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Developed to Meet the New 
Requirements of Peacetime Re¬ 
sea rch. Price $1275. 

The Improved BROWNING Oscilloscope 
A Superior Design, Engineered for Engineers 

The BROWNING model OL-15 os¬ 
cilloscope is equipped with a 5-in. 
tube operated with an accelerating 
voltage of 3,000 to give increased 
intensity and definition of images. 
Among the operational features of 
the associated circuits are: 

1. Sawtooth sweep for frequencies of 
5 cycles to 500 kc. 

2. Single sweep-triggered time base 
for transient phenomena of varying 
rate of repetition. 

3. Internal trigger generator and 
built-in phasing circuit for single¬ 
sweep time base. 

4. Vertical amplifier flat to ±10% of 
average value from 20 cycles to 4 me. 
Input deflection sensitivity .05 RMS 
volts per inch. 

5. Horizontal amplifier flat to ±10% 
of average value from 20 cycles to 
I me. Deflection sensitivity .1 RMS 
volts per inch. 

Other advantages are described in 
detail in the descriptive folder which 
will be sent on request. 

THE BROWNING model 
OL-15 oscilloscope af¬ 

fords advantages over other 
laboratory types in two es¬ 
sential respects. First, the 
range of flat frequency re¬ 
sponse has been extended. Sec¬ 
ond, measurements and obser¬ 
vations can be made with this 
instrument, because of added 
facilities, that are impossible 
with other oscilloscopes. 
To these operational advan¬ 

tages BROWNING LABORA¬ 

TORIES have added another 
reason for choosing this instru¬ 
ment: It costs no more than 
oscilloscopes of relatively lim¬ 
ited capabilities. 
For measurements on AM 

and FM broadcast and com¬ 
munications equipment, or tel¬ 
evision, radar, and facsimile 
apparatus, we suggest that you 
give careful consideration to 
advantages of the BROWN¬ 
ING model OL-15 when you 
purchase a new oscilloscope. 

Another Product of the 

BROWNING LABORATORIES, Inc. 
WINCHESTER . MASSACHUSETTS 

Canadian Representative: Measurement Engineering, 61 Duke St., Toronto 



The NC- 173 is the wholly new product of months of post-war research, 

prompted by war-time advances in radio technique. 

Utilizing 13 tubes in a superheterodyne circuit, the NC-173 offers an 

RF amplifier stage, separate AVC amplifier, voltage regulator for circuit 

stabilization. A wholly new concept in noise limiter design makes ''dou¬ 

ble-action" noise lim:ting equally effective for both phone and CW. 

Its tuning system offers new flexibility through tuning capacitors con¬ 

nected in parallel on all five bands. Its frequency range covers not only 

540 to 30 MC. bur also the 6-meter amateur band. 

Smart styling and outstand ng performance are characteristics you'll 

note in this newest member of the National family. At your dealer's soon. 
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Cascade Phase Shift Modula 

YOU WILL WANT EVERY ONE OF THESE TEN IMPORTANT 
ONLY RAYTHEON CAN GIVE THEM TO YOU FEATURES 

Circuit —in : 
pendability. 
Raytheon 

Thorough tests in actual competition with 
all other systems of modulation have proved 
the superiority of the Cascade Phase Shift 

250 Won FAI Transmitter, also standard 

exciter unit for all higher power. 

Above — Complete Cascade Phase Shift Modulator. 
left — Front control panel of Transmitter. 

tion is a basically direct circuit which adds 
the phase shift of six simple stages to produce 
the required phase shift needed for high fidel¬ 
ity modulation —at an inherently lower noise 
level. This extremely simple circuit elimi¬ 
nates the major faults of other systems and 
brings important advantages never before 
possible (See features). 

Carefully compare and you will buy Ray¬ 
theon. Place YOUR order now jor Fall delivery. 

MODCIRTION 
PHASE SHUT 

RAYTHEON S 250 WATT FM TRANSMITTER 
INCORPORATING THE NEW .: f S 

1. Simplified circuit design thru the Cascade system gives stability 
and efficiency to Raytheon FM. 

2. Direct Crystal Control, independent of modulation, gives posi¬ 
tive and automatic control of the mean carrier frequency. No com¬ 
plicated electronic or mechanical frequency stabilizers are used. A 
single high quality crystal does the job. 

