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ThHe Institute of Radio Engineers

GENERAL INFORMATION

InstiruTE. The Institute of Radio Engineers was formed in 1912 through the
amalgamation of the Society of Wireless Telegraph Xngineers and the
Wireless Institute. Its headquarters were established in New York City
and the membership has grown from less than fifty members at the start
to several thousand.

AmMs aND OBJgers. The Institute functions solely to advance the theory and
practice of radio and allied branches of engineering and of the related arts
and seciences, their application to human needs, and the maintenance of a
high professional standing among its members. Among the methods of ae-
complishing this is the publication of papers, discussions, and communi-
cations of interest to the membership.

PRrROCEEDINGS. The PROCEEDINGS is the official publication of the Institute and
in it are published all of the papers, discussions, and communications re-
ceived from the membership which are accepted for publication by the
Board of IEditors. Copies are sent without additional charge to all members
of the Institute. The subsceription price to nmonmembers 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
PROCEEDINGS 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.

ManuscripTS. All manuscripts should be addressed to the Imstitute of Radio
Engineers, 330 West 42nd 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 PROCEEDINGS. Authors are advised as promptly
as possible of the action taken, usually within two or three months. Manu-
scripts and illustrations will be destroyed immediately after publication of
the paper unless the author requests their return. Information on the mechanical
form in whiel manuseripts should be prepared may be obtained by addressing
the secretary.

MaILING. Entered as second-class matter at the post office at Menasha, Wisconsin.
Acceptance for mailing at special rate of postage is provided for in the act
of February 28, 1925, embodied in Paragraph 4, Section 412, P. L. and R,
and authorization was granted on October 26, 1927.

Published monthly by
THE INSTITUTE OF RADIO ENGINEERS, INC.
Publication office, 450-454 Ahnaip St., Menasha, Wis.
BUSINESS, EDITORIAL, AND ADVERTISING OFFICES

Harold P. Westman, Secretary
330 West 42nd Street, New York, N. Y.
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GEOGRAPHICAL LOCATION OF MEMBERS
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Elected to the Associate Grade
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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 hefore November
30, 1934. These applications will be considered by the Board of Directors at its
meeting on December 5, 1934.

For Election to the Associate Grade

California Oakland, 304 Foothill Blvd. Apt. 50..................... Ranche, D. R.
Connecticut Bridgeport, General Electric Co., Bldg. 33-E............. Vrooman, D. F.
Dist. of Colurabia  Washington, 2217 Washington Circle, NN-W.. . ............ Hunt, C. M.
Louisiana New Orleans, 518 St. Peter’'s St.. .. .......... ... Bailey, H. M.
New Orleans, 338 Carondelet St.. .. ..................... Gray, C. D.
Maryland Baltimore, 5813 Gwynn Oak Ave Gerhold, N. 8.
Michigan Detroit, 1226 Lillibridge. . . . ... ... vt LeBarre, S. D.
New Jersey East Orange, 256 Prospect St..................... .Cleveland, R.
East Orange, 376 Prospect St.. . ... ... ... oo Smith, D. Y.
Teaneck, 979 Belle Ave.. .. ... ...t Graf, C. A.
New York Brooklyn, 180 Gates Ave.. .. ... .o n o Bainbridge, A. S.
New York City, ¢/o R.C.A. Institutes, 75 Varick St.. .. ... Paulson, E. J.
North Dakota Jamestown, 502 Milw, St.. ... ..o Koth, C.
Pennsylvania Ardmore, 2938 Haverford Rd.. ... ........... . .ooonnennn Taylor, E. A,
Haverford, Haverford College. . .. ...............ovvnn Rittenhouse, L. H.
Philadelphia, 1816 N, 17th St.. . ... ... Schuck, O. H.
Philadelphia, 1510 Chew St............... ... ... ... .....Smith, W.F., Jr.
Pittsburgh, ¢ /o U.8. Airways Radio Station, Municipal Air-
DOT o © oottt e e e Harrison, A. E.
Utah Riverdale, KLLO Transmitter, Rt. 4 Box 216A............... Cozzens, W. D.
Argentina Buenos Aires, Tacuari 471,5° Piso C.. ... ... ......... Tenac, S. C.
Cansada Toronto 3, Ont., 48 Marmaduke St.. . ................... Clark, W. B.
England Liverpool 13, Lanes., 361 Queen’s Dr.. . ... ..ot Lunt, C.
Germany Pforzheim, Hohenstaufenstr 17. ... . ... . ..o onoiivon Landmann, A.
India Bangalore, Dept. of Communication Eng., Indian Institute
0f SCIeIICE . . e e et e s Rao, V. L.
Jubbulpore, ¢/o Mr. Karam Singh. . .................... Ahluwalia, B. S.
Nellore, ¢/o District Board Engineer. ... ................ Durrani, U.
Ireland Belfast, Whitehouse Park, Whitehouse. . ................. Donaghy, J. L.
Ttaly Monza, Casella Postale 66, . . ... ... ... ... ...covttn SR Jenny, ¥
Japan Fukuchiyama, Nr. Kyoto, Shimosghin. . .................. Takagi, T.
New Zealand Auckland, 38 Winstone Bldgs., 69-77 Queen St............ McRae, L. H.
For Election to the Junior Grade -
Pennsylvania Quakertown, 19 Belmont Ave.. ............ ...t Affilerbach, E. K.

For Election to the Student Grade
Dist. of Columbia Washington, 508 Potomac Park Apts., 21 and C. 8t., N.W.. .Lohnes, G. M,

Masgsachusetts Brookline, 2 Charles o0 0000 nobnA0008a000NaaAA00AR0000AG Bacon, F. 8., Jr.
. Cambridge, M. I. T. Dormitories. .. .......... ... ....... Peterson, A.
Maississippi ShEraTd . . oo et e e e Ratliff, W. H., Jr.
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Joun AMBROSE FLEMING
Recipient, Institute Medal of Honor, 1933

John Ambrose Fleming was born at Lancaster, England, on November 29,
1849. His early schooling was received in London. In 1870 a degree of Bachelor
of Science was bestowed on him by the University of London and a Doctorate of
Science in 1879. Cambridge conferred a Master of Arts degree in 1882. He was
elected a Fellow of St. Johns College in Cambridge and an Honorary Fellow in
1927.

After being science master in two public schools he became the first pro-
fessor of mathematics and physics at University College, Nottingham, in 1881,
leaving there in 1882 to become an electrical advisor to the Edison Electric
Light Company of London. For a short time he held a similar position with the
Edison Telephone Company and was one of the scientific witnesses in the
celebrated legal action which ended in government control of the telephone sys-
tem. During this time he maintained a consulting practice and was retained by
the Cities of Exeter, Taunton, Plymouth, Peterborough, and Douglas. The
Edison Company and Swan Electric Light Company amalgamated in 1883, and
Sir Ambrose remained as advisor to the joint company for ten years. In 1885 he
was appointed the first professor of electrical engineering in University College,
London, a position he occupied for forty-two years.

