
cles per second.

After a brief consideration of these specifications, it was evident
that the superheterodyne type of receiver was best suited to provide
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the desired performance. Since both the sound and picture receivers
were to operate in the same cabinet, the tuning range of the picture
receiver was limited to 35 to 55 megacycles per second, and the sound
receiver from 55 to 75 megacycles per second. These limitations on the
tuning range of the two receivers were imposed in order to prevent the
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interference which might result from the oscillator frequency of the
one receiver being adjusted to a frequency in the tuning range of the
other receiver.

The schematic circuit diagrams of the picture and sound receivers
are shown in Figs. 1 and 2. The same general design was employed in
hoth the sound and picture receivers. The main differences between the

ey
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two receivers were in the intermediate-frequency and low-frequency
amplifiers. These differences will be discussed in detail in the sections
of the paper devoted to these amplifiers.

ANTENNAS

Several types of ultra-high-frequency antennas were tested to de-
termine the most suitable type for installation in the average home.
Directional antennas were the most efficient of the types tested, but
these would be unsatisfactory for receiving signals from television
broadcast stations located in different directions unless some means
for rotating the antenna structure were provided. A vertical half-wave
antenna connected directly to the receiver was found to be the most
satisfactory in the majority of locations. An antenna of this type will
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function satisfactorily over a fairly wide frequency range, as indicated
by the curve in Fig. 3. This curve shows the voltage developed across a
tuned circuit directly connected to a half-wave vertical antenna 96
inches long.

A small number of homes were found where the indoor half-wave
antenna did not intercept signals of sufficient strength to permit satis-
factory reproduction of the television programs. At these locations it
was necessary to erect the antenna in an unshielded location, such as
above the roof of the building, and connect it to the receiver through a
transmission line.

The field strength interference patterns encountered in the fre-
quency range from 40 to 80 megacycles made it necessary to determine
experimentally the antenna location which would provide the greatest
signal strength. An indication of these variations in field strength is
given by the contours in Fig. 4, which show the relation between re-
ceived signal strength and antenna location on the ground floor of a
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house. A vertical half-wave antenna directly connected to a tuned cir-
cuit and vacuum tube voltmeter was used to determine the signal
strength. From the contours in this figure it is evident that moving the
receiving antenna a distance of but one or two feet may change the
strength of the received signals by several hundred per cent. These in-
terference patterns are functions of both the frequency on which the
transmitter is operating and its geographical location. More than one
antenna might, therefore, be necessary to obtain satisfactory results in
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receiving signals from a number of television transmitters. This require-
ment is not as serious as it would seem at first thought, since a half-
wave antenna for frequencies above 30 megacycles is small and easily
erected.

Rapio-FreEQUENCY CircUITs

Two coupled tuned circuits were used in both receivers to transfer
the received signals from the antenna to the grid of the first detector.
The first tuned circuit was provided with suitable terminals so that the
antenna might be connected across either a part or all of the tuned
circuit. This tuned circuit was also provided with a separate tuning
control so that experiments with various antenna arrangements might
be conducted. The coupling between the two tuned circuits was so ad-
justed as to provide a flat-topped selectivity characteristic. The self-
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supporting coils used in these tuned circuits were one inch in diameter,
wound with No. 10 B. & S. copper wire. The radio-frequency resistance
of the coils was as low as permissible on the basis of the communication
band which the radio-frequency circuits must pass. The wl /R ratio
for the individual tuned circuits was approximately 125. Curve (a)
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in Fig. 5 shows the selectivity characteristic of a single tuned circuit at
50 megacycles. The selectivity characteristic of the two coupled tuned
circuits is shown in curve (b) of the same figure.

OSCILLATOR AND FIRST DETECTOR

The oscillator circuit used in both the sound and picture receivers is
shown in Fig. 6. A UY-227 tube functioned satisfactorily in this circuit
up to 80 megacycles. Electromagnetic coupling between the oscillator
and first detector tuned circuits was used to apply the desired oscillator
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voltage to the grid of the first detector which was a negatively biased
UY-224 tube. Fig. 7 shows the radio-frequency coil and tuning con-
denser arrangement.

In order to prevent the necessity of frequent retuning of a super-
heterodyne receiver, it is essential that the width of the frequency band
which the intermediate-frequency amplifier is designed to pass be
greater than the frequency deviations of the oscillator. The fulfillment
of this requirement may make it necessary to design the intermediate-
frequency amplifier to pass a frequency band which is several times the
width of the communication band it is intended to amplify. This condi-
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tion was encountered in the design of the sound receiver. The maximum
frequency variation of the oscillator, due to temperature changes of
the oscillator tuned circuit elements and variations in line voltage,
was approximately 0.1 per cent. With the oscillator tuned to 60 mega-
cycles, this degree of oscillator frequency instability might result in a
frequency deviation as great as four times the width of the communica-
tion band which the sound receiver was required to amplify. The com-
munication band required for the reception of the picture signals,

however, was several hundred kilocycles, making it unnecessary to
consider the oscillator frequency variations in the design of the inter-
mediate-frequency amplifier for the picture receiver.

PicTURE RECEIVER INTERMEDIATE-FREQUENCY AMPLIFIER

The wide communication band necessary to provide satisfactory re-
production of the television program required the use of a compara-
tively high intermediate frequency to obtain the desired amplification
and selectivity characteristics. A high intermediate frequency was also
desirable to minimize the interference due to a transmitter separated in
frequency by twice the intermediate frequency from the transmitter
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whose signals it was desired to receive. A consideration of both these
factors led to the choice of 6 megacycles as the intermediate frequency
for the picture receiver. The complete intermediate-frequency amplifier
used four transformers, each having two tuned circuits so coupled as
to give a selectivity characteristic of the desired band width. A damp-
ing resistor was used across the primary of each transformer to flatten
the top of the selectivity characteristic. The two resonant circuits in
each transformer were tuned by means of small adjustable condensers.

Fig. 8

The arrangement of the coils and condensers in an individual trans-
former is shown in the photograph in Fig. 8. The long, narrow trans-
former construction permitted the location of a tuned circuit at the top
and bottom of each transformer, thus making possible the use of very
short leads to the grid and plate of the associated tubes. The same type
of metal shield was used for both the transformer and amplifier tube.
The selectivity characteristic obtained from a single intermediate-
frequency stage of the picture receiver is shown by curve («) in Fig. 9.
The over-all selectivity characteristic of the three-stage amplifier is
shown in curve (b) of the same figure. The voltage gain of this amplifier
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as measured from the grid of the first detector to the grid of the second
detector was approximately 7000.

SoUND RECEIVER INTERMEDIATE-I'REQUENCY AMPLIFIER

Both the sound and picture receivers were to operate in the same
cabinet, and it was therefore undesirable to use the same intermediate
frequency in both receivers because of the possibility of coupling be-
tween the two amplifiers causing interference. Four megacycles was
chosen as the intermediate frequency for the sound receivers. The in-
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termediate-frequency amplifier was designed to pass a band of 50 kilo-
cycles in order to minimize the effects of the oscillator-frequency varia-
tions. The sound receiver intermediate-frequency transformers were
similar in design to those used in the picture receiver. Three transform-
ers were used in the complete amplifier. The selectivity characteristic
of an individual transformer is shown in curve (@) in Fig. 10. Curve (b)
in the same figure shows the over-all selectivity characteristic of the
complete amplifier. The voltage gain, as measured from the grid of the
first detector to the grid of the second detector, was 8000. Fig. 11 shows
a comparison between the intermediate-frequency amplifier selectivity
characteristics of the picture receiver, the sound receiver, and a typical
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broadcast receiver. These characteristics are shown in curves (a), (b),
and (c), respectively.

PicTurRE-FREQUENCY AMPLIFIER AND DETECTOR

The picture-frequency system of the television receiver consisted of
a negatively-biased detector and a two-stage resistance-coupled ampli-
fier. The television system for which the receivers were designed made
use of a carrier wave which was modulated with both picture and syn-
chronizing impulses. The synchronizing impulses were slightly larger
in amplitude than the picture impulses. In order that this difference in
amplitude between the picture and synchronizing impulses might be
accentuated in the receiver, two separate output tubes were provided.
One of these tubes was used to supply the picture impulses to the grid
of the kinescope, while the other was use to impress the synchronizing
impulses on the vertical and horizontal deflection circuits in the kine-
scope unit. The bias on the synchronizing output tube was made suffi-
ciently negative to distort the impulses supplied to its grid, and thereby
accentuate the difference in their amplitudes. The high negative bias
used on the synchronizing output tube caused a decided reduction in
amplification. In order that sufficient output might be obtained from
the synchronizing output tube without overloading the picture output
tube, the grids of these two tubes were connected to a tapped resistor
which was coupled to the plate of the first low-frequency amplifier tube
through the usual coupling condenser. The grids of the two output
tubes were connected to the tapped resistor so that the impulses ap-
plied to the grid of the synchronizing output tube had twice the ampli-
tude of those applied to the picture output tube. A potentiometer con-
nected in the plate circuit of the picture output tube was used to con-
trol the amplitude of the signals applied to the grid of the kinescope.
A potential variation of only ten volts on the grid of the kinescope was
sufficient to provide full modulation of this type of light source. This
voltage could readily be obtained from a UY-224 tube, even though a
comparatively low value of load resistance was used to obtain the de-
sired frequency response characteristic. UY-224 tubes were likewise
used for the synchronizing output tube, the first low-frequency ampli-
fier and the negatively-biased detector. The over-all frequency response
characteristic of the complete amplifier is shown in curve (a) Fig. 12.