3. An inherently lower noise level is achieved by Cascade Phase 
Shift Modulation which adds the phase shift of six simple stages. 

4. Very low harmonic distortion —less than 1.0% from 50 to 
15,000 CPS with 100 KC frequency deviation. 

5. Conservatively operated circuits prolong tube life —prevent 
program interruptions. 

RAYTHEON MANUFACTURING COMPANY 
Broadcast Equipment Division 

7475 No. Rogers Ave., Chicago 26, Illinois 

6. No expensive special tubes. The modulator unit uses only in¬ 
expensive receiver type tubes of proven reliability. 

7. Unit construction. There is no obsolescence to Raytheon FM 
Transmitters. Add an amplifier later to give the desired increase in 
power. All units are perfectly matched in size, styling and colors. 

8. Simple, very fast tuning. Circuit can be completely tuned up 
in two or three minutes without external measuring instruments. 

9. Lasting economy. Low’ first cost —low’ power cost —advanced 
engineering design —plus modern styling, guarantee years of satis¬ 
faction. 
10. Easy to service. Excellent mechanical layout, vertical type 
chassis and full height front and rear doors make servicing fast and 
easy. 

RAYTHEON 

DEVOTED TO RESEARCH AND MANUFACTURE FOR THE BROADCASTING INDUSTRY 
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THIS MONTH’S COVER 

How can wc provide full FM 
performance without making sets 
cost so much as to limit tin* 
market? That is the No. I prob¬ 
lem of the industry today. for it 
is certain that there is a limit to 
the number of FM - \M receivers 
that can be sold al prices which 
start at $500. 
W alter Buehr, artist, indus¬ 

trial designer, and IM enthusiast 
says: on can't take it out of 
the radio without cutting the 
performance. So the thing to do 
i* to lake the radio out of the 
furniture.*' This argument, as he 
presents it on page 31, may 
revolutionize postwar set de¬ 
signs. 'This month's cover shows 
W aller Buehr in his New ï ork 
studio on East 35th Street. 

tx O 

FM CIRCUITS • RF COILS • IF COILS • DISCRIMINATOR COILS • RF 

ARE YOU working on 
designs for new FM-AM 
receivers? If so, we can be 
of great help in relieving 
you of what may become 

your most serious production head¬ 
ache — the RF, IF, and discriminator 
coils. 

As we have pointed out before, 
there’s a tremendous difference be¬ 
tween coils for AM broadcast receivers 
and those required for critical perform¬ 
ance of high-sensitivity FM circuits. 

For that reason, you may very well find 
that your source of supply on AM coils 
won’t be able to meet your FM require¬ 
ments. In saying this, we are not exag¬ 
gerating the greater care and accuracy 
and the finer, more careful workman¬ 
ship that must be used in producing 
FM windings, and the closer electrical 
and mechanical tolerances which must 
be met. 

We know, for our experience in 
winding FM coils goes back to war¬ 
time FM communications equipment. 
Today, we qualify as experts in this 
highly specialized field. You will 
understand how true that is when you 
compare ARTTED coils with those 
from plants which have been produc¬ 
ing only AM coils. 

We’ll be glad to discuss your FM 
coil problems with you if you’ll phone 
us at Springfield 3-3944. — Arthur 
Demers and Theodore Klassanos 

ARTTED COMPANY 
126 Dwight Street 

Springfield, Massachusetts 

2 RF FILTERS • IF COILS • DISCRIMINATOR COILS • RF CHOKES • RF FILTERS • 
P. nt er cd as second-class matter. August 22. W tS. at the Post Office. Great Harrington. Mass., under the let of March 3. 

ZÄ79. tdditional entry at the Post Office, Concord, .V. II. Printed in the I . .S. I. 
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ANDREW CQ 
363 EAST 75th STREET • CHICAGO 19 

Pioneer Specialists 

in the Manufacture 

of a (.ampíete Line of 

Antenna equipment 

BURTON BROWNE ADVERTISING 

I. Tele-Strategy 

2.What is Standard? 