In 1899 he was appointed scientific advisor to Marconi’s Wireless Tele-
graph Company and assisted Mr. Marconi in the design and erection of the
first high power radio station at Poldhu in Cornwall for attempted transatlantic
wireless communication. During that time he invented the two-element thermi-
onic valve for rectifying high-frequency oscillations and the detection of electric
waves. This valve was the precursor of all subsequent forms of vacuum tubes.
For this invention he received the Albert Medal of the Royal Society of Arts
in 1921. He was the recipient also of the Faraday Medal of the Institution
of Electrical Engineers of London in 1928, the Hughes Gold and Silver Medals
of the Royal Society of London in 1910, the Duddell Medal of the Physical
Society of London in 1931, and the Medal of Honor of the Institute of Radio
Engineers in 1933. '

He became a Fellow of the Royal Society of London in 1892 and in 1874
read the first paper at the inaugural meeting of the Physical Society of which he
is an original member. He was elected a member of the Institution of Electrical
Engineers in 1882 and an Honorary Member in 1922. He is an Honorary Member
of the Royal Engineers Institute of Chatham, the Society of Engineers, London;
the Institute of Physics, the Royal Philosophical Society of Glasgow; the
Lancaster Astronomical and Scientific Association, and the Society of Engineers
of Leige, Belgium.

He has published some twenty scientific books and about a hundred
scientific papers on various subjects. Among his electrical inventions is the direct
reading potentiometer which is now in universal use. His cymometer was-one of
the first devices for measuring the length of electric waves and small values of
inductance and capacitance.

He resigned his professorship at University College in 1926 and gave up
most of his'advisory work although he is still president of the Television Society
of England and of the Victoria Institute or Philosophical Society of Great
Britain. He resides at Sidmouth in Devonshire.







INSTITUTE NEWS AND RADIO NOTES

October Meeting of the Board of Directors

A regular meeting of the Board of Directors was held on October 3
at the Institute office and those present were: C. M. Jansky, Jr.,
president; Melville Eastham, treasurer; 0. H. Caldwell, Alfred N.
Goldsmith, J. V. L. Hogan, L. C. F. Horle, C. W. Horn, F. A. Kolster,
E. L. Nelson, E. R. Shute, H. M. Turner, A. F. Van Dyck, H. A.
Wheeler, William Wilson, and H. P. Westman, secretary.

Twenty-five applications for Associate membership, one for Junior
grade, and one for Student membership were approved. '

The death of Calvin W. Rice, secretary of the American Society
of Mechanical Engineers was noted with deep regret.

An invitation to nominate a trustee member to assist in formulating
guiding policies of Engineering Index, Inc., a recently formed non-
profit-making membership corporation which has taken over the ¥n-
gineering Index Service previously madintained by the American Society
of Mechanical Engineers, was accepted.

Melville Eastham was appointed chairman of the Industrial Rela-
tions Committee to succeed Dr. Hull who found it impossible to give
. the necessary time to the work.

During June, July, August, and September, sixty-four new registra-
tions were received by the Emergency Employment Service bringing
the total to 740. Of the 563 members registered, 370 are unemployed
while 109 of the 177 nonmembers registered are unemployed. Seventy-
six jobs were handled during these four months and sixty-five men
placed. Of the jobs filled, twenty-two were assumed to be permanent
and forty-three were known to be temporary.

Rochester Fall Meeting

The Rochester Fall Meeting for 1934 will be held on Monday,
Tuesday, and Wednesday, November 12, 13, and 14 at the Hotel
Sagamore in Rochester. As in the past, a series of important papers
will be presented and an exhibition of technical equipment will be
held. The program is given below:

Moxpay, NoveMBER 12th

9:00 a.M. Registration
Opening of Exhibits
10:00 a.m.—12 Noon Technical Session
“Iron-Core Tuning Systems,” by A. Crossley, Consulting
Engineer.
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10:

:30 p. M.
00 pP.M.—4:00 P. M.

:00 P.M.—6:00 pP. M.

:30 p.M.
:00 p.M.

100 A M.
:30 A.M.~12:30 P.M.

:30 p.M.
:00 P.a.—4:00 p.M.

00 P.M.—6:00 P.a1.

:30 p.M.

00 A.M.~12:30 p.M.

Institute News and Radio Notes

“High Fidelity Reproducers with Acoustical Labyrinths,
(with demonstration),” by B. Olney, Stromberg-Carl-
son Telephone Manufacturing Company.

Group Luncheon

Technical Session

“Automatic Reactance Control Systems,” by Charles
Travis and Murray Clay, RCA License Laboratory.

“Putting the Ultra-High Frequencies to Work, (with
demonstration),” by L. C. F. Horle, Consulting Engi-
neer and C. J. Franks, Radio Frequency Laboratories.

“Diode Coupling Considerations,” by J. R. Nelson,
Raytheon Production Corporation.

Inspection of Exhibits

Meeting of RM A Committee on Receivers

Meeting of RMA Committee on Television

Group Dinner '

Joint Session with Radio Club of America

“Transmission and Reception of Centimeter Waves,
(with demonstration),” by I. Wolff, E. G. Linder, and
R. A. Braden, RCA Victor Company.

Ttrespay, NOVEMBER 13th

Registration

Technical Session

“The Use of Cathode Ray Tubes in Receiver Distortion
Measurements, (with demonstration),” by Henry W.
Parker, Rogers Radio Tubes, Ltd., and F. J. Fox,
Rogers Majestic Corporation.

“Converter Tubes at High Frequencies,” by W. A.
Harris, RCA Radiotron Company.

“Input Losses in Vacuum Tubes at High Frequencies,”
by B. J. Thompson and W. R. Ferris, RCA Radiotron
Company.

Group Luncheon

Technical Session

“New Equipment for the Radio Designer and Engineer,”
by C. J. Franks, Radio Frequency Laboratories.

“Detector Distortion,” by Kenneth W. Jarvis, Consulting
Engineer.

Inspection of Exhibits

Meeting of RMA Committee on Vacuum Tubes

Meeting of RMA Committee on Sound Equipment

Stag Banquet

Toastmaster, W. E. Davison

Speaker, Judge John W. Van Allan

Demonstrations

WEeDNESDAY, NOVEMBER 14th

Technical Session
Joint Technical Session with RMA Engineering Division
on Radio Interference.
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“Desirability of Reduction of Radio Interference from
the Viewpoints of :”
The Consumer—O. H. Caldwell
The Public Utilities—J. O’'R. Coleman
The Radio Manufacturer—L. F. Muter
The Radio Dealer—Benjamin Gross
The Federal Communications Commission—C. B.

Jolliffe

Summary—A. N. Goldsmith

«Investigation and Suppression of Inductive Interfer-
ence,” by H. O. Merriman, Radio Branch, Department
of Marine, Canada

12:30 p.M. Group Luncheon
2:00 p.M. Technical Session

Radio Interference (continued)

Discussion -by Interested Organizations on Promotion of

Interference Reduction.