AuDpI0-FREQUENCY AMPLIFIER AND DETECTOR

The audio-frequency system of the sound receiver was similar to
that employed in conventional broadcast receivers. The negatively-
biased UY-224 detector was followed by a resistance-coupled audio-
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frequency stage using a UY-227 tube. This tube, in turn, was coupled
through a transformer to the UX-210 output tube. The UX-210 tube
was used because it minimized the power required from the combined
socket power unit since the high plate potential used with this tube
was also required for the synchronizing circuits. The frequency-re-
sponse characteristic of the complete audio-frequency amplifier is shown
in curve (b) of Fig. 12. A comparison between curves (a) and (b) in this
figure shows the relative frequency characteristics of both the picture
and sound low-frequency amplifiers.
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CoMPLETE RECEIVERS

The general chassis arrangement of the picture receiver is shown in
Fig. 13. The four metal shields in the middle of the chassis contain the
intermediate-frequency transformers. The tubes are enclosed in the
other shields. Fig. 14 is a photograph showing the bottom view of the
chassis. The arrangement of the by-pass condensers and coupling re-
sistors is illustrated in this figure. Fig. 15 shows the general arrange-
ment of the sound receiver chassis. Three of the shields on this chassis
contain intermediate-frequency transformers ; the remainder are tube
shields. Both receivers were mounted in the cabinet on blocks of sponge
rubber to prevent the vibrations from the loud speaker being trans-
mitted to the receiver chassis. The plate, grid, and filament potentials
for both receivers were supplied from the common socket power unit.

At the time the receivers were designed and built, a reliable attenu-
ator for ultra-high frequencies was not a\ ailable for use in measuring
the absolute sensitivity of the receivers. Field tests of the receivers at
various locations, however, indicated that the sensitivity of both the
sound and picture receivers was sufficient to reach the normal noise or

«
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Fig. 13

Fig. 14
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interference level. The over-all selectivity curves of the sound and pic-
ture receivers are shown in Fig. 16. Curve (a) is the selectivity charac-
teristic of the picture receiver, and curve (b) the corresponding charac-
teristic of the sound receiver. The over-all fidelity characteristics of the
two receivers are substantially the same as the characteristics of their
low-frequency amplifiers, as shown in Fig. 12. The fidelity of the pic-
ture receiver was such that the reproduced pictures were practically
identical in detail with those obtained on the monitor unit at the trans-
mitter.

OBSERVATIONS ON THE RECEPTION OF TELEVISION
AND SOUND PROGRAMS

These experimental ultra-high-frequency picture and sound re-
ceivers were in use for some time, and a number of interesting observa-
tions were made.

The only evidence of static which was encountered during the field
tests was an occasional click from the loud speaker at the time of a
lightning flash in the vicinity. No evidence of multiple images or fading
was found. The only fluctuations in the strength of the received signals
which were noted were due to the motion of objects near the receiving
antenna. An automatic volume control could compensate for these
fluctuations satisfactorily if the minimum signal strength were sufficient
to give the required signal-to-noise ratio. The chief source of man-made
interference which was observed was the ignition systems of airplanes
and automobiles. Tests which were made indicated that this type of
interference can be greatly reduced by the use of resistors in the spark
plug and distributor loads. At those locations where the field strength is
weak and the receiver is located near a street on which there is consider-
able traffic, it may be desirable to erect the receiving antenna as far
from the street as possible and connect it to the receiver through a
shielded transmission line.

The psychological effect of interference in the picture and sound
programs is very interesting. Prior to the tests it was felt that for a
given interference the field strength necessary to give a satisfactory
signal-to-noise ratio would be much greater for the picture signals than
for the sound signals, because of the wider communication band re-
quired for the picture signals. The conclusion reached by a number of
observers, however, indicate that the effect of interference, such as that
due to the ignition systems of automobiles, on the picture programs was
not as serious as expected on the basis of the above assumption. In
several instances such interference produced a more objectionable effect
on the sound program than it did on the picture program. Whenever
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the interference was of sufficient amplitude to destroy the picture syn-
chronization, it likewise prevented the satisfactory reception of the
sound program. The effect of interference of a temporary nature on the
picture program could easily be avoided by glancing away from the
picture. With the sound program, however, the only means of obtaining
relief from such interference was either to turn off the set or turn down
the volume control.

In the case of the usual sound broadeast program, the listener can
obtain some measure of enjoyment while reading or engaged in some
other diversion. To derive any degree of pleasure from a television pro-
gram requires the entire attention of the observer.
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VACUUM TUBES OF SMALL DIMENSIONS FOR USE
AT EXTREMELY HIGH FREQUENCIES*

By
B. J. TuomprsoN and G. M. RosEg, JR.

(Research and Development Laboratory, RCA Radiotron Company, Inc., Harrison, New Jersey)

Summary—This paper describes the construction and operation of very small
triodes and screen-grid tubes intended for reception at wavelengths down to 60 centi-
meters with conventional circuits.

The tubes represent nearly a tenfold reduction in dimensions as compared with
conventional receiving tubes, but compare favorably with them in transconductance
and amplification factor. The interelectrode capacitances are only a fraction of those
obtained in the larger tubes.

The triodes have been operated in a conventional feed-back oscillator circuit at a
wavelength of 30 centimeters with a plate voltage of 116 volts and a plate current of
3 milliamperes.

Receivers have been constructed using the screen-grid tubes which afford tuned
radio-frequency amplification at 100 centimeters and 76 centimelers, a gain of ap-
prozimately four per stage being oblained at the longer wavelength.

INTRODUCTION

N recent years interest in the possibilities of radio communication

at wavelengths of less than three meters has been greatly in-

creased, because of the imminent saturation of the spectrum of
greater wavelengths and of the peculiar properties expected of these
short waves. As a study of radio transmission requires transmitting
and receiving apparatus, much effort has been devoted to the develop-
ment of equipment suitable for such wavelengths, the types of tubes
and circuits used at longer wavelengths having proved unsatisfactory.
It is the purpose of this paper to describe a study of the possibilities
of vacuum tubes of very small physical dimensions for use in radio
reception at wavelengths as short as 60 centimeters.

As the minimum wavelength of commercial radio communication
has been reduced, refinements of the previously existing types of re-
ceiving apparatus have been made, until it is now possible to use either
tuned radio-frequency amplification or superheterodyne amplification
followed by a triode type detector at wavelengths as short as five
meters. It had been found that the vacuum tubes constituted the limit-
ing factors at about ten meters, and subsequent reduction in wave-
length has been made possible by improvements in tube design. In

* Decimal classification: R331. Original manuscript received by the Insti-

tute, May 15, 1933. Presented before Eighth Annual Convention, Chicago,
Illinois, June 26, 1933. Presented before New York Meeting, October 4, 1933.

1707




1708 Thompson and Rose: Vacuum Tubes of Small Dimensions

all of this work the apparatus in use differs from the conventional
long-wave apparatus only in refinement. The limit of the improve-
ments by this method seems definitely to have been reached at about
three to five meters wavelength, due to various characteristics of the
tubes.

As what appeared to be a wall was reached in this refinement of
conventional long-wave apparatus, it was natural that investigators
should seek other and radically different means for reception. By far
the greatest amount of attention has been devoted to the study of
Barkhausen-Kurz! or Gill-Morrell? oscillations, which may readily
be obtained at wavelengths as short as thirty centimeters. Many
schemes for the use of these oscillations in reception have been de-
scribed, some of the circuits resembling the well-known superregenera-
tive detector, others being used as heterodyne detectors, but the
majority being more obscure in their principles of operation.s In gen-
eral, all use only one tube —or one stage—at the ultra-high frequency,
the amplification being carried out at an intermediate or low frequency.
Other schemes have been proposed, using oscillating magnetrons, for
example.

It is the authors’ experience that these methods all suffer from one
or more serious faults when considered from the standpoint of practical
use. Nearly all of the methods are wasteful of plate power. Many are
insensitive in the extreme. The more sensitive are unstable, in general.
Tuning is broad. The most serious faults shared by all are limitation
of sensitivity, due to the fact that no amplification may be had ahead
of the detector, and radiation from the oscillator which is coupled di-
rectly to the antenna.

The purpose of the work described in this paper was to reduce
the lower wavelength limit of the conventional types of tubes and
circuits in order to obtain their advantages of simplicity at wavelengths
below one meter.

THEORETICAL CONSIDERATIONS

The limitations imposed on tuned radio-frequency reception at
the present lower wavelength limit are due to a number of factors.
These are:

(1) The interelectrode capacitances of the tube are so great that,
with the addition of the tuning capacitance, the L/C ratio is too low
for a value of impedance sufficient to afford appreciable amplification.

! H. Barkhausen and K. Kurz, Phys. Zeit., vol. 21, no. 1; January, (1920).