Ill seemed as if FM took ¡i terrible 
I beating at the time of the FCC hear¬ 

ings which were concluded in 1945, but 
that was nothing to the job that is being 
done on color television. 
The sequential vs. simultaneous color 

transmission has degi ncrated into an out-
and-out slugging match, with CBS-se-
quentials standing toe-to-toe with NBC-
RCA-Dumont-Philco-simultaneous ex¬ 
ponents swapping haymakers. 
CBS-Goldmark claims that "it is grossly 

inaccurate to call the sequential system 
a mechanical one" because it can be just 
as electronic as the simultaneous system. 
Furthermore, he insists that he saw at 
RC.Vs Princeton demonstration none of 
the fundamental qualities such as high 
color-fidelity and resolution apparent in 
the CBS sequential system, and at Prince¬ 
ton. "for the first time in my experience 
with color television. I was conscious of 
eyestrain." 

Baek came Philco-Bingley with a kid¬ 
ney punch assertion that the CBS me¬ 
chanical equipment is so deficient at the 
present time that. "In 7 out of 8 test 
locations within 25 miles of the trans¬ 
mitter in New York, a color picture could 
not be seen even when elaborate antenna 
installations, far too costly for the average 
home owner, were resorted to . . . perhaps 
the most surprising of all is the fact that 
proponents of this mechanical system of 
color have asked the FCC to accept their 
standards as commercially acceptable 
when practically no field tests under 
actual home conditions had been made 

i until last week." 
(CBS claims to have assembled more 

field-test and propagation data than any¬ 
one else.) 
RCA-Engstrom let loose a hook to the 

jaw with the claim that the all-electronic, 
simultaneous system is superior because 
of its freedom from flicker, greater bright¬ 
ness, absence of color fringe and breakup, 
greater possibilities as to color fidelity 
and picture brightness for pictures of 
comparable size, less band width, more 
flexibility for network operation, and its 
compatability with present black-and-
white equipment. 
Ami so it went, round after round, until 

both sides were talked out. The FCC will 
render a technical decision, since neither 

I side was able to score a knock-out. 
(CONTINUED ON PAGE 70) 
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FM 
... a challenge to the radio industry 

I' requeues Modulation radio is out of the theors and experimental stage. FM is noss 
a commercial realit) , reads to pros ide the public ss ith radio communication far superior 
to ans thing knossn in the past. In fact, /W has obsoleted old-fashioned I \I radio. 

This simple fact presents the radio industrs including the manufacturers, the dealers 
and the broadcasters ss ith the biggest single challenge in radio history and svith 
the biggest single opportunits. 

ihe opportunity lies in the greater sers ice made possible bs F M’s superior quality of 
radio transmission, and its vastls improved coverage through greater numbers of 
non-interfering stations. The opporlunits is equalls apparent in the enormous ness 
markets sshich such ads anee opens for the radio industrs . 

The challenge Vies in the manner in sshich these opportunities are acted upon. Plies can 
be dereloped to the great and mutual advantage of the public ami the radio indus¬ 
try. Or they can be exploited for the short run gain of a fess and permanent harm 
for the many. 

I he opportunits ssill best be realized and the challenge square!) met: 
If manufacturers see to it that the true advantages and qualit) of genuine 

I* requeues Modulation an* built into every piece of FM broadcasting and recéis ing 
equipmen I. 

11 dealers are careful to demonstrate the true performance and educate the pub¬ 
lic on the selection, use and enjoyment of bona Iide FM receivers. 

If broadcasters are quick to bring ness FM stations to high posser levels of 
efficient signal transmission and coverage. 

In short, if all the components of the radio industry ssill svork together to give 
the public the full advantage of Frequencs Modulation from the outset. 

FM has been pioneered, proven and is noss in mass production. We have entered a 
ness era of radio. The public is entitled to the best from FM from the beginning. 
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Ingenuity and skill in applying sound engineering principles 
and combining them with modern streamlined styling have 
made Turner the top name in microphones. Whatever your 
need for accurate pickup and true life reproduction of 
voice or music there’s a Microphone by Turner to do the job. 