Past experience indicates the desirability of making hotel reserva-
tions well in advance if accommodations at the Sagamore are desired.

Committee Work
ApmissioNs COMMITTEE

The Admissions Committee met at the Institute office on the eve-
ning of September 11 and those present were: E. R. Shute, chairman;
Austin Bailey, Arthur Batchellor, I. S. Coggeshall, L. C. I. Horle,
C. W. Horn, and H. P. Westman, secretary. ’ ‘

An application for admission to the grade of Fellow was approved
as was one of two applications for transfer to Fellow. Of fourteen ap-
plications for admission to Member, twelve were approved, one was
rejected, and the last tabled pending the obtaining of additional data.
For transfer to the grade of Member, seven applications were con-
sidered. Of these five were approved, one rejected, and one tabled for
further information.

NEw York PrROGRAM

The New York Program Committee met on the afternoon of July
12 at the Institute office and A. F. Van Dyck, chairman; Austain
Bailey, J. L. Callahan (representing H. H. Beverage), H. A. Chinn
(representing 5. K. Cohan), D. G. Fink (representing J. K. Henney),
L. C. ¥. Horle, R. H. Langley, and H. P. Westman, secretary, were in
attendance. A schedule of papers was prepared for all meetings through
February 6, 1935.
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Institute Meetings

CLEVELAND SECTION

The Cleveland Section held a meeting on September 27 at the Case
School of Applied Science with Chairman F. T. Bowditch, presiding.
The attendance was fifty-four.

A paper on “Loud Speaker Design and Manufacture” was presented
by A. A. Armer, sales manager of the Magnavox Company of Fort
Wayne, Ind. The subject was introduced with an outline of the early
history of moving-coil speakers showing the various major changes in
design and price.

The use of the strap form of magnet instead of the pot type was
discussed and the influence of price on design, methods of reducing
hum, type of cone materials, and cone angle were covered. The neces-
sity for mechanical matching of parts for best transfer of power was
stressed. The operation of the cone as a plunger for frequencies below
about 300 cycles and its behavior as a vibrating diaphragm at higher
frequencies were discussed from the point of view of their effect on the
response characteristics of the speaker.

The permanent magnet type of speaker was then considered and it
was pointed out that a large strap form of magnet was much less ex-
pensive in this country than the use of cobalt steel which would permit
a much shorter magnet and which is commonly used in England. A reel
of motion pictures was then shown to illustrate the process of loud
speaker manufacturer.

DETROIT SECTION

Samuel Iirestone, chairman, presided over the September 21 meet-
ing of the Detroit Section which was held in the Detroit News Confer-
ence room. I'ifty-five were present.

E. J. Abbott, a research physicist of the Department of Engineering
Research of the University of Michigan, presented a paper on “Sounds
and Noises.” In it Dr. Abbott gave an outline of the noise measurement
field showing the equipment used and illustrating a number of cases in
which a study of machinery with noise measuring equipment resulted
not only in quieter and smoother equipment but also a reduction in
production costs. After summarizing the possible troubles encountered
In measuring noises such as standing waves and variation in ear sen-
sitivy at different sound levels, the speaker desecribed the equipment
developed for production testing. He showed the result of tests in
which the data obtained from the measuring equipment were compared
with the averages of a group of twenty observers who were asked to

-
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rate a number of different types of machine noises according to their

loudness and their disagreeableness. Kven though single observers
varied widely in their findings, the averaged results were in remarkable
agreement. To measure the average noise of machines, the microphone
pick-up is swung rapidly around and the readings made with a sluggish
meter which averages the results. A number of those present partici-
pated in the discussion.

NeEw York MEETING

A New York meeting was held on October 3 in the Engineering
Societies Building in New York City. President Jansky presided and
about 400 members and guests were present.

A paper on “All-Wave Broadcast Receivers and All-Wave An-
tennas” was presented by V. D. Landon of the RCA Vietor Company.
In it he pointed out that one reason for the sudden popularity of short
waves was the improvement made in receivers of this type. Design
problems of the preselector, the detector-oscillator, and the inter-
mediate-frequency amplifier were discussed. Suitable frequency cover-
age and band divisions were suggested. The relation between signal
strength, antenna length, and frequency was discussed and the design
for an antenna transformer to reduce variations in antenna efliciency

_with length was covered. Noise reducing antennas were discussed in-

cluding those of all-wave type. A transformer system, the frequency
range of which may be extended to any desired degree, was outlined.
The result of polarization and directional effects in antennas were
shown and diversity reception considered briefly. .

The second paper of the evening was by W.S. Barden of the Radio
Corporation of America and was entitled “A Discussion of All-Wave
Antenna Resonance.” ' '

The problem of dummy properties for all-wave receiver testing and
development was discussed from the standpoint of antenna perform-
ance as affected to a major degree by distributed inductance, capaci-
tance, and resistance. The behavior of distributed systems of in-
ductance and capacitance was considered analytically by means of
transmission line theory and was demonstrated by the use of an
artificial line which was provided with numerous small lamps to indi-
cate current densities along the line. The line was operated in various
modes and the current distribution could readily be noted.

San Francisco SECTION

A. H. Brolley, chairman, presided at the September 19 meeting of
the San Francisco Section which was held in the laboratory of Heintz
and Kaufman, Ltd., South San Irancisco.
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A new cold-cathode vacuum tube invented by P. T. Farnsworth
was the subject of the meeting. R. M. Heintz presented a sketch of the
history of this tube and some of its many interesting features were out-
lined and discussed. The importance of its development and some of
its possibilities were also considered. D. K. Lippincott then explained
the theory of operation of the tube as developed up to the present time.
The circuits used in connection with it were covered by Philip Ekstrand
who demonstrated the operation of the tube as an oscillator. A number
of the 158 members and guests in attendance participated in the dis-
cussion. '

Personal Mention

A. W. Peterson, Lieutenant, U.S.N., has been transferred from the
U.S.S. West Virginia to Balboa, Canal Zone, as assistant district com-
munication officer.

D. S. Rau of RCA Communications has been transferred from
Rocky Point to New York City.

Formerly of Washington, D. C., J. R. Ruhsenberger, Lieutenant,
U.S.N., has been transferred to VF Squadron 3B basing at New York
City.

Previously with Bell Telephone Laboratories, H. J. Scott has joined
the faculty of the University of California, Berkeley, Calif.

S. B. Slavin of RCA Communications is now at Honolulu, T.H.,
having formerly been at Inverness, Calif.

S. A. Staege formerly with the Westinghouse Electric and Manu-
facturing Company is now a consultant for Black-Clawson and
Company of Hamilton, Ohio and the Shartle Brothers Machine Com-
pany division at Middletown, Ohio.

M. Takaya has left Japan to become an electrical engineer for the
Bureau of Weights and Measures of Manchoukuo.

Formerly at the University of Chekiang, T. C. Tsao has become
director of the telephone administration of the Chekiang Provincial
‘Government at Hanchow, China.