?E. W. B. Gill and J. H. Morrell, Phil. Mayg., vol. 44, no. 161; July, (1922).

% A considerable bibliography on this subject is given by W. H. Wenstrom,

Proc. I.R.E,, vol. 20, no. 1, pp. 95-112; January, (1932). The papers by Holl-
mann, Uda, Okabe, and Beauvais, in particular, discuss receiving circuits.
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(2) The lead inductances of the tube are so great that much of the
output voltage of the tube appears inside the bulb, where it is un-
available.

(3) The interelectrode capacitances and lead inductances form a
tuned circuit at a wavelength well above the limit desired.

(4) The time of transit of the electrons across the space between
electrodes becomes an appreciable part of a period which results in a
reduction in the effective amplification of the tube.

(5) As the wavelength is reduced the radio-frequency resistance of
the circuit is increased with a consequent reduction in resonant im-
pedance.

It will be seen that most of these limitations are associated with
too large a ratio of some fixed characteristic of the tube to those char-
acteristics of the circuit which vary with frequency. These character-
istics of the tube are fixed only for a given design; however, any
change in design which results in lower transconductance, as would
be the case with increased interelectrode spacing to reduce capacitance,
cannot be considered a genuine improvement. '

In a vacuum tube, if all linear physical dimensions are kept in a
fixed ratio to each other there will be no change in transconductance,
plate current, or amplification factor at fixed operating voltages, no
matter what changes are made in the actual magnitude of the linear
dimensions. On the other hand, the values of interelectrode capaci-
tance, lead inductance, and time of electron transit are in direct pro-
portion to the magnitude of the linear dimensions.*

These considerations lead directly to the principle on which this
work is based: for optimum design at any wavelength, all tube and
circuit linear dimensions should be in proportion to the wavelength.
This principle is modified in practice since, at longer wavelengths,
there is no advantage in making the tube of large size and it becomes
inconvenient to make the tuned circuit of optimum dimensions.

Unfortunately, it is not to be expected that this proportionality of
dimension will result in constant amplification, since the resonant
impedance, L/RC, is reduced as the wavelength becomes shorter.
However, on the basis of Butterworth’s formulas for high-frequency
resistance’ and Coffin’s formula for inductance, with Rosa’s correction,®
a coil having the following dimensions:

+ A statement and proof of part of this may be found in that remarkable
paper by Langmuir and Compton, “Electrical discharges in gases”, Part II,
Rev. Mod. Phys., vol. 3, no. 2, p. 252; April, (1931).

® 8. Butterworth, Exzp. W. & w. Eng., vol. 3, nos. 31, 32, and 34, pp. 203
210; 309-316,; 417-424; A&ril May, and July, (1926).

* E. B. Rosa and o érover, Scientific Paper of the Bureau of Standards
No. 169. third edition, pp. 117-122, December, (1916).
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length=1/8 in.
diameter=1/8 in.

turns =25

wire d'ameter =0.020 in.

should have a resistance of 0.37 ohm and an inductance of 5.87 X 10 #
henry at 50 centimeters wavelength. A capacitance of 1.2X 10
farad would be required for resonance, giving an impedance, I./R(’,
of 132,000 ohms. This high value in comparison to those obtained at
longer wavelengths may be accounted for in part by the fact that the
coil is of much more nearly optimum design than those used at the
longer wavelengths.

Fig. 1—Small triode and screen-grid tube compared with a conventional
size 57 type tube. The triode is shown at the left.

Since tubes of conventional size have been found to have a lower
wavelength limit of about five meters, the principle of proportionality
requires a tenfold reduction of linear dimension to produce a tube
capable of amplification at a wavelength of 50 centimeters.

Both screen-grid tubes and triodes representing such reductions
have been constructed and studied in operation.

TUBE STRUCTURE

A photograph of these tubes is shown in Fig. 1. A conventional size
type 57 tube serves as a standard of comparison. The largest dimension

e e e ettt ittt
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of either of these small tubes is less than three quarters of an inch, and
the elements themselves are correspondingly small.

Both types of tubes are of parallel plane construction and have
indirectly heated cathodes.

In the triode the parts are sufficiently light in weight to permit
supporting them on their lead wires alone. This has resulted in the
elimination of capacitances which would otherwise be present between
the various elements and the support structure. Both plate and cathode
are of the same shape, consisting of two small metal cups placed back
to back with the grid interposed between them. The cathode cup has
within it a small heater; its outer surface is coated with the emitting
material. The grid is of mesh fastened on a support ring. The inter-

0 og 0 o)

Fig. 2 - Cross-section view showing the structure of the small triode.

electrode spacings are only a few thousandths of an inch. Fig. 2 shows
the general construction.

The assembly scheme of the triode cannot be satisfactorily applied
to the screen-grid tube because of mechanical complications arising
from the presence of the second grid. A different method is used which
is productive of a stronger and more rigid assembly. The tetrode parts,
however, are of the same size and shape as those of the triode, with
the addition of the screen grid which is similar to the control grid
though somewhat larger.

A small ceramic disk serves as a foundation upon which the tube
parts, with the exception of the plate, are assembled. It, therefore, acts
as a common supporting insulator. The correct spacings between the
grids and the cathode are obtained by adjusting their individual dis-
tances from this insulator. As the distance from the plate to the screen
grid is not so critical, the plate is supported by its lead wire from the
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Fig. 3—Cross-section view showing the structure of the small screen-grid tube.

glass bulb. The spacings between the other parts is again only a few
thousandths of an inch. The general construction is shown in Fig. 3.

The bulbs used to enclose both types of tubes are in two parts
which are more or less hemispherical in shape. These two parts are
placed together with the mount inside, and a seal is made between
them. All of the triode leads pass through this seal, thereby eliminating
the need for a stem as ordinarily used. In the tetrode separate seals

é‘EXTERNAL SHIELD
R PLATE LEAD

SCREEN GRID

CONTROL
GRID LEAD

Fig. 4—View showing the screening arrangement used with
the small screen-grid tube.
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are made at opposite ends of the bulb for the plate and control-grid
leads while all of the remaining leads come out through the main seal.
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Fig. 5—Mutual characteristics of the small triode.
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Fig. 6 Plate characteristics of the small triode.

In the case of the tetrode this general arrangement has advantages
from the standpoint of sereening. The mount is so placed in the bulb
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that its screen grid lies just above the plane of the seal and extends
almost to the glass. It is readily seen from Fig. 4 that when the external
shield is placed as indicated the plate is effectively isolated from the
control grid. The screen-grid lead is quite short and comes out adjacent
to the external shield where it can be readily grounded, thus minimiz-
ing screen-lead impedance. This holds true for the heater and cathode
leads likewise.
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Fig. 7——Plate characteristics of the small screen-grid tube.
ELECTRICAL CHARACTERISTICS

From an examination of the static characteristics of the triode,
which are shown in Figs. 5 and 6, it is readily seen that these char-
acteristics are directly comparable both as to magnitude and shape
with those of an ordinary triode. Under the operating conditions,
plate voltage =67.5 volts and grid voltage = —2 volts, the values of
the various parameters are as follows:

Plate current=4 ma

Plate resistance =9, 500 ohms
Transconductance = 1550 pa/v
Amplification factor =14.7.

The interelectrode capacitances for these tubes have been measured
as follows:
Grid-cathode capacitance =0.7 wuf
Plate-cathode capacitance =0.07 wuf
Plate-grid capacitance =0 8 puf.

As might be predicted from the results of the measurements on the
triode, the tetrode characteristics are likewise similar to those of the
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larger tubes of this sort. A family of plate-current—plate-voltage
curves is shown in Fig. 7. Points were not taken for the lower values
of plate voltage because of the excessive values of sereen-grid current.
The mutual family of curves is given in Fig. 8. Under the operating
conditions, control-grid voltage = —0.5 volt, screen-grid voltage =67.5
volts, and plate voltage =135 volts,

Plate current =4.0 ma
Transconductance=1100 ua/v
Plate resistance = 360,000 ohms
Amplification factor =400.

The values of the interelectrode capacitances are:
Input capacitance =2.5 uuf
Output capacitance =0.5 uuf
Plate-grid capacitance =0.015 upf.
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Fig. 8—Mutual characteristics of the small screen-grid tube.

OPERATION

 Tests have been made upon both the triodes and the screen-grid
tubes to determine how well they will perform in conventional circuits
at wavelengths much lower than the minimum at which ordinary tubes
will function.
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The minimum wavelength at which a triode will generate oscilla-
tions offers a means for comparing it with ordinary tubes. The value
of this minimum wavelength of oscillation is of particular interest
here because it shows how closely a normal feed-back oscillator can
approach those wavelengths generated almost solely by Barkhausen
tubes and circuits.

An inductive feed-back oscillator was set up whose inductance con-
sisted of several turns of small copper wire wound in a solenoid about
one eighth of an inch in diameter tuned only by the tube interelectrode

ST
e
0000000 —

;

Fig. 9—Circuit diagram of the ultra-high-frequency oscilla-
tor using the small triode.

i
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capacitances. The circuit is given in Fig. 9, while a photograph of the
oscillator is shown in Fig. 10. With a coil of six turps very stable 65-
centimeter oscillations were produced with as low as 45 volts on the
plate of the tube. Smaller coils gave shorter wavelengths with con-
tinued stability until a minimum wavelength of slightly below 30
centimeters was reached with a coil of only one turn. Oscillations at
this wavelength could be sustained with as low as 115 volts on the
plate of the tube and with a plate current of approximately 3 milli-
amperes.