THE TURNER MODEL 211 BROADCAST QUALITY DYNAMIC 
Engineered for the critical user who is satisfied only by finest 
reproduction, the Turner Model 211 Dynamic utilizes an 
improved magnet structure and acoustic network. The high 
frequency range is extended and the extreme lows raised 
2 to 4 decibels. A specially designed precision diaphragm 
results in extremely low harmonic and phase distortion with¬ 
out sacrifice of high output level. Very sensitive to variations 
in tone and volume, its accurate pickup and smooth response 
is free from peaks or holes from 30 to 10,000 c.p.s. Ideal 
for both voice and music, the Turner 211 is recommended 
for quality recording, sound system, public address, and 
remote control broadcast work. It may be used with utmost 
confidence indoors or out, in any climate or temperature. 

SPECIFICATIONS: 

• Output Level: 54 db below 1 volt dyne/ sq. cm. at high impedance. 
• Response: Substantially flat within ±5db from 30 to 12,000 c.p.s. 
• Impedance: 50 ohms, 200 ohms, 500 ohms, high impedance. 
• Directivity: Semi-directional. Non-directional when tilted full 90°. 
• Cose: Salt-shaker type in rich satin chrome finish. 
• Cable: 20 ft. shielded heavy duty 2-conductor removable cable set. 
• Stand Coupler: Standard %"-27 thread. 

Ask your dealer for details or write 

THE TURNER COMPANY 
906 17th Street N. E., Cedar Rapids, Iowa 

LICENSED UNDER U S. PATENTS Of THE AMERICAN TELEPHONE AND TELEGRAPH COMPANY 

TURN TO TURNER FOR THE FINEST IN ELECTRONIC EQUIPMENT 

AND WESTERN ELECTRIC COMPANY. INCORPORATED 
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BLAW-KNOX 
ANTENNA TOWERS 
Again welcome Admiral Byrd back to 

cape 

Little America! 

^7^° 1 ( said, I L

¿0 » cS. M^VI-Doctor 1 

SiPVe > ! expedltl0"aerday B Paul ,e Antarctic e*^Wi „ester K 
aS'ie'icoptA\o to'*61'oí m ns stitt B ’ 

on a ■ .ne radio catnps ■ . located the &Ild 19^ » 

o{ Erie, P-y Ä4 , 

had . r collision W - glacier co o£ the | 

-» r. S« ss? » • 1 
lS”S«» TS »»t “St 

*ngs ex^6 fought! ... „► 

There they were—tall, straight and conspicuous after 18 lonely 
winters in the frozen Antarctic. Even back in 1929 Blaw-Knox 
had a reputation as radio tower experts which was well-known 
to Byrd’s engineers. 

Today Blaw-Knox has acquired an unequalled experience 
through thousands of installations both here and abroad... AM, 
FM, UHF, Radar and Television. This valuable know-how is 
available to you at no added cost. 

BLAW-KNOX DIVISION 
OF BLAW-KNOX COMPANY 

2046 Farmers Bank Building, Pittsburgh 22, Pa. 

BLAW-KNOX fN.Tw\N?t 
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GUARANTEED TO DELIVER 
over 100,000 TRANSMISSIONS 

For RELIABLE mobile transmitter performance, be sure of 
RELIABLE POWER . . . such as only CARTER GENEMOTORS 
can deliver. Specified by the majority of leading communications 
manufacturers, thousands have operated for years without serv¬ 
icing! Instantaneous action . . .full power in 3/10th of a second 
when you press your mike switch. CARTER gives you ALL the 
desired features at low cost. Write for illustrated catalog. 

Here’s Your Newest Profit Builder! 
A striking, three-dimensional display which 

catches the eye of every customer. It's 
completely assembled, ready to place on 

your counter and bring in easy, extra sales. 
You pay only for the four fast moving mod¬ 

els mounted. The display itself is FREE! 

\IMRD 

WORD 
WORLD’S FINEST 

ANO FASTEST SELLING 

Every Ward model has been tested and ap¬ 
proved by car and radio set manufacturers 
—your proof of quality inside and out. 

PROFIT BUILDER 

THE WARD PRODUCTS CORPORATION • 1523 E. 45 Hl STREET, CLEVELAND 3, OHIO 

EXPORT DEPARTMENT: C. O. BRANDES, MGR., 4900 EUCLID AVENUE, CLEVELAND 3, OHIO 
IN CANADA: ATLAS RADIO CORP., 560 KING STREET, WEST,, TORONTO, ONTARIO, CANADA 

LIST $22.00 

Each of these models is engineered 
and equipped to fit every car! 