W. S. Bachman previously with Delaware Chemical Engineering
Company is now a test engineer for the General Electric Company at
Bridgeport, Conn.

Formerly with Crosley Radio Corporation, Edward Austin has
been made engineer in charge of the radio control laboratory for
the Philadelphia Storage Battery Company of Philadelphia.

T. H. Clark has left the George E. Marshall Company and is now
assistant to the director of the electrical research section of the RCA
Radiotron Company at Harrison, N.J.




Proceedings of the Institute of Radio Engineers
Volume 22, Number 11 November, 1934

TECHNICAL PAPERS

AN EXPERIMENTAL TELEVISION SYSTEM*
By

E. W. ENGsTROM
(RCA Victor Company, Inc., Camden, N. J.)

Summary—During the first part of 1933 a complete experimental television
system was placed in operation in Camden, New Jersey. Practical tests were made
under conditions as nearly as possible in keeping with probable television broadcast
service. Program matertal was obtained from studio pick-up and outdoor pick-up.
The outdoor pick-up was from a point a mile from the studio and transmitter. In
addition, a studio program originating in the Empire State Building in New York
was relayed to Camden by radio and broadcast in Camden. The transmitter used an
{conoscope as the pick-up element and the receiver a kinescope as the reproducing
element.

This paper is an introduction to a group of three papers which describe the
transmitler terminal equipment and the transmitter, the New York-to-Camden radio
relay circutt, and the recewer apparatus.

Part I—INTRODUCTION

GROUP of papers has been published in these PROCEEDINGS

describing an experimental television system on which tests

were made in the metropolitan area of New York during the
first half of 1932.! These tests indicated many of the objectives for
continued research in the laboratory. In order to make practical tests
on the next stage of television research, a complete system was built
in Camden and operated during the first several months of 1933.

In the New York tests the major limitation to adequate television
performance was the studio scanning apparatus. This consisted of a
mechanical disk, flying-spot type, for an image of 120 lines. Even for
small areas of coverage and for 120 lines, the resulting signal amplitude
was unsatisfactory. In the Camden system, an iconoscope was used as

* Decimal classification: R583. Original manuscript received by the In-
stitute, June 25, 1934. Presented before Ninth Annual Convention, Philadelphia,
Pa., May 29, 1934.

1 £ W. Engstrom, “An experimental television system”; V. K. Zworykin,
“Description of an experimental television system and the kinescope”; R. D.
Kell, “Description of experimental television transmitting apparatus”; G. L.
Beers, “Description of experiméntal television receivers”; Proc. I.R.E., vol. 21,
pfp. 1652-1706: December, (1933); and L. F. Jones, “A study of the propagation
(8]

wavelengths between three and eight meters,” Proc. I.R.E., vol. 21, pp. 349-
386; March, (1933). .

1241




1242 Engstrom: Expertmental Television System

the pick-up device. The iconoscope and its operation have been de-
scribed in the PROCEEDINGs by Zworykin.? The use of the iconoscope
permitted transmission of greater detail, outdoor pick-up, and wider
areas of coverage in the studio. IExperience indicated that it provided
a new degree of flexibility in pick-up performance, thereby removing
one of the major technical obstacles to television.

The picture characteristics for this experimental television system
included 240-line progressive scanning, 24 frames per second. The
choice of 240 lines was not considered optimum,® but all that could
be satisfactorily handled in view of the status of development. It is
of interest to compare the resulting image and electrical specifications
with those for the New York tests. These are given in Table 1.

Aspect ratio 1.33 (4X3)
Frame repetition frequency 24 per second
Video frequency (picture frequency)

- Assumed that each arbitrary picture element is square
and requires one-half c¢ycle and that 10 per cent of the
time is required for control functions.

TABLE I

Maximum video

Scanning | Picture Maximum video e
lines | element frequency I band
120 19,200 256,000 512,000
240 ‘ 76,780 1,024,000 2,048,000

In the New York tests the picture and sound transmitters were
widely separated in frequency to simplify apparatus requirements. In
our analysis of television systems, it had been decided desirable that
there be two transmitter carriers, one for picture and one for sound.
It had further been concluded that the picture carrier should include
the video signal, synchronizing impulses, ete. Thus the problem of
television reproduction requires the reception and utilization of two
transmitted carriers with their respective modulations (one for picture
and control signals and the other for sound), without interference from
each other and without interference from other television stations.
These considerations plus a study of station allocation in a national
system, receiver design and tuning problems, and other related factors,
indicated that the two carriers for one station should be adjacent,
their spacing being dependent upon image detail, and transmitter and
receiver selectivity characteristics. For these tests it was assumed that

2 V. K. Zworykin, “The iconoscope—a modern version of the electric eye,”
Proc. L.R.E., vol. 22, pp. 16-32; January, (1934).

*E. W. Engstrom, “A study of television image characteristics,” Proc.
L.R.E., vol. 21, pp. 1631-1651; December, (1933).
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a television channel for picture and sound should be 2000 kilocycles
wide and that the picture and sound carriers should be spaced by 1000
kilocycles. This particular channel width and carrier spacing are not
given as optimum but rather as practical limitations for the tests.
Diagrammatically, a television channel of this type is shown in Fig. 1.

In the Camden tests, the picture carrier was at 49,000 kilocycles
and the sound carrier 50,000 kilocycles. This spacing of 1000 kilocycles,
when compared with the maximum video frequency band of Table I
for 240 lines, indicates that the system did not permit use of the full
arbitrarily assumed frequency band. The combined transmitter and
receiver selectivity characteristic was such as to pass a frequency
band approximately 0.6 of the carrier spacing and, also, in this case
0.6 of the maximum video frequency of Table 1.

7M. 48mc. a9MC. Somc. SIMC. Szme
‘-» 1o00xc. 2000«¢. ——-'!
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Fig. 1—Over-all transmitter and receiver selectix}ity characteristics.

Since the tests were essentially for the purpose of obtaining experi-
ence with the system fundamentals and with the terminal apparatus,
the picture and sound transmitters had nominal outputs. The two
transmitters were located in one of the RCA Victor buildings and the
antennas on masts above the building. The studio and control ap-
paratus were located in another building about 1000 feet direct-line
distance from the building housing the transmitters. Most of the re-
ceiving tests were made at a point four miles from the transmitter.

One of the problems in television is to provide facilities for program
pick-up at points remote from the studio and transmitter. In this
experimental system a pick-up point was located approximately one
mile from the studio. Here an outdoor program was televised and re-
layed to the main studio and transmitter by radio. Fig. 2 indicates the
Camden system. .