Owing to the difficulty of making quantitative measurements of
radio-frequency amplification at wavelengths of one meter and less,
the gain realizable by the use of the screen-grid tubes was determined
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by their operation in actual receiving sets. The first set consisted of
two stages of tuned radio-frequency amplification, a detector, and one
stage of audio-frequency amplification. The screen-grid tubes were
used in the radio-frequency amplifier stages and the small triodes as
the detector and audio amplifier. The whole set, of which photographs
are shown in Figs. 11 and 12, was enclosed in a brass box seven inches
long, three inches high, and three inches wide. Small coils such as those
used in the oscillator tuned by almost equally small variable condensers
constituted the tuned circuits. In order to prevent any signal pick-up
except through the antenna, the batteries and all external leads were

Fig. 10—Photograph of the ultra-high-frequency oscillator. Several tuning coils
for different wavelengths are shown.

enclosed in metal shielding. With the set so shielded there was no

trace of oscillation in any of the circuits. The tuning range of the re-

ceiver was from about 95 to about 110 centimeters.

An oscillator operating at a wavelength of 100 centimeters, con-
sisting of one of the small triodes modulated by a broadcast receiver
and loosely coupled to a half-wave radiator, was set up in an open
area. The total plate power supplied to the oscillator was 68 milliwatts.
Photographs of this transmitter are shown in Figs. 13 and 14.

With the receiver located about 200 feet from the transmitter, sig-
nals of good strength were received with the half-wave receiving an-
tenna coupled to the input of the first radio-frequency stage but none
could be heard with the antenna coupled directly to the detector. From
other listening tests it was estimated that the gain per stage was of
the order of four.
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Fig. 11—Photograph of a tuned radio-frequency receiver for a wavelength of
100 centimeters. The scale is marked in inches.
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Fig. 12-—Photograph of the complete 100-centimeter receiver arrangement.
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Fig. 14— Photograph of the 100-centimeter transmitter.
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The second receiver was constructed to operate at 75 centimeters
or thereabouts. This set was not so elaborate as the one previously
described, but more care was taken in placing the tubes so that all cir-
cuit connections would be shorter than before. It consisted of one
stage of radio-frequency amplification and a grid-leak detector. As
before, the set was enclosed in a small brass box and completely
shielded. Fig. 15 shows a photograph of this receiver.

Fig. 15—Photograph of the tuned radio-frequency receiver for a wavelength of
75 centimeters. The scale is marked in inches.

Inasmuch as it was desired to obtain as high a value of input and
coupling circuit impedances as possible, tuning condensers were elim-
inated and use was made of the tube interelectrode capacitances only.
This made it necessary to fix the tuning of the set. The initial tuning
necessary to line up the amplifier and detector circuits at approx-
imately 75 centimeters was accomplished by changing the turn spacing
of the tuning coils, thereby varying their inductances. The frequency
of the transmitter was adjusted by means of a variable condenser
to bring it into tune with the receiver.

Following much the same procedure as before, except.that the
distance from oscillator to receiver was less and the tests were carried
out in a large shielded room, the receiver output when the antenna was




Thompson and Rose: Vacuum Tubes of Small Dimensions 1721

coupled to the radio-frequency stage was compared to its output when
the antenna was coupled directly to the detector. Again these com-
parisons were qualitative rather than quantitative. While the con-
tribution of the radio-frequency stage was found to be small, it did
furnish some gain as evidenced by the increase in output when it was
operating.

(CONCLUSION

While no claim is made to optimum design of either tubes or cir-
cuits, it has been demonstrated that it is possible to produce tubes of
small physical dimensions with characteristics which permit radio-
frequency amplifiers, oscillators, and detectors to be used at wave-
lengths well below one meter in the conventional manner. 1t may be
of interest to consider the significance of these results.

A sensitive, compact, and economical receiver should be only a
problem of design in accordance with well-known principles. For ex-
ample, a superheterodyne circuit might be used, with one stage of
radio-frequency amplification to block the local oscillator from the
antenna. The intermediate frequency might well be in the range from
two to five meters, as these tubes should afford excellent amplification
at such wavelengths.

In conclusion the authors wish to point out that the tubes which
have been described were made in the laboratory with the object of
demonstrating certain fundamental principles, rather than of produc-
ing a commercial tube design. However, it is hoped that these prin-
ciples will be of value in the future development of special short-wave
tubes.
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OPERATION OF TUBE OSCILLATORS ON A
COMMON LOAD*

By

S. I. MobpEL
(State Weak-Current Corporation, Radio Transmitter Research Institute, Leningrad, U.S.S.R.)

Summary —This paper presents the problem of obtaining high power by
means of a great number of tube oscillators operated in parallel. The principal dis-
advantages of conventional parallel connection are listed, and the advantages of sub-
division of tubes tnto groups (units) with their tank circuits coupled to a common
load circuit are shoun.

Two principal methods of connecting units, viz., series and parallel, are dis-
cussed. Their equivalence both with regard to power and to the possibility of connect-
ing logether various power and voltage units is proved. Theoretical analysis is tllus-
trated by experimental data.

HE problem of obtaining high powersin radio-frequency circuits

has usually been attacked in two ways, by increasing the power

of vacuum tube generators and by connecting them in parallel.
The increase in output of transmitting stations ordinarily overspeeds
the growth of power of individual tubes, so that a large number of
tubes had to be connected in parallel to supply the power required.

Until recently power stages of many transmitters were composed
of push-pull connected tubes operated in parallel. The conventional
parallel connection of large numbers of power tubes in 100-kilowatt
broadcast transmitters of U.S.S.R. has proved to have no considerable
operating difficulties. However, this conventional parallel connection
method has some disadvantages; namely,

1. With shorter waves parallel connection of many tubes is not feasi-
ble due to the considerable parasitic capacities making the plate-circuit
impedance too low. With longer waves the design of the transmitter
becomes complicated due to the same parasitic capacities.

2. For long waves the problem of parallel overation of tubes may be
considered as practically solved. The problem is confined to providing
means for securing the continuity of operation of the transmitter in
case of a failure with any one of the tubes. Even with various individ-
ual devices, it oceurs sometimes that such a failure results in cutting

off several other tubes or the entire stage, 1.e. In shutting down the
whole station.

* Decinr_l.al classification: R140. Original manuseript received by the Insti-
tute, July 28, 1933. In the original form printed in Russian in “Vestnik Radio
nos. 5-6, (1932).
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3. A difficulty is encountered in connecting spare units during
operation, which is desirable for maintaining constancy of power and
operating conditions of the station.

4. At lower plate voltages the design of the tank circuit becomes
complicated, because its impedance should be very low.
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All these difficulties are largely eliminated when the power stage
of the transmitter is composed of units (or groups) instead of tubes
in the conventional parallel connection. Each unit consists of a smaller
number of tubes (depending upon the number of units) and an oscillat-

Fig. 2

ing tank circuit coupled to another circuit (or antenna) which loads
all the units (Figs. 1 and 2). Apart from other advantages, such a sys-
tem simplifies supplying power to the transmitter.

Fig. 3

In the present paper the principal methods of connecting and oper-
ating units are considered from the standpoint of the above consid-
erations. Long waves are mainly kept in view. It is obvious that
independently of the diagram of connections, any unit may be repre-
sented by the equivalent network shown in Fig. 3, wherein uF, =the
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electromotive force of the tube generator, ;=its internal resistance
(its value being dependent on the wave shape of the plate current),
and R,"— IZ, = the resistance of the common circuit reflected to a given
unit.

There are two principal diagrams of connection of units, series (Fig.
1) and parallel (Fig. 2). All other diagrams are modifications of these
two.

I. SEriEs ConNEcCTION OF UNITS

Consider n series-connected units. Assuming that all unit circuits
are in resonance and quite identical, that their electromotive forces of
excitation are in phase and also that the units are similarly coupled
to the common circuit, we can write, for the power in common circuit,
the following expression:

”"2 = 122152 = n112([l)1’ — 1{1),
wherein, F,’=total resistance which consists of loss resistance (R;) of

the unit circuit and of reflected resistance from the common circuit.
On the other hand,

I]_an
2 H2
whence, solving for the resistance,
I\? R w?M?n
- mo- (F) S0 (1
1 n R
In the case of a single unit and the same coupling M,
w‘zﬂ'/[?

R — R, = - (2)

R

The comparison of (1) and (2) shows that, as far as any individual
unit is concerned, the series connection of # units is equivalent to in-
creasing the coupling between unit circuit and common circuit \vn
times, or else to decreasing the resistance R, of common circuit n times.
Therefore, frequency characteristics and efficiencies of the unit cir-
cuits will in this case depend not only upon the degree of their coupling
to the common circuit, but also upon the number of units being con-
nected. It is obvious, that with a constant coupling factor between
the unit circuits and the common circuit, the efficiency of the former
will increase with the number of units. Moreover, the increase in the
reflected resistance will lower the equivalent impedance Z of the unit
circuits. Thus, a change in the number of units will vary the operating
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conditions and output of each unit. In the case of a single unit, the
equivalent impedance Z of the plate circuit will be a maximum, and
oscillating power will be a minimum. Considering the modulation curve
we can see that the position of the telephone (carrier) point in relation
to that of maximum operating conditions will depend upon the number
of units in service, and consequently, accurate adjustment to tele-
phone (carrier) power is possible only when all the units are connected;
if one unit is connected the coupling should be increased +/n times.