LOS Angeles! S. Harmon Co., manufac¬ 
turer’s agents covering California and 
Arizona, has moved to permanent quar¬ 
ters in a new building at 830 W. Venice 
Boulevard. Los Angeles. W. S. Harmon 
was formerly vice president and chief 
engineer of Hoffman Radio. 

Collins: Russell B. Rennaker. W9CRC. has 
joined Collins Radio as broadcast sales 
manager. Prior to war service in the 
OSS. he was with Federal at Newark and 
Chicago, and with CBS as engineering 
supervisor. Robert II. Hollister, who 
joined Collins in 1945, has been named 
assistant . 

Heintz & Kaufman: Have appointed E. V. 
Hobcrts & Associates. <>510 Selma Avenue, 
Hollywood. as representatives in south¬ 
ern California and Arizona. 

Jensen: < ■ rant Shaffer, formerly sales man¬ 
ager of Stancor’s distributor division, will 
represent Jensen Manufacturing Com¬ 
pany in Michigan, lie will make his head¬ 
quarters at 643d Cass Avenue. Detroit. 

Emerson: Charles O'Neil Weisser has been 
appointed sales manager for Emerson Ra¬ 
dio and Phonograph Corporation. For the 
past 10 years, he was Emerson's western 
divisional manager. 

Hall'crafters: Jack F. McKinney, of Dallas, 
is now southwestern regional representa¬ 
tive for Hallieraftcrs. Previously, he rep¬ 
resented only the Echophone division. 

General Instrument: Has opened a regional 
sihs office in the White Memorial Build¬ 
ing. Syracuse, New York. Raymond D. 
Griffiths will be in charge as district 
manager. 

RCA: Deale r meetings were staged in Los 
Angeles on February ¿6 ¿7 by Leo J. 
Mayberg ( 'ompany. R( A Victor dist ribu-
tor. to mark the launching of television set 
sales in that area. Four models were 
shown: two table types, a direct-viewing 
console with FM-AM radio and phono¬ 
graph, and a projection-screen console 
with FM-AM broadcast and short-wave 
reception. 

Raytheon: Headquarters for Raytheon's 
receiver tube sales division have been 
established at 415 LakcShore Drive. Chi¬ 
cago. All sales and promotion activities 
of this division will be directed by sales 
manager Ernest Kohler, Jr. 

(CONCLUDED ON PAGE 69) 
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Just off 

the Press! 

postpaid in U. S. 
elsewhere $2.25 

the Industry’s Most-Needed Source of Information 

The STANDARD FM HANDBOOK 
THE 15 chapters of the FM HANDBOOK 

were written by 14 outstanding FM engi¬ 
neers. This book, of 174 pages, 83A by 1 PA 
ins., is equal to 300 pages of the ordinary 
handbook size. There are 218 photographs, 
wiring diagrams, and charts to illustrate the 
latest FM equipment and circuits. Here is a 
resume of the chapters: 

1. Background of FM: as told by Major 
Armstrong to the Senate Interstate Commerce 
Committee in December, 1943. Also, excerpts 
from his log in 1934, ’38, and ’39. 

2. Theory of FM: by Rene Hemmes. This is 
the most complete and understandable ex¬ 
planation of FM theory ever written. By using 
charts and diagrams, the functions of FM cir¬ 
cuits are shown clearly, without recourse to 
mathematics. This chapter explains all the 
special features of receiver design, including 
AFC; and transmitter design, including the 
Armstrong dual-channel modulator. 

3. Business of FM Broadcasting: by Milton 
B. Sleeper. Answers questions from those 
planning to enter FM broadcasting. 

4. FM Studio Techniques: by D. W. Gellerup. 
Explaining fundamental differences between 
AM and FM techniques. 

5. Coaxial Lines for FM Transmitters: by 
C. Russel Cox. A complete exposition, with 
working charts and mechanical layouts. 

6. Audio Distortion and Its Causes: by Jerry 
Minter. A study of cross-modulation and its 
effect on tone quality. 

7. High-Fidelity Reproduction: by John K. 
Hilliard. Describing the operation and design 
of coaxial speakers and high-fidelity amplifiers. 