Another problem in television is to tie groups of stations together
for network service. The interconnecting link might either be a special
land wire or radio. In this experimental system tests were made on
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radio relaying of television programs between New York and Camden.
A program originating in the Empire State Building studio was trans-
mitted by radio, relayed at an intermediate point, received and broad-
cast in Camden. For these tests 120-line scanning was used, since this
was the standard for the New York equipment. Fig. 3 indicates the

complete system.
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The increase of image detail (from the New York tests—120 to
240 lines) widened very considerably the scope of the material that
could be used satisfactorily for programs. Experience with this system
indicated that even with 240 lines, for critical observers and for much
of the program material, more image detail was desired. The desire
was for both a greater number of lines and for a better utilization of the
detail capabilities of the system and lines chosen for the tests. The
iconoscope type pick-up permitted a freedom in subject material and
conditions roughly equivalent to motion picture camera requirements.

-«
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As in the New York tests, much valuable experience was obtained
in constructing and placing in operation a complete television system
having standards of performance abreast of research status. Estimates
of useful field strengths were formulated. The need for a high power
television transmitter was indicated. Further studies were made of
interference caused by automobile and airplane ignition systems. Con-
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sideration was given to receiver antenna problems. Technical and lay
opinion was obtained on receiver operation, image characteristics, and
entertainment possibilities. Some work was done on program, studio,
and pick-up technique. Again the tests indicated directly or as a re-
sult of analysis the objectives for further research. It is the purpose of
this group of papers to describe the system, the experimental ap-
paratus, and the tests that were made. The description is divided into
three parts: the transmitter, radio relay circuit, and receiver.

Acknowledgment is made to all members of the RCA organization
who participated in the work.

Fig. 3
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AN EXPERIMENTAL TELEVISION SYSTEM*

By

R. D. Kerr, A. V. BEprorp, AND M. A. TRAINER
(RCA Victor Company, Inc., Camden, N. J.)

Summary—A description is given of an experimental television pick-up and
transmaitting installation which used a special form of cathode ray tube, the icono-
scope, as the signal generating device. The installation included facilities for remote
pick-up of outdoor scenes and the relaying of programs by radio. The transmatted
subject matter for the tests included motion picture film, studio scenes, and outdoor
scenes. Description is given of video frequency amplifiers having uniform frequency
response from about 20 cycles to 600,000 cycles per second. Discussions are given
on several of the problems which arose in the use of the iconoscope.

PART II—-THE TRANSMITTER

FTER the completion of the Empire State experimental television
installation, work was concentrated on producing a picture con-
taining greater detail, using the same type of terminal equip-

ment. The number of scanning lines was increased from 120 to 180.
This number of lines gave a television signal having a satisfactory
signal-to-noise ratio only when motion picture film was scanned. The
light obtainable in the studio was of too low a value to be usable.

The results indicated that the iconoscope offered the most satis-
factory solution of the problem of increased detail. Due to its modé of
operation, as has already been explained,! the sensitivity of the icono-
scope was sufficient to allow a further increase in the number of scan-
ning lines. With considerable increase in detail, there was still sufficient
sensitivity to make possible the use of the camera with light conditions
suitable for a regular motion picture camera. This device also gave
television the hoped-for freedom of operating conditions. It has made
possible the broadeasting of outdoor events as well as studio scenes.

Early preliminary tests with the iconoscope had indicated that the
resolution of the system was no longer limited by the television ele-
ments. Strictly speaking, these elements are only the kinescope and
lconoscope; the resolution of each is considerably greater than could
be transmitted through the remainder of the system. In using film
transmission of 180 lines, all component parts had been designed to

* Decimal classification: R383. Original manuscript received by the Insti-
tute, June 25, 1934. Presented before Ninth Annual Convention, Philadelphia,
Pa., May 29, 1934

' V. K. Zworykin, “The iconoscope—A modern version of the electric eye,”
Proc. I. R. E., vol. 22, no. 1, pp. 16-32; January, (1934).
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pass the top theoretical frequency of 500 kilocycles. Without major

changes, it was found possible to extend this range to 600 kilocycles.
The conventional method of calculating the maximum video fre-
quency required for a given number of lines is as follows:

f=1a’Rn or a=+/2f/nR

where f is the maximum frequency in cycles, a is the number of scan-
ning lines, n is the frame repetition frequency, and R is the aspect
ratio of the picture. This equation gives the fundamental frequency
which would be generated by scanning a pattern composed of alternate -
black and white vertical bars in which each bar has a width equal to
the line pitch. The line pitch is the distance between centers of ad-
jacent scanning lines. A system capable of transmitting the maximum
frequency given by this equation and having a scanning spot of di-
ameter no greater than the line pitch, would resolve the barsin so far
as peaks of black and white are concerned. This would hold for any
horizontal displacement of the test pattern. With the same test pattern
in a horizontal position so that the bars lie along the scanning lines
and with the bars and lines coinciding, proper resolution is again ob-
tained. If the pattern is now moved vertically a distance equal to
half the line pitch-—due to each line covering half of a white bar and
half of a black bar—no signal will be generated and the resolution will
be zero regardless of the frequency band the system is capable of
transmitting. For intermediate positions of the pattern, the resolution
will vary gradually from 100 per cent to zero.

It is axiomatic that for best resolution of random picture subject
matter, equal resolution should be obtained along all axes. The equa-
tion given above fails to fill this demand for at least two axes at right

‘angles to one another, using even the basic test pattern upon which

the equation is founded. Analyses for other axes are difficult but ob-
servations indicate that they would generally support the same con-
clusion. Therefore, the above equation makes the number of scanning
lines too low to secure the maximum amount of detail in a given video
frequency band width.

In television we are not interested in viewing uniform bars in
various positions, any more than we wish to listen to sine waves of
sound, but such bars and waves are considered best for analytical
purposes. Tests made with a calibrated resolution pattern projected
upon the plate of the iconoscope and with a variable number of scan-
ning lines showed the resolution to be substantially equal along hori-
zontal and vertical axes when the number of scanning lines, a, was
approximately 1.25 times that calculated by the equation given above.
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This justifies the introduction of an additional constant, k, making
the formula
f=21atknk or a=~/2f/nkk

where k equals 1/(1.25)* or 0.64. I'rom the above corrected equation
the 600-kilocycle channel is found to give equal vertical and horizontal
detail when 240 lines are used at a repetition rate of 24 pictures per
second. With this number of scanning lines a complete television in-
stallation was made having facilities for transmitting studio, film, and
outdoor scenes. The method of synchronizing the transmitter and
receivers was the same as previously described.? Impulses having an
amplitude greater than the picture signal were transmitted at the end
of each scanning line and at the end of each frame.
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The relationship of the major components of the installation is
shown in the block diagram, Fig. 1. The film and studio cameras are
practically identical. In the film camera a motion picture projector
was used to project the image upon the lconoscope plate, while in the
studio camera a photographic lens formed the image of the scene to
be transmitted on the iconoscope plate. Fig. 2 is a photograph showing

* R. D. Kell, “Description of experimental television transmittin
" ) g appara-
tus,” Proc. L.R.E,, vol. 21, no. 12, pp. 1673-1691; December, (1933).
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the general appearance of a studio camera. Fig. 3 shows the general
arrangement of parts in the camera. The partition (a) through the
center is an -electrostatic shield separating the video frequency ampli- .
fier from all other voltages applied to the iconoscope. This shielding
is quite essential due to the magnetic and electrostatic fields around the
deflecting coils and plates. The deflecting coils for causing the scanning
beam to move vertically are seen at (b). The deflecting plates for

Fig. 2

causing the beam to move horizontally are not visible in the photo-
graph. They are mounted directly on the electron gun structure. The
leads from the plates are brought out through the base with the other
voltage leads.