All the above statements are true when there is no coupling be-
tween the common circuit and the circuits of idle units (or when their
influence is somehow eliminated). Consider n units in operation each
of them having impedance Z and circuit efficiency n which is deter-
mined as

Ry — R,

Ry

17:

Assume that the electromotive force of one of the units is switched
off (Fig. 4). Then the resistance R, of the common circuit will increase
by a considerable amount

ARy = ——

Fig. 4

due to the load of the idle unit; supposed to be tuned exactly to the
frequency of transmitter.

This will result in a considerable change in operating conditions
of the remaining (n— 1) units; the current in the common circuit and
power transmitted will both decrease. The variation of impedance of
each of the (n— 1) units may be determined by simple calculations,

Z' = ez,
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wherein,
n(l —1q) + 19 .
n(l =) '
the variation of current in the tank circuit of each of (n—1) units is
| + 4
I R
Ly  Z
+
€ R

Here v is the coefficient of variation of internal resistance of unit osecil-
lators which is caused mainly by overexcitation of the oscillators, pro-
ducing a distorted plate current wave shape.

The variation of current in the common cireuit,

I:/ ]1, e
[0-]1 en

IV '/ <]‘ />"
W, \I,
Variation of current in idle unit,

I I
= —nle — 1).
Il ]5)

Variation of output,

Consider a radiotelephone transmitter consisting of six units. Un-
der normal operating conditions Z /R, =0.2, (approximately).

Assuming £,=0.45 £, (wherein E, is the tank circuit alternating-
current voltage and E; is the plate supply voltage), the change in
operating conditions in the case of dropping out of one unit is illus-

trated by Table I. The respective efficiencies apply to the full number
of units.

TABLE I
| I /(5 W, 1
n ’ €

I I 5% 1

0.9 2.5 1 2 0.67 | 0.45 6
0.92 | 2.9 1.1 2.1 0.6 0.36 6.9
0.94 | 3.6 1.3 2.15 0.5 0.25 | 7.8
0.96 5 1.9 2.2 0.37 0.14 | 8.9
0.98 9.2 2.5 2.6 0.235 0.055 | 11.5

Apart from a considerable increase of current in the idle unit tank

circuit and a sudden drop of power, the dropping of a unit will cause
serious modulation distortion.
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In a radio transmitter the current increase would be lower due to
greater distortion of the plate current wave shape. Less serious conse-
quences will result if the filament circuit of the idle unit is not broken,
because in this case the idle unit circuit will load up the plate circuit
of the tube oscillators. Moreover, the circuit of the idle unit may not
be exactly tuned to the transmitter frequency, which is very likely
in general, as the tuning is adjusted for a minimum direct-current com-
ponent of plate current. Anyhow the influence of the idle unit upon the
common circuit should be eliminated to avoid the undesirable effects
in operation of the system.

Asin the case of the conventional series connection of electromotive
forces, this scheme permits, generally speaking, the operation of units
of unequal power, to obtain the proper output from each. For ex-
ample, consider n, units with output W, and ratings M,, 1., and R./,
and nm, units with ratings Wi, M4, I, and R,’. Then the output of a

unit of group a,
W. = LwMI,.

Load on the unit is determined by the resistance reduced to its tank
circuit
Wa I,
ol = wM, ,
/[ I,

R,’

Current in the common circuit
I naIawMa + nblwab

R,
whence,

oY oﬂM:?( i LywM, > w?M, 2( i w, > 3)
== na n7, = y na n o
R LwM, 1,’2 "w,

The output of each unit can be determined from readings of cir-
cuit meters. Switching on each unit separately we have,

I,
w 1” = ,I);

/

With joint operation
I,
” =] w “laiz == [2/2/lf2[ /‘ (4)

Full oscillating power of unit

I
W ~ [a21{a + lzlzllfz [ /' (4/)
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It should be kept in mind that dissimilar operating conditions of
units may result in a number of them consuming power instead of de-
livering it. Assume that one of the units is operated under modified
conditions as compared to the rest n’ units, Fig. 5. Then with syn-
chronous excitation all the units

Ea(Rle + w2JIb2) - Ebw2JIaJ[b
C Ri(BiRe + M. + w2My2)
b’b([ﬁ]fz + n1w2J[a2) — Ean1w2MaMb

el e (5"
' RI(RIR4 + nw?M,? + wz]‘[bz)

(5)

Here E. and E, are equivalent electromotive forces of the tube
oscillators.

Asthe numerators are represented by algebraic differences, the con-
ditions may be created under which the current in the unit “b” will
have the opposite phase in relation to its electromotive force; this fact
indicates that the unit consumes power from outside. In extreme cases
(when the numerator equals zero) the full power supplied to the unit
will be dissipated on the plate. :

In comparison with the conventional parallel connection of tubes,
the unit system, apart from other advantages, adds to the flexibility
of the system, permitting load adjustments during operation of the
transmitter, by adjusting the coupling between units and tank cir-
cuit or by variation of plate supply voltage; by these means operating
conditions of any of the units can be made lighter, if necessary. These
methods cannot be recommended for a broadcast transmitter, because
wide regulation may affect modulation and frequency characteristics
of the transmitter. But the very possibility of such a regulation shows
that a spare unit may be put in service during operation of the trans-
mitter. By applying first filament voltage and grid bias and then low
plate voltage with loose coupling to load circuit the unit is protected
against overloads and overvoltages. The load on the unit may then be
increased up to the normal value, by raising the plate voltage and

L4
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tightening the coupling with the common circuit. (Equation (5) shows
that in bringing a spare unit into operation conditions may arise when
the unit will consume power from the external common circuit.) Such
introduction of a spare unit will not affect the normal operation of other
units.

II. ParaLLEL CoNNECTION OF UNITS

The connection diagram is shown in Fig. 2. The electromotive force
in each branch will be

E = jLwM.

By connecting equipotential points in case of equal electromotive
forces we obtain the equivalent network (Fig. 6).

Fig. 6

Current in each coupling coil

I,
1. =
n
At resonance conditions, when
1
(JJ[/2 = ]
wCy
evidently,
FE E
I, = — e = .
R2 nR2
The external resistance reduced to each unit circuit will be
wiM?
R/ — R, = . (6)
' nRz

In further analysis of operation of this system, the mathematics
may be somewhat simplified if the assumption is made that the in-
ductance of the common circuit consists only of those of coupling coils;

l1.e.,
L
112 == or "c = an.
n
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Thorough analysis shows that this assumption introduces no prinei-
pal changes.

Suppose now that only n; units are operated out of all the n units.
The currents in coils coupled to the operating units are designated by
I,"; the currents in other coils, by I,’”’ (Fig. 7).

I

L'na [’7, l_fn [nz Cz
Ro
? :

E

Fig. 7

Connecting equipotential points together, as before, the equivalent
network will be obtained, where,

’
Inl = nllz,, Ing = nzlz ,,

L, =1L,, L, =L

2

n2-

The current in the common circuit

. Jwl
12 = ]
L. +L,

| — L, Lo, + joRo(L,, + L..)

At resonance conditions, when,

1 L.,
I

L . 2 . -
wC; Ry(L,, + L,)

It is easy to see, that at resonance the current I, not only will be

in phase with its electromotive force but it will reach its maximum
value.

Currents in coupling coils

] Ln2- 1
I, = 1:,: = :I
RZ‘L"! + Lng : w(L,, + L-

I

Lo03

. L. L., , 1
= E .t ]
Ro(Ln, + Lo))*  “w(La, + L,,)
Thus, at resonance the current in the common circuit
n,

I, = E
nR

SE———— ——
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Currents in coils coupled to the operating units

n Nno
1= (el
n2R? wL2n2

Currents in the idle units coupling coils

ni . N
12// = E1< +] ») .
n2R2 0)]127?,('

Denote current in unit circuit by 7/, impedance reduced to the unit
circuit by Z,’; then the electromotive force in a coupling coil will be
]‘/' o j[le.

Reaction of the common circuit upon the unit eircuit will be expressed

by the counter electromotive force of mutual inductance.
- [g/jwM = I1Z1/
whence impedance reduced to the unit circuit
12/ . ni . N
Z/ = — —jwM or Z{ = wM? —j— : (7)
]1 n2R2 n2ng
Thus, in addition to the active inphase component
wM? n
Ry n?
the reduced impedance will have a reactive component,
CwIM? ng
—J
0)112 n

or expressing it in terms of decrement of the common circuit,

‘w2M2ng
- J 6‘-;
n211’-;
because,
R,
O)Lz - E
2
Therefore,
wiM? /n N
7z = < J02 ) : (8)
nlkR* \n n

The reactive component decreases as the number of units in serv-
ice increases; it is equal to zero when all the units are operated. This
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shows that the accuracy of tuning units in resonance depends to some
degree on the number of units in operation; maximum detuning occurs
when only one unit out of n is in operation.