8. Antennas for Communications Frequen¬ 
cies: by James A. Craig. Covering all types of 
antennas for 30 to 44, 72 to 76, and 152 to 
156 me. 

9. Selective Calling Methods: by Milton B. 
Sleeper. Explanation includes a call-number 
chart for individual and group calling. 

10. Maintenance of Communications Sys¬ 
tems: by Frank Bramley. How Connecticut 
State Police handles the maintenance of 332 
cars and 11 main stations. 

1 1. Alignment of FM Receivers, by Bernard 
J. Cosman. The fast, visual method for aligning 
FM broadcast and communications receivers. 

12. WWV Signals for Frequency Checking, 
by Arthur Fong. Describing a receiver for 
checking circuits, meters, and modulators from 
WWV transmissions. 

13. Railroad Radio Installations: by Arnold 
Nygren. Presenting factual data on their op¬ 
eration and performance. 

14. Notes on Facsimile Equipment, by 
Frank R. Brick. Outline of progress for com¬ 
mercial and broadcast services. 

March 1947— formerly FM, and FM Radio-Electronics 

1 5. FCC Standards of FM Engineering Prac¬ 
tice, corrected to January 1, 1947. 

NO OTHER BOOK LIKE IT 
This is the first and ONLY Book ever writ¬ 

ten on FM which covers BOTH theory and 
practice. It answers questions for those en¬ 
gaged in manufacturing, broadcasting, com¬ 
munications, sales, and maintenance. What¬ 
ever your connection with the industry, you’ll 
find that it contains the largest amount of prac¬ 
tical useful information you have ever bought 
in any one book! 

ORDER YOUR COPY NOW! 
- ! 
FM and TELEVISION | 
Savings Bank Bldg. 
Great Barrington, Mass. 

Please send me by return mail a copy of the I 
Standard FM Handbook. 

Fneloqpd trp Q $2-00 (paper edition) Enclosed are Q 00 (doth edition)

Name. | 

Street. i 

City.   ! 
Postpaid in U.S.A. — Add 25¿ foreign postage I 
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1922. One of the earliest audio systems, 
shown here at WWJ, Detroit, used a West¬ 
ern Electric 8-type amplifier, with keys, 
jacks and plugs provided for line selection 
and output switching. 

1926. The first coordinated speech in¬ 
put system was this Western Electric 7A, 
with all controls in a wooden console 
mounted on a desk. First to use rectified 
a-c for plate supply. 

1929. Studio control equipment in¬ 
stalled in the first New York studio of 
the Columbio Broadcasting System. This 
was one of the first custom-built audio 
systems. 

1939. This custom-built audio console for 
WOR was the first commercial type meeting 
all requirements for FM use. It provided cir¬ 
cuits and equipment to meet specific operat¬ 
ing conditions. The tailored metal desks 
mounted amplifiers, control and switching 
equipment and turntable units—all within 
easy reach of the operator. 

1946. The 25B console is an improved, enlarged 
version of the 25A, introduced in 1942. For either FM 
or AM use, the 25B provides two channels and controls 
two FM or AM programs simultaneously. This new 
equipment is compact, rugged and modern in appear¬ 
ance. Ease of control, instant accessibility, plug-in 
cable connections and a frequency response of ±1 
db, 50 to 15,000 cycles are some outstanding features. 

-QUALITY COUNTS-
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front in Broadcast Audio Systems 

1931. This smartly styled 
9A audio equipment was 
the first all a-c system. All 
controls in a single panel; 
frequency response step¬ 
ped up to 10,000 cycles. 

1933. The factory-assembled 700 series 
was the earliest to use recessed panel con¬ 
struction, interchangeable for rack or cab¬ 
inet mounting. For multiple channel opera¬ 
tion, several panels were combined. 

tained 23A studio control equipment intro¬ 
duced a brand new style for standardized 
studio units. First studio system to use stabilized 
feedback. The current 23C, with frequency 
response to 15,000 cycles, is widely used in 
AM and FM broadcasting. 

1947. Typical of the custom-mode broadcast audio 
systems being produced by the Bell Laboratories-
Western Electric team is this up-to-the-minute custom 
console designed for KHJ, Hollywood. Custom-built 
equipment such as this is engineered to meet com¬ 
pletely requirements of any station and provides the 
most flexible, versatile method of program control. 