The amplifier (c) consists of hree stages. The third stage has an
output impedance sufficiently low to allow the video frequencies to be
transmitted to the control room through a considerable length of
special cable. A section of this cable is shown in Fig. 4. It consists of a
shielded flexible insulating tube containing a single conductor for
carrying the video frequencies. Since the capacity of a concentric
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cable is dependent upon the ratio of the diameters of the two con-
ductors, the inner conductor of the cable was made as small as phys-
. leally practical and the flexible tube was made as large as convenient,
for handling. All other amplifier voltages are carried by the conductors
fitted around the central tube. An external shield and braid complete
the cable. A similar cable is used to supply all deflecting and operating
voltages for the iconoscope. The horizontal deflecting voltage is sup-
plied through the central conductor in this eable. The cireuits for

@

Fig. 3

causing the electron beam of the iconoscope to scan the photo-electric
mosaic plate are similar to those used for deflecting the beam of the
receiving kinescope, the greatest difference being due to the fact that
the mosaic plate is not at right angles to the electron gun.

Since the scanning beam and the optical image strike the same
side of the iconoscope mosaic, it is impractical for the axis of both the
electron gun and the lens to be at right angles to the mosaic plate. The
use of standard lenses requires that the plate be perpendicular to the
optical axis of the lens. This requires that the scanning beam strike
the plate at an angle. An outline of an lconoscope is shown in Fig.
5(a).

If the iconoscope is subjected to the regular scanning a ‘“‘keystone”

-
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! shape pattern will be formed due to the longer beam path to the top
of the mosaic plate as shown in Fig. 5(b). The deflecting means serve
only to vary the direction of travel of the electron scanning beam.

Fig. 4

Hence, the amplitude of the deflection at the plate depends upon the
distance from the deflecting means to the plate. In order to scan a
rectangular area, Fig. 5(d), on the iconoscope plate and avoid dis-

(<) ‘d)

tortion of the transmitted picture, it is necessary to deflect the beam
by the scanning action in such a way that if it fell upon a plate at
right angles to the average axis of the beam, it would scan a pattern
such as Fig. 5(c). The required horizontal scanning voltage wave is
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obtained by modulating the horizontal saw-tooth in amplitude by
the vertical saw-tooth wave. The modulation requirements are un-
usual in that, to produce a symmetrical scanning pattern, the modu-
lated horizontal saw-tooth wave must contain no component of the
vertical saw-tooth wave. Furthermore, the modulated wave must re-
tain a good saw-tooth (or triangular) wave shape throughout its cycle
of modulation. Due to the very extended range of harmonics and the
precise phase relations required to form a good saw-tooth wave, wave
filters have been found to be of little aid in the problem of separating
the modulating and modulated waves after they are once mixed. It
has been found much easier to guard against any mixing of the waves
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Fig. 6

in the modulating process, by using a special type of balanced modula-
tion.

A circuit arrangement for accomplishing this is shown in Fig. 6.
The horizontal deflecting circuit makes use of a condenser (' charged
through a high resistance 7 and intermittently discharged by a four-
electrode vacuum tube V,. This arrangement produces a saw-tooth
wave of voltage across the condenser € which is amplified and applied
to the deflecting plates. During the vertical scanning cycle, the ampli-
tude of the condenser charges on the condenser C in the horizontal
deflecting circuit is decreased at a constant rate by decreasing the
supply voltage to the charging resistor, r, by means of a vertical saw-
tooth of voltage. To maintain the discharge always equal to the charge,

-
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the control-grid or the screen-grid voltage of V', is also varied in exact
proportion by means of the vertical saw-tooth of voltage. The com-
bined action of these two vertical saw-tooth voltages on the horizontal
saw-tooth generating circuit is to produce the desired amplitude modu-
lation of the horizontal deflection of the scanning beam.

As previously mentioned, the resolution of the iconoscope is con-
siderably better than the rest of the system is capable of transmitting.
As a result of this, it is possible to scan an area considerably smaller
than the full size of the iconoscope plate before the resolution of the
iconoscope becomes the limiting factor. This makes possible an unusual
flexibility in the use of the camera. By changing the horizontal and

D
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Fig. 7

vertical scanning amplitudes simultaneously, the effect of moving the
camera forward or away from the subject is obtained without physically
moving the camera. By adjusting the position of the scanning pattern
to various sections of the mosaic, the effect of turning the camera may
also be obtained. This shifting of the scanned area with respect to
the entire area of the mosaic is accomplished by introducing direct-
current components into the saw-tooth deflecting circuits. The com-
bined result of these two controls makes possible various effects; for
example, first showing a close-up of a person, moving slowly away to
take in the full scene, and again moving forward to a close-up of another
person; all this apparent movement of the camera being accomplished
by purely electrical means.

The principles of operation of the iconoscope have already been
discussed and will only be outlined here. The picture signal generated
by the iconoscope is produced by the electron beam discharging the

N
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elemental condensers forming the surface of the mosaic. The current
released as a signal at any picture clement is a function of the illumina-
tion of the point under seanning and also upon the time the scanning
beam covers the clemental picture arca. In other words the signal
generated is not only a function of illumination but also a function of
the velocity of the scanning beam. This means that to produce a
picture signal which is truly representative of the light values of the
picture, the velocity of the seanning beam must be constant. By care-
ful design of the circuits for deflecting the seanning heam, this has
been practically accomplished during the actual picture seanning time.
But during the reversal and return of the scanning beam the velocity
cannot be constant and undesirable signals are generated. The total
signal generated has the general appearance of that shown in Iig. 7(a)
The undesired signal generated during the reversal and return of the
scanning beam may have an amplitude of several times the useful
picture signal and, of course, it must be removed from the final trans-
mitted television signal. To do this a square wave shaped signal gen-
erated by the disk that produces the synchronizing impulses is intro-
duced into the amplifier. The wave shape of this signal is shown in
Fig. 7(b). The amplitude of the signal is such that the white parts of
the undesired signal are shifted with respect to the axis to a point
that corresponds to black, as shown in Fig. 7(c). The picture frequency
amplifier is so arranged that this combined signal is of such a polarity
and amplitude that the undesired signal swings the grid of an amplifier
tube beyond cut-off. The result is a signal in which the amplitude of
the blanked-out section is, for practical purposes, a constant with
respect to the axis, as shown in Fig. 7(d).