If all units are in operation

wiM?

nR2

le = I{ll == 1{1 =

As under normal conditions the efficiency of a unit circuit is very
high, we can assume,

wM?
nR2 .

The inductance of a unit circuit is determined for normal operat-
ing conditions, when all the units are in operation. Thus, we have,

le = ]{1/51/,
wherein 6,’ is the equivalent decrement of a unit circuit when all the

units are in service.
The equivalent resistance with n; connected units will be,

n; Na
ol ~ R{(—— — 5y —) -
n n

The entering of the reactive component is equivalent to lowering
unit-circuit inductance by AL,

ALy 51 /52772

==

9)

In this particular case, when only one unit is in operation (maxi-
mum detuning),

. (10)

The relative decrease of inductance

AL, n—1
— = 0,'6

L1 n
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Let,
AL,
n=26 86 =016, & = 0.13, 7 =~ 1.7%,.

1

Maximum frequency detuning will be therefore of the order of 0.8
per cent—almost negligible under these conditions. The variation of
the active component resembles that of the series connection; when
the number of units in service is decreased the load on each unit is also
decreased, because the reflected resistance is diminished. For that rea-
son, the considerations of adjusting for telephone power, ete., hold true
in the case of parallel connection as well.

When one of the units, as for example in Fig. 2, drops out its effect
upon the rest of the system (due to coupling between its circuit and
the common circuit) is different from that when the units are con-
nected in series. If the tuning is accurate the circuit of the idle unit
will insert a considerable resistance in that branch of the common cir-
cuit which is associated with the idle unit; this resistance will some-
what detune the common circuit and the circuits of operating units.
The current in the idle unit circuit

1 1
]62‘
U S
— n)n n
1+. [_—— ‘ - i]
Tl g —1)

wherein,
I,’ — current in circuit of operating unit
n—unit circuit efficiency under normal conditions (before drop-
ping out).
As the currents in unit circuits undergo but slight change, the
modulus of current variation in the idle unit circuit is

Sl
‘ I 522

Ll 4/ 17—+ 7

: 1/1+ [(_ nn _n]

622 7’](71, - 1)

Let n=6. Then assuming 7=0.9+-0.98 and 1/6,=>5+ 10, the current
rise will be [I/I,]=2.5+4; i.e., less dangerous than in case of series
connection of units. Tests have shown that with filament voltage not

being removed the current in the circuit is then less than that under
normal conditions, due to the valve nature of the load. Anyhow, the
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effect of the idle unit is undesirable and should be in some way or other
eliminated.

From the power standpoint parallel connection of units is equiva-
lent to series connection; as the number of units in operation increases
the load of each unit also increases; both circuits permit connecting
units of different outputs and load them accordingly. If desired, the
unit load may be decreased by loosening the coupling to the common
circuit, by lowering the plate voltage, or by decreasing high-frequency
grid swing, etc. Both circuit schemes permit putting into service a
spare unit.

As compared to parallel connection of generators or transformers
in heavy current engineering, the parallel connection of radio units
permits greater freedom, because of the resonance tuning of the com-
mon circuit, the parallel connection of units is identical to the series
connection of generators.

Using the same symbols as in the case of series connection, we can

write
R wQMZ( oy W"> (11)
« = Ny b — .

nR,’ ’ w

The oscillating power of the unit,

1

I
W = I1.R, + Izlz’lle :

can be determined from readings of high-frequency meters.

As compared to series connection of units, the parallel connection
has the particular advantage that it permits more nearly comparable
conditions of coupling to the common circuit.

The above inferences are based on the assumption of synchronous
excitation of units. The synchronous condition may be easily checked
by readings of instruments pertaining to individual unit circuits and
to the common circuit during joint and individual operation.

Nonsynchronous operation of a unit is not to be allowed in either
the parallel or series connection, as it causes detuning of the unit cir-
cuits and subsequent reduction of output.

Nonsynchronous operation of units may in general be compensated
for by the proper tuning of tank circuits, as it is done, for example, in
“dephasage” modulation. Such a compensation is, however, interfered
with when the number of units operated or their coupling to the com-
mon circuit is changed, etc. It is therefore desirable to insure syn-
chronous operation without resorting to artificial means.
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In the case of long waves, the synchronous condition is easily main-
tained without special means; in the case of short waves it is attained
by proper design of circuits and feeders.

IIl. ExPERIMENTAL CHECR

The above statements were first experimentally checked in an in-
stallation consisting of three high-frequency stages, a master oscilla-
tor, a buffer amplifier, and a last stage which comprised four units
(each rated at 250 watts) operating on a common load. Some excerpts
from the experimental data are given below.

A. Series Connection of Unils

Tests have shown that in order to secuve stable results screening
is necessary not only for the first two stages but also for the units to
eliminate parasitic interaction between them. The interaction of units
without screening was easily detected when the common circuit was
broken; a slight change in tuning of one unit affected the currents in
other units so that it was hard to evaluate the accuracy of the tuning
of circuits. The interaction was completely removed by insertion of
screens between the units. The feed-back in various stages was in ad-
dition eliminated by careful neutralization of units and buffer ampli-
fier; this was at times checked during tests.

The study of series connection of units was carried out at wave-
lengths of about 400 meters.

The following sequence was held in tuning the circuits of the last
stage: First, the units were energized and their circuits tuned without
the common circuit ; then the common circuit was tuned, being loosely
coupled to one of the units; and then the coupling was increased to
normal. The common circuit was coupled to all the remaining units
one after another, and the coupling was increased until the same cur-
rent relation was obtained as in the unit tuned first. Thereupon all the
units switched on together. The character of the change of operating
conditions, as is shown in Table 11, completely proves the above state-
ments.

TABLE 11
W
n I I I E,/E R/'—R nt nk
1 40 3.7 2.3 04 21.6 1.6 0.6 0 45
2 55 3 56 4.6 1 43.5 3.5 0.62 0.64
3 58 3.05 5 8 0.86 46 5 0.56 071
4 68 2.77 7.1 51.5 6.7 0.49 0.77

Symbols used in Table II: n =number of operating units, I, =di-
rect-current component of plate current of one unit in milliamperes,
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I, =current in unit circuit, I, = current in common circuit, W, =power
in common circuit, B,”— 2, =resistance, n,=tube oscillator efficiency,
and 7, =unit circuit efficiency.

Plate voltage E3, grid bias e,, and high-frequency peak voltage on
the grid circuit ¥, were maintained at constant values:

Fr = 2000 volts, e, = — 115 volts, E, = 200 volts.
Circuit resistances were
R, = 2 ohms, R = 4.1 ohms.

The table shows that units were operated under synchronous con-
ditions. In effect, the current ratio I/I; is proportional to the number
of units (n) in service.

'3 i 3 UNITS
Ig
1 UNIT I,
/I,\_/\
%\
I o
'y
I 4 UNITS
2 UNITS I
I
T ~
W W
Fig. 8

The number of units in service affects not only the operating con-
ditions of a unit and the efficiency of its circuit, but also the frequency
transmission characteristic of the common circuit. This is fully proved
by resonance curves taken with various number of units (Figs. 10 and
11). In obtaining resonance curves the frequency of the master oscilla-
tor was varied with a corresponding adjustment of the circuit of the
buffer amplifier. The tuning of the circuits of the last stage (those of
the units and that of the common) was kept unchanged. High-fre-
quency voltage applied to the grids of the units was maintained con-
stant.
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Fig. 10 shows that the sharpest resonance curve in the secondary
circuit I, is obtained when one unit is in service. As the number of
units is increased the secondary current curve becomes flatter. The
curves in Fig. 11 were taken with closer coupling and less overexcita-
tion: one unit gives a single-humped curve of I,; two units, a flatter
curve resembling double-humped; three units, a double-humped curve
with closely spaced peaks; four units, a very pronounced double-
humped curve with far spaced peaks.

I b &
1 UNITS 3 UNITS
Iz
1
(]
I
I 4 UNITS
2
I
(A) @
Fig. 9

As was pointed out above, the connecting of several similarly
loaded units is equivalent to an increase of the coupling factor of each
unit with the common circuit in the ratio of the square root of the
number of units;i.e.,

M, = M~/n.

This was fully proved by actual tests.

All the above statements regarding unequal loading of units were
experimentally confirmed.

The connection of two units with equal but phase opposing electro-
motive forces gave the same effect as no-load connection of units; as
if the common circuit were broken. It is interesting to note, that in this
case both units could easily be fully loaded by detuning their circuits
in opposite directions (increasing capacity in one and decreasing it in
another).
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In all tests with an incomplete number of units, the circuits of idle
units either were broken or detuned, after which their coupling to the
common circuit was loosened. Retaining of close coupling between an
idle unit and the common circuit has the very strong effect of decreas-
ing the current in the common circuit. A special circuit was used for
studying the methods of eliminating the influence of idle units. A. L.
Minz suggested the following method (Fig. 12).

The coupling coil of the common intermediary circuit consists of
two coils L’ and L"" (more exactly L’ is the coupling coil as coils
Leouwp and L' are not coupled).