Ever since the Lanoratories’ scientists de¬ 
signed and Western Electric produced 
the first high power commercial broad¬ 
cast transmitter and provided the audio 
facilities to go with it, this same team has 
pioneered in broadcast audio systems. 
Years of experience in the production of 
telephone amplifiers and switching equip¬ 
ment have given Bell Laboratories and 
Western Electric a head start in the 
broadcast audio facilities field—and con¬ 
stant research has kept them ahead. 
When you need speech input equip¬ 

ment—for studio or portable use, stand¬ 
ard console or tailor-made, AM or FM 
or both—look to Western Electric. 

BELL TELEPHONE LABORATORIES 
World's largest organization devoted exclusively to research 
and development in all phases of electrical communications. 

Western Electric 
Manufacturing unit of the Bell System and the nation s largest 

producer of communications equipment. 
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Specify These Federal Air Cooled Triodes 
3,000 and 10,000 Watts per pair at 88 to 108 Megacycles 

leading FM stations all over the country report that these 
Federal triodes are not only living up to —but far exceeding — 
their exacting specifications, in day-after-day performance on 
the job. 

To us at Federal, such service records are no surprise. Be¬ 
cause long before these tubes were announced, they were sub¬ 
jected to the most rigorous and exhaustive development tests at 
the factory —for dependability, permanence of characteristics, 
overload capacity and long life. And in production, every tube is 
checked and double checked all along the line, from raw mate¬ 
rials to finished product, to assure the utmost perfection of every 
detail. For complete information, write today to Dept. K520. 

DATA-TYPE 7C26 
Frequency, 88-108 Megacycles 

(Max. Output up to 150 Me) 
Maximum 

plate dissipation . . . 1000 watts 
Filament voltage. 9.0 volts 
Filament current . 28.0 amp 
Amplification factor . . 22 
Mutual conductance 

20,000 Umhos 
Cooling air requirements at 
maximum dissipation . 75 cfm 

DATA-TYPE 7C27 
Frequency, 88-108 Megacycles 

(Max. Output up to 110 Me) 
Maximum 

plate dissipation . . 3000 watts 
Filament voltage . 16.0 volts 
Filament current . 29.0 amp 
Amplification factor . 27 
Mutual conductance 

20,000 Umhos 
Cooling air requirements at 
maximum dissipation .175 cfm 

Export Distributors:— International Standard Electric Corp. 67 Broad St., N. Y. C< 

Federal Telephone and Radio Corporation 
HR Newark I, 

New Jersey 
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Model S-36A 

The Model S-36A is probably the most versatile VHF receiver ever 
designed. Covering a frequency range of 27.8 to 143 Me it performs 
equally well on AM, FM or as a communications receiver for CW 
telegraphy. Equipment like this was introduced by Hallicrafters 
more than 5 years ago, clearly anticipating the present trend toward 
improved service on the higher frequencies. 

Model $-37 FM-AM receiver is an outstanding example of Hallicraft¬ 
ers pioneering work in the upper regions of the spectrum. Covering 
the frequencies between 130 and 210 Me, the S-37 orovides superior 
VHF performance. An indispensable instrument for all engaged in 
FM experimentation. 

With the introduction of the new Model SX-42 Hallicrafters further 
strengthens its foremost position in FM. The SX-42 offers the greatest 
continuous frequency coverage of any Communications receiver . . . 
from 540 kc to 110 Me. Tremendous frequency range made possible 
by new “split-stator” tuning system and the use of dual interme¬ 
diate frequency transformers. 

By experience and accomplishment Hallicraft¬ 
ers is a factor to be reckoned with in FM. 
This brief summary shows how models like 
the S-36A and the S-37 were developed more 
than 5 years ago —five years in advance of other 
commercially developed receivers. The new 

Model SX-42 and other FM receivers now 
in development will continue to maintain 
Hallicrafters foremost position in the highly 
specialized FM field. Hallicrafters will have 
high quality FM equipment available in every 
price bracket. 

COPYRIGHT 19« THE HALLICRAETERS CO. 

hallicrafters radio 
THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO 

AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 
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MM a really simple, 

-1 ■ 

THE NEW RCA TELEVISION PROJECTOR (TYPE 
TP-16A) FOR TELECASTING 16mm SOUND FILMS 

Attractive umber-gray, crackle-finish matches that 
of other RCA television equipments. Pedestal 
houses field supply and control circuits for motor. 
(See main copy). 