Fig. 8 is a photograph of an electrical impulse signal generator. A
disk containing two circular rows of apertures is driven by a motor at
1440 revolutions per minute or 24 revolutions per second. An illu-
minated optical slit is imaged on each of the two rows of apertures.
Behind each row is a phototube with its associated amplifier. One set
of apertures is of sufficient width to generate the wave which blanks
out the amplifier signal during the return line time of the lconoscope
horizontal scanning beam. These are the impulses used to remove all
extraneous signals, as previously described. They occupy a time equal
to 10 per cent of the horizontal scanning cycle. The vertical impulse
is sufficiently long to produce a black signal for a time interval slightly
longer than the vertical return line time on the kinescope. This serves
to extinguish the kinescope scanning beam during its vertical return
across the screen.

The synchronizing impulses are generated by the light passing

-
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through the second set of apertures in the disk. These signals are intro-
duced into the amplifier after the signal level for black has been set
by the cut-off action of the amplifier. They are so phased that they
occur at the beginning of the blank or black sections. Since all signals
generated in the iconoscope pass through the limiting tubes that re-
move the undesired signals, it is impossible for any picture signal to
become of such an amplitude as to interfere with the proper synchro-
nization of the receivers. Furthermore, since the synchronizing impulses

Fig. 8

are superimposed upon the blank sections or “pedestals,” the height of
the synchronizing impulses will remain constant, thus facilitating the
use of amplitude separation of synchronizing signals from the picture
signals at the receiver. The appearance of a complete signal as viewed
on an oscilloscope is shown in Fig. 9.

The peak signal obtained directly from the iconoscope is approxi-
mately 0.001 volt across 10,000 ohms. With this input, an amplifier
having a voltage gain of 2000 is sufficient to supply signal at a two-volt
level. A typical amplifier stage is shown in Fig. 10. The response of
the amplifier at the high frequencies is equalized by placing a small
inductance L in series with each plate resistor R. The value of the
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inductance for a given circuit may be determined by a very simple
rule which gives a flat amplifier characteristic and negligible phase
distortion. The plate resistor in an amplifier stage should be equal in
ohms to the effective reactance of the tube and distributed capacity
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Fig. 9

C.s at the highest frequency which it is desired to pass. The reactance
of the inductance in the plate circuit at this frequency should be equal
to one half the value of the plate resistor. In order to obtain a flat
frequency response at the low frequency end, plate filters are used.
Each plate supply is filtered through a resistor R, by-passed by a con-

Fig. 10

denser C;. The circuit constants are so selected that, as the reactance
of the coupling condenser between stages rises as the signal frequency
is lowered, tending to cause a loss in voltage applied to the grid of the
following stage, the reactance of the by-pass condenser on the plate
filter rises, increasing the effective plate circuit impedance. This bal-
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ance of constants makes possible not only a flat frequency response
but a response free from phase distortion at the lowest desired fre-
quency. A frequency response curve of the complete picture amplifier
is shown in Fig. 11.

Fig. 12 is a view of the main television signal control room. These
racks contain the circuits for amplifying and mixing the picture signals,
blanking signals, and synchronizing .impulses. They contain the de-
flecting and control circuits for both studio and motion picture icono-
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Fig. 11

scope, 2 monitor for checking the operation of the system, and all
switching facilities to change the input to the radio transmitter from
studio to motion picture or to the radio receiver used to receive the
signals from a remote pick-up point. All sound circuits are also pro-
vided in these racks.

The video frequency signal generated in this portion of the system
is at a level of approximately two volts across 30 ohms. The low
jmpedance output is such as to match the impedance of a special
cable. This cable carries the signal underground from the control
room to the radio transmitter, a cable distance of 1500 feet. Fig. 13
shows thefrequency response of this cable before and after equalization.
In order to make the switching of the output of the video frequency
amplifier practicable, it was necessary to prevent the direct current
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from flowing through the cable. This requirement made capacity
coupling into the cable necessary. -

Fig. 12

Since the line impedance and distant termination were only 30
ohms, the problem of coupling into such a low impedance was unusual.
The circuit arrangement is shown in Fig. 14, Here again the filter in
the plate circuit was made to have such a value that, as the drop
across the coupling condenser increases with decreasing frequency,
the impedance in the plate circuit also increases, maintaining the
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* voltage across the cable a constant. Even with this circuit arrangement
it was necessary to use coupling and filter condensers of 1000 micro-
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! farads each in order for the phase shift at 24 cycles per second to be
1 unobjectionable.
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Both sound and picture radio transmitters were crystal controlled.
The spacing between carriers was accurately maintained at 1000 kilo-
cycles. The power amplifier of the sound transmitter consisted of a
pair of RCA-831 tubes in push-pull. These were modulated by means
of a high fidelity class B amplifier. A carrier power of 600 watts was
obtained. The frequency response of this transmitter is shown in Fig.
15.
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The picture transmitter contained a pair of RCA-846’s in push-
pull as the final power amplifier. The modulator was a conventional
plate modulator containing a pair of RCA-848’s, which had sufficient
power to modulate the four-kilowatt carrier. Because of the high input
capacity of these tubes, it was necessary to use six RCA-831’s in parallel
to maintain constant voltage over the required frequency range, on
the grids of the RCA-848’s. These in turn required three RCA-860’s
in parallel to maintain constant voltage on their grids. The modulation
reactor was designed to maintain a fairly uniform impedance over the
entire frequency range.
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To secure the greatest possible effective height of the transmitting
antennas, a new type of structure was developed. Fig. 16 shows the
general arrangement. A hollow steel pole forms the antenna and one
side of the transmission line for conveying the signal to the upper end
of the pole. The other side of the transmission line is a copper conductor
spaced from the pole as shown. Power is supplied to the pole by a
balanced transmission line tapped on to the pole and the copper wire
a quarter wavelength above the point where the feeder wire is attached
to the pole. By standing wave phenomena this arrangement effectively
insulates the structure from ground as far as the operating frequency
is concerned. The dotted lines indicate the voltage distribution on the
system. This arrangement has the advantage of using a metal structure
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which may be either guyed or self-supporting, in which the top section
only serves as the radiator, while the bottom is effectively grounded for
strength and protection against lightning.
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To demonstrate the possibilities of taking a television camera to
a point of interest such as a football game or other news event, and
relaying the signals by radio to the central broadcast station for re-
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broadeast, an installation was made at a point approximately one
mile from the main laboratory. The elements involved in this relay
circuit are shown pictorially in Ifig. 17. The camera installation at the
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remote pick-up point is represented at C. The radio transmitter con-
nects this installation to F which is the radio receiver and amplifier
for supplying signal to the cable connecting to the main transmitter
at F. The final receiving station is represented at . At the pick-up
point C a complete transmitting installation was made. A view of the
relay installation is shown in Fig. 18. It consists of a synchronizing
impulse generator, three racks of circuits, and a radio transmitter.
The first rack is the video frequency amplifier, the second the monitor
for checking the operation of the installation, and the third contains

Fig. 18

all the voltage supplies and circuits for the operation of the iconoscope.
Fig. 19is a front view of the thirty-watt crystal controlled transmitter
used for-transmitting the signal back to the laboratory. Directive
V type antennas were used at both the transmitter and receiver of the
relay circuit.