A movable screen is arranged parallel to coils L’ and L'’

When a unit is in service the screen is located against coil L’’. When
the unit comes out of operation the screen is shifted over to coil L’
and demagnetizes it to the same degree as the coil L'’ when the unit

L,
Spa Ej
unt

Fig. 10

was operating. Thus, with stationary coupling coils the taking of a
unit out of operation is not accompanied by detuning of the common
circuit. Meanwhile the screen between coils L’ and Lco., eliminates
the coupling between them and causes detuning of the unit circuit.
When a spare unit is brought into action the screen is shifted in the
opposite direction.

This method not only eliminates the effect of an idle unit upon the
common circuit but also permits making repairs on the idle unit dur-
ing operation of the transmitter.

B. Parallel Connection of Units

Tests with parallel connection of units were carried out in the same
installation which was used for series connection.

The sequence of tuning of various circuits of the last stage was
similar to that in the case of the series connection. The nature of the
load variations on units, changes in operating conditions of their oscil-
lators, etc., completely justified the theoretical analysis and was simi-
lar to the case of the series circuit.

a |
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The shape of the resonance curves is changed with the number of
units connected, according to the same law as in the case of the series
connection, the most peaked curve corresponds to one unit. The effect
of idle units is less pronounced than in the case of series connection.
Nevertheless, this effect was eliminated in all tests.

In tests of unequal loading of the units, the plate voltage and the
coupling to the common circuit were varied in one of the units; the
regulation covered a wide range when the whole system was operated
and was not accompanied by any complications. Thus, for example,
with two units jointly operated

I, = 15.2 amperes, W, = 162 watts
Unit No. 1. Unit No. 2.
E, = 3500 volts, E, = 2500 volts
I, = 2.22 amperes I, = 1.05 amperes
W, = I,’R = 22 watts W, = 5 watts
0w, = 3.2 amperes.

Here I. is the current in that branch of the common circuit which
is coupled to unit No. 2.
With separate connection of units and the same coupling

Unit No. 1. Unit No. 2.
E, = 3500 volts I 2500 volts
I," = 2.37 amperes, I 1.2 amperes
I,’ = 10.65 amperes, I’ = 6.4 amperes
I'coup = 2.18 amperes, I'coup = 1.2 amperes
Wo' = 80 watts W, = 29 watts.

Determining the power delivered by each unit during joint opera-
tion, using formula (11), 1
(Wo)y, = LI,yR I‘ = 106 watts,

1

(Wa)n, = 59 watts.

Similar results were obtained in tests with a greater number of
units.

Further operation with telephone high-frequency power of some
hundred kilowatts completely proved all the theoretical inferences and
the above results of experimental checks.
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SOME EARTH POTENTIAL MEASUREMENTS BEING MADE
IN CONNECTION WITH THE INTERNATIONAL
POLAR YEAR*

By

G. C. SOUTHWORTH
(American Telephone and Telegraph Company, New York City)

OR several years the Bell System has been studying the rela-

tion between radio transmission and earth potential disturb-

ances. A paper dealing with this subject was published in 1931
Prompted by the needs of the International Polar Year, together with
the prospect that further work would throw additional light on the
nature of radio transmission, the work was extended somewhat in
1932.

It is expected that useful correlation will be found between the
normal earth potential effects which occur day after day during un-
disturbed periods and the corresponding diurnal and seasonal varia-
tion of radio transmission. It seems entirely probable, for instance,
that earth potentials are but the terrestrial manifestations of certain
changes taking place in the Kennelly-Heaviside layer which may not be
found by other methods.

This paper isintended to serve mainly as a progress report outlining
briefly the methods and scope of the work and showing the type of
data being obtained. It leaves to a later date most of their correlation
and their interpretation. The data here presented are in a conventional
form used by other investigators for many years. Their value lies
mainly in their extent and in the rather wide range of circumstances
under which they were obtained.

It is interesting to note that the study of earth potentials is rela-
tively young. It began soon after the telegraph came into general use,
but ceased soon after the advent of trolleys and other commercial
applications of electric power. During this period valuable data were
obtained, particularly at Greenwich. There were also other points of
observation near Paris and Berlin and later in Sweden. Of the experi-
mental lines now in use the best known are those of the Ebro Observa-
tory in Tortosa, Spain, dating from 1910, and those of the Carnegie
Institution of Washington, located respectively at Watheroo (Western

Australia) and Huancayo (Peru) and dating from 1923 and 1926, re-
* Decimal classification: R113.5. Original manuscript received by the
Institute, June 16, 1933. Presented before U.R.S.I., Washington, D.C., April,

27, 1933.
! Isabel S. Bemis, Proc. I.R.E., vol. 19, pp. 1931-1947; November, (1931).

1740
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spectively. The latter points were supplemented in 1931 by the Tucson
(Arizona) observatory of the Coast and Geodetic Survey.

The locations of the observation points covered by this paper are
shown in Fig. 1. These points were chosen largely from consideration
of available wire lines and the feasibility of operation. However, some
regard was also given to their latitudes and the geological formation
of the earth in that vicinity. The stations at Tucson and Boston are ob-
serving points of the Carnegie Institution of Washington and Tufts
College, respectively: Similar work is in progress at these points.

1 ’ A
s & 2 - aq / :;j
A S B _‘;°  /)-7, ‘
v s l‘ﬂ"} @ /’ £ i’
Wi <%
} J / (’; % 4 ) e % “}lgo:fw
29 e
Y <L ¥ |
d j = § 2 NEW YORK u
AR i
| eV Ay, |
| | "y
: d i
’ IR
| 1
Pt P &’/l P
- e@‘:‘)“}'
.- 5
Ve
\.,,Iuizéou /
] haanst 4
. Ly {
A
» 1\ »y"' ‘._,*e kY
% (0 5 5 .
g B if o = W}
V& 3
G f LA 1
i 9
; 2
Fe } i S 4

Fig. 1-—Stations at which earth potentials are recorded.

The technique of measuring earth potentials is essentially that of
connecting a recording voltmeter into the crust of the earth at two
points and measuring the prevailing voltages. If the interfering effects
of commercial origin are small, these lines may be short; otherwise it is
desirable that they be of considerable length, say, 75 kilometers or
more. Observations made on two lines disposed roughly at right angles
to each other permit of the magnitude and general direction of this
gradient being determined.

One type of record being obtained is shown by Fig. 2. In the course
of analysis hourly averages are transcribed to a data sheet where they
are averaged over monthly periods for the study of diurnal and seasonal
variations. The principal characteristics of the more pronounced dis-
turbances are also recorded. A study of these latter data is planned
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which should bring out the time and direction of arrival of each dis-
turbance as well as statistics regarding their average behavior.

Fig. 3 shows the average diurnal variation measured at Houlton,
Maine, for the month of November, 1932, resolved into north-south
and east-west components. Near the bottom of the figure are shown the
magnitudes and directions of the prevailing voltages for each hour. It
will be observed that the magnitudes are greatest during daylight
hours and that the successive vectors seem to rotate clockwise through
720 degrees in the twenty-four-hour period. Similar data taken in the
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Fig. 3—Diurnal variation of earth potentials. Houlton, Maine, November, 1932.

southern hemisphere indicate a counterclockwise rotation. The con-
spicuous twelve-hour component is found generally in the diurnal
variation of earth potentials at other places and has been known for
many years. A harmonic analysis of the diurnal variation is in progress
which shows not only the predominance of this second harmonic but
also the existence of several rather high frequency components.

The vector representation above may be shown as a hodograph as
has been done in Fig. 4. The successive termini corresponding to hourly
magnitudes and directions are numbered successively. The seasonal
trend for the six months under consideration is apparent. It will, of
course, be necessary to wait until the end of the year to confirm this
trend more definitely.
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Fig. 5 makes evident the extreme differences that exist between the
magnitudes and directions of voltages prevailing at different locations.
These diagrams are all drawn to the same scale except that of the large
figure for Wyanet, Illinois, which has been magnified by a factor of four
to make its detail more readily comparable with the neighboring dia-
gram for Houlton, Maine. The small Wyanet diagram shown in the
lower right corner of the figure retains the original scale.

It will be noted that the smallest diurnal variations shown are
measured in Illinois where the soil is deep and the geological forma-
tion is homogeneous, and the largest in the region between eastern
Pennsylvania and Virginia where the conditions are generally the re-
verse. These voltages are in the same order as the prevailing resistivi-
ties of the earth as measured in these regions and as reported by one
of the author’s colleagues.? It should be pointed out, however, that
these differences are not as great as those of the corresponding re-
sistivities. It will also be noted that the diagrams for Wyanet, Illinois,
and Houlton, Maine, are very similar in form and are only moderately
elongated, whereas those for New York, N. Y. (North) and New York,
N.Y. (South) are very much elongated, suggesting that, although simi-
lar outside influences may be present at all places, there is some dis-
tinetly local influence present near the latter points which restricts
the voltages to the northwest and southeast directions. This prevailing
direction is almost at right angles to the direction of the mountain
ranges in this region. Other measurements made in these ranges but
further south show this same effect. Potential gradients measured nearer
the shore are less directed. The relation between these directions and
geological formation is being given further study.

We might conclude, tentatively at least, from the data above,
that the eastern mountain ranges exhibit higher conductivity longi-
tudinally than transversely. We might, consequently, expect less at-
tenuation to broadecast transmission in a northeast-southwest direc-
tion than along its perpendicular. It would be interesting to know
whether such a difference has ever been observed.

The study of earth potential disturbances as contrasted with the
normal effects reveals certain interesting characteristics that are shown
in Fig. 6. This represents the magnitude and direction of the prevailing
voltages at Houlton, at Wyanet, and also at the two points near New
York during a particular earth potential disturbance which took place
on January 15, 1933. It will be noted that the tendency near New
York for the voltage to be directed along a northwest-southeast line,

2 R. H. Card, Paper read before Washington Meeting, American Geophysi-
cal Union, April 27, 1933.
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1748 Southworth: Earth Potential Measuremenls

so conspicuous above for the normal diurnal variation, holds also for
this abnormal or disturbed period. It would also appear that the rela-
tive magnitudes measured at these various points are related to local
conditions in much the same manner as for the normal effect.
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NOTE ON THE THEORY OF THE MAGNETRON
OSCILLATOR*

By
E. C. S. MEgaw

(Communication from the Research Staff of the M.O. Valve Company, Ltd., Wembley, England)

N A recent note! J. B. Hoag has given a simple argument to show
that the relations

AN = 10,650
and

ANH = 13,100
between the magnetic field strength / and oscillation wavelength A,
should hold approximately in a cylindrical magnetron for the cases of
no space charge and saturated space charge, respectively. It was as-
sumed that the half period of the oscillation is equal to the time of
transit of an electron from filament to anode and that the anode
voltage had the eritical value for which the electrons just touch the
anode surface. The additional assumption was introduced that the
electrons attain their maximum velocity within a negligible distance
from the filament.

It has been shown elsewhere? that when the critical relation holds

between anode voltage and field strength, the time of transit of an
electron in a cylindrical magnetron is given by

e 1/2 ra 2 702\ 2 1/2
T = <2 ]:') f [f(r) = (1 - ) :\ -dr
m T, Fo® (i

where,
E.=anode voltage
r =radial distance from electrode axis
r,=filament radius
r. =anode radius
and,

f(r) is defined by
E.=f(r) E,

Okabe’s relation® between A and [, which is identical with Hoag’s
first result, was obtained by assuming 7, infinitely small and putting

* Decimal classification: R133. Original manuseript received by the
Institute, September 8, 1933.

! Proc. [.R.E., vol. 21, p. 1132; August, (1933).

* Megaw, Jour. I.R.E. (London), vol. 72, p. 330; April, (1933).

s Okabe, Proc. I.R.E,, vol. 17, p. 652; April, (1929).
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1750 Megaw: Theory of Magnetron Oscillator

f(r)=1. Now f(r) =1 means that the whole of the interelectrode space
is at anode potential so that the electrons will attain their maximum
velocity immediately they leave the filament. This is the additional
assumption made by Hoag in obtaining his first figure for A\H, which
should therefore evidently agree with Okabe’s result.

By giving f(r) the forms appropriate to zero and saturated space
charge the relations

AH = 12,300 (zero space charge)
AH = 16,700 (saturated space charge)

and

have been obtained,? for values of r,/r, of the order of 100, by graphical
integration of the equation for transit time. These relations agree quite
well with the observed minimum and maximum wavelengths when
the oscillation amplitude is small.
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Fig. 1. Radial velocity as a function of radial distance from electrode axis.
Curve A. f(r) = 1 (constant total velocity)

Curve B. f(r) = (log : ) (log :“)

(actual potential distribution with no space charge)
4 2/3

Curve C. f(r) = (ru =)

(saturated space charge).

In obtaining the relation for saturated space charge it has been
assumed that the potential distribution is not appreciably changed
by the presence of the magnetic field. There is experimental evidence*

¢ Hull, Phys. Rev., vol. 18, p. 31; July, (1921).
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that this is not far from the truth. The last two equations are at least
more accurate than those obtained on the assumption of constant total
velocity. The curves shown in Fig. 1 indicate the magnitude of the
error introduced by this assumption in a typical case.

It is found that the observed wavelengths tend to be slightly lower
than those given by the theory outlined above, particularly when the
magnetic field is inclined to the electrode axis so as to obtain a maxi-
mum output.? In this case it appears that the electrons providing the
output energy describe several loops, with successively decreasing am-
plitude, before reaching the anode. The average “transit time” for
such electrons would probably be smaller than that for electrons which
touch the anode on their first outward journey.

These curves apply to a magnetron with a 1.0-centimeter diameter
anode and a 0.01-centimeter filament when the anode voltage is 400
and the magnetic field strength is adjusted to the critical value.
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BOOK REVIEW

Die Kathodenstrahlrohre und ihre Anwendung in der Schwachstromtechnik,
by Manfred von Ardenne with assistance of Dr.-Ing. Henning Knoblauch.
Published by Julius Springer, Berlin, 398 pp., 432 figures. Price, R M36.
Recent years have seen a very great increase in the use of the low voltage

Braun tube as a necessary laboratory tool accompanied by an equally large ex-

tension of the number of purposesto which it isapplicable. Hence the appearance

of this book by one who has been largely responsible for these developments will
be welcomed by a considerable army of laboratory workers.

Both author and publisher are to be congratulated on producing a work
which is worthy of the best traditions of German scientific and technical book-
making. The subject matter is comprehensively and clearly covered, while the
letter-press and illustrations are unusually well done. The photographs of dis-
charge phenomena within the tube, those of structural details taken through the
glass envelope, and the reproductions of certain oscillograms are the finest things
of the kind the reviewer has ever seen.

The text is in four main parts. The first deals with the theory and construec-
tion of the cathode ray tube; the second with the accessories required for its use;
the third with its applications as a laboratory tool; while the fourth treats of its
industrial uses and possibilities. The parts of the first section dealing with the
production of the electronic pencil, its concentration and modulation, and the
various methods of deflection are adequately done and constitute about fifteen
per cent of the whole text. The part on tube construction and manufacturing
methods and practices is quite full and contributes another fifteen per cent to the
total. The section on accessory apparatus discusses such matters as supply vol-
tages (direct-current and alternating-current); amplifiers for increasing sensi-
tivity; means of obtaining the deflecting voltages from the phenomena or equip-
ment to be studied (electric, magnetic, optical or mechanical); methods of pro-
ducing a time axis; and equipment for producing oscillograms photographically.
This second section constitutes about thirty-five per cent of the book.

The third section details methods of using the oscillograph in the study of
transient and periodic processes; in testing condensers, electron tubes, rectifiers.
amplifiers, loud speakers, radio transmitters and receivers; in the determination
radio wave field strengths and direction;and in studies of the ionosphere. There
are also chapters on specialized applicationsin telegraphy, telephony, high voltage
research, accoustics, ballistics, internal combustion engine research, and medical
research (electrocardiograph). This section comprises some twenty per cent of
the material in the book. The last section comprises two chapters, the first of
which is devoted to a description of installations for sound recording on movie
films, and the second to television equipment. No apparatus other than that of
German manufacture is described. The material presented in this section forms
about ten per cent of the whole.

The remaining five per cent of the book consists of an admirably arranged
bibliography and adequate indices. Altogether this is a very valuable reference

work and in addition an outstanding example of the printer’s art.
*L. P. WHEELER.
* Naval Research Laboratory, Bellevue, Anacostia, D. C.
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BOOKLETS, CATALOGS, AND PAMPHLETS RECEIVED

Copies of the publications listed on this page may be obtained gratis by ad-
dressing the manufacturer or publisher.

The frequency measuring service offered by the Phelps Precision Laboratory
of 3612-22nd Avenue, S., Minneapolis, Minnesota, is described in a leaflet
issued by that organization.

“The Use of Colloidal Graphite in the Manufacture of Electrical Resistance”
is the title of Technical Bulletin No. 11.4 issued by the Acheson Oildag Company
of Port Huron, Mich.

The Allen B. DuMont Laboratories of Upper Montclair, N. J., have issued
leaflets covering their cathode ray oscillograph tubes and accessory equipment.

Leaflets outlining special courses in radio mathematics, radio transmitter
engineering, and elements of electrical engineering offered by RCA Institutes
are available from that organization which may be addressed at 75 Varick Street,
New York.

The RCA Radiotron-Cunningham Radio Tube chart giving data on several
dozen standard vacuum tubes is available from the commercial engineering
sections of RCA Radiotron and E. T. Cunningham at Harrison, N. J. In addition,
an erratum notice on application Note No. 17 on special applications of the Type
53 tube has been published. Additional Application Notes issued are as follows:
Note No. 19 on operating conditions for the 1A6 as an oscillator-mixer, No. 20
on an increase in the maximum allowable grid resistor for Types 38, 41, 42, 89,
and 2A5, No. 21 on operating characteristics of the Type 1-V and the Type 1273,
No. 22 on the operation of the 2A6, 2B7, 6B7, 55, 75, 77, and 85 as resistance
coupled audio-frequency amplifiers, No. 23 on the operating characteristics of
the type 84 tube, No. 24 on<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>