Operating the complete installation for a considerable time gave
us much valuable and practical information. The installation involved
all of the elements of a flexible and practical television system. Sources
of program material were studio, motion picture film, relayed pictures
from the Empire State Building in New York, and remote pick-up of
a street scene located a mile from the main control room. All signals
were carried by cable a reasonable distance from the control room to
the radio transmitter. Our principal problems were those concerned
airectly with terminal facilities. The radio transmitter was considered
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only a& an element necessary in the testing of this equipment. How-
ever, as a result of the tests using such a wide band of modulation
frequencies, it was found that the service area was definitely limited by

Fig. 19

the low power of the transmitter rather than by the height of the trans-
mitting antenna. The development of a high power ultra-high-fre-
quency transmitter capable of being modulated over a wide band of
frequencies is now being carried forward.

Fig. 20

The quality of the transmitted pictures may be judged by Figs.
20, 21, and 22. These are time exposure photographs of the picture on
the kinescope in the monitoring rack in the main control room. Figs.
20 arid 21 were each taken with stationary frames of moving picture
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film projected upon the iconoscope by a standard moving picture
machine. Fig. 22 was taken with the studio camera pointed out the
window and focused upon an adjacent street corher and buildings.
The immediate foreground shows the court between two laboratory
buildings and the upper background shows part of the Delaware River
bridge. .

These pictures do not reveal the well-known gain in apparent
transmitted detail that occurs when moving subjects are televised.
The line structure may be observed upon close examination, but it is
not considered objectionable. Incidentally, the fact that the lines are
distinguishable after a time exposure of a half minute is a tribute to
the steadiness of the picture and tlre accuracy of the synchronization
of the transmitter and receiver scanning patterns.
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AN EXPERIMENTAL TELEVISION SYSTEM*

By
R. S. Houmes, W. L. CarLson, W. A. ToLsonN

(RCA Victor Company, Inc., Camden, N. J.) '

Summary—Several television receivers were built and operated as a part of
the experimental television system set up in Camden during the early part of 19383.
The receiver arrangements, including sound, picture, sychronizing, and deflecting
circutts are described together with some of the factors influencing the design. The
performance of the receivers is discussed and characteristic curves are given.

PART III—THE RECEIVERS

GENERAL

N THE experimental television system set up and operated in Cam-

den during the first part of 1933, tests were made to obtain, under

practical operating conditions,a measure of the improvements made
during the year that had elapsed since the previous tests made in New
York City.! These advancements were reflected in the receiver design
as improvement in performance, simplification of operation, more
efficient apparatus arrangement, and the ability to reproduce images
of greater detail-—240 lines.

The receivers used for the previous tests in New York consisted
of two separate superheterodyne receivers, independently tuned. This
arrangement was entirely satisfactory for a preliminary experimental
set-up, but in looking toward a more practical arrangement it was
felt desirable to provide a receiver with only a single tuning adjust-
ment which would control reception of both the sound and picture
signals. This can be accomplished by combining the sound and picture
transmissions in an orderly manner throughout the television band
(40 to 80 megacycles).

One such system would be to transmit both the sound and picture
signals on a single carrier by means of double modulation. This could
be accomplished in a number of ways, but all are subject to the possi-
bility of serious cross-talk in some portion of the circuit, either in
the transmitter or in the receiver, and are inefficient in transmitter
power utilization. A further disadvantage is that the transmission
channel would be very wide, necessitating very wide band radio- and

* Decimal classification: R583. Original manuscript received by the Insti-

tute, June 25, 1934. Presented before Ninth Annual Convention, Philadelphia,
Pa., May 29, 1934.

! E. W. Engstrom, “An experimental television system,” Proc. I.R.E.. vol.
21, no. 12, pp. 1652-1654; December, (1933).
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“intermediate-frequency systems in the receiver, resulting in costly

construetion and difficulty in tuning.

Another transmission system permitting single dial tuning consists
in systematically allocating the sound and picture carriers in the tele-
vision band. One such allocation system would be to group all the
sound carriers at one end of the television band and space the corre-
sponding picture carriers in the same order over the remainder of the
band. With this arrangement the tuning condensers of the two receivers
could be geared together in the proper ratio and controlled by a single
knob. The difficulty with this system is that numerous beats would be
generated between the two oscillators and the incoming carriers. The
elimination of these extraneous beat frequencies would result in serious
complications in the design of receiver equipment.

Another system consists in alternating the sound and picture
carriers throughout the television band, with each sound carrier ad-
jacent to its accompanying picture carrier and spaced a fixed frequency
away. A television channel then consists of a picture carrier and modu-
lation plus an accompanying sound carrier and modulation. This
system was chosen for the Camden set-up. One complete television
channel was provided in Camden, with the picture transmitter operat-

_ing at 49 megacycles and the sound transmitter operating at 50 mega-

cycles.

The receiver had a single radio-frequency tuning system which
consisted of two coupled radio-frequency circuits having sufficient
band width to accept both carriers and their side bands simultaneously,
and a heterodyne oscillator which beat with the two carriers to pro-
duce two intermediate frequencies one megacycle apart. The radio-
frequency system tuned over the proposed television band of 40-to 80
megacycles. Two first detector tubes supplied the resulting inter-
mediate frequencies to two separate intermediate amplifiers, which
were tuned to 6 and 7 megacycles for the sound and picture signals,
respectively. Since the sound intermediate amplifier was relatively
sharp, it furnished a sharp reference for tuning the receiver, and assured
that when the sound was tuned in, the picture signal was also properly
tuned. No cross-talk occurred between the sound and picture signals
in the receiver since the signal level is low at the first detectors and the
intermediate amplifiers are entirely separate.

The system of carrier spacing and the resulting receiver operation
can be readily seen by reference to Fig. 1. In the upper part of the
figure is shown the television channel with the sound carrier (S) and
its side bands and the picture carrier (P) with its side bands. The
probable location of the adjacent channel stations is also illustrated.
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In the lower part of the figure are shown the characteristics of the
double intermediate amplifiers of the receiver, the sound intermediate
selectivity characteristic 4 being relatively sharp, as it is required to
pass only a relatively narrow band of frequencies, and the picture
intermediate selectivity characteristic B being broad to pass a wide
band of frequencies. The high-frequency transmissions indicated by
the scale in the upper part of the figure have been converted into inter-
mediate frequencies when referred to the receiver characteristics in-
dicated by the companion scale in the lower part of the figure, but the
channel frequency separation remains unchanged.

When the receiver is tuned in the normal manner so that the sound
carrier S in terms of its intermediate frequency is properly tuned with
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Fig. 1—Channel arrangement and receiver selectivity characteristic.

respect to curve 4, then the corresponding picture intermediate fre-
quency is also correctly tuned in the center of curve B.

A guard band was provided between the edge of the picture selec-
tivity curve and the accompanying sound carrier, and also an addition-
al guard band to the proposed adjacent sound channel on the other
side.

ANTENNA
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