As Used With RCA's TK-20A Film 
Camera. Pictures are projected dire t-
ly on the mosaic of the pick-up tube 
in the film camera to obtain the video 
signal. By means of a mirror switching 
system, one camera can be used to 
serve a pair of projectors. 

14 IM \m> Television 



low- cost television projector 
•. available for immediate delivery 

Simplicity of operation, proved dependability, 
and low cost are the highlights of this new 
television tool. 
With it you can take full advantage of the 

excellent program material now available on 
16mm sound films. Newsreels, shorts, documen¬ 
taries, and sound films on countless other sub¬ 
jects can be worked into your daily schedules 
to add program variety and to keep down costs. 
The TP-16A Television Projector is a com¬ 

pletely self-contained, streamlined unit designed 
especially to meet the exacting requirements of 
television stations. Features include: 

• High-intensity optical system providing bril¬ 
liant reproduction of pictures. 

• Stabilized sound unit assuring unequaled 
sound quality. 

• Simple, foolproof, film-feed system permitting 
quick, easy film threading. 

• Dependability assured by using precision-
made parts of design similar to those used 
in RCA's outstandingly successful sound film 
projector —the famous PG-201. 

As shown by the diagram below, an ingeniously 
simple system is used to permit the required 60 
field-per-second television scanning of standard 
24 frame-per-second sound film. The 60 light 
Hashes which must pass through the film every 
second are easily obtained with only three major 
parts: a 1000-watt projector lamp, a slotted 
rotary shutter to interrupt the light beam, and 
a large-size motor that acts as a shutter drive. 
There is no need for expensive pulse-forming 
circuits. The incandescent lamp furnishes plenty 
of brilliance for 16mm film. Perfect synchroni¬ 
zation with the television system is assured by 
using the common power source to drive the 
shutter motor. No external synchronizing con¬ 
nections are required. 

For better, easier film programming it will 
pay you to investigate this simplified projector. 
We’ll be glad to send you complete price and 
descriptive data. Write: Dept. 35-C, Radio 
Corporation of America, Camden, New Jersey. 

TELEVISION BROADCAST EQUIPMENT 

RADIO CORPORATION of AMERICA 
ENGINEERING PRODUCTS DEPARTMENT. CAMDEN. N.J. 

In Canada: RCA VICTOR Company Limitad, Montreal 

PRINCIPLES OF OPERATION 
TIME—► 

fraMi «i FRAME «I FRAME *3 

UNLIGHTED UNLIGHTKD 
INTERVAL INTERVAL 

SCAN SCAN SCAN SCAN SCAN SCAN SCAN SCAN SCAN 

UNLIGHTED 
INTERVAL 

UNLIGHTED 
INTERVAL 

UNUGHTID 
INTERVAL 

UNLIGHTED 
INTERVAL 

UNLIGHTED 
INTERVAL 

PULLDOWN IN 

TELEVISION PROJECTOR 

SCANNING HELDS 

60 PER SECOND 

LIGHT FLASHES 

60 PER SECOND 

UNLIGHTED [ UNLIGHTEI 
INTERVAL INTERVAL 

Line A illustrates how, by using a special intermit¬ 
tent mechanism, the "pulldown" time in the TP-16A 
is reduced to 1 s the "frame cycle.” Line It indicates 
the duration and repetition rate of the short inter¬ 
vals during which light passes through the film. 
Line C shows the scanning intervals. Note that 
scanning takes place during the unlighted interval 

following each flash. This is made possible by the 
"storage” property of the film camera pick-up tube. 
The first frame is scanned twice, the second frame 
three times, the third frame twice, etc., for an aver¬ 
age rate of 2*/2 scannings per frame. This rate 
multiplied by 24 frames per second provides the 
required 60 scanned fields per second. 
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165 
WATTS 

LIST 
PRICE 

*5-95 

IT WAS NOT EASY . . . Compact though it is, the new 5516 is a far cry 
from the cathode-type tubes previously used in mobile vhf equipment. 
Design and production headaches for instant-heating vhf beam pentodes 
increase in geometric progression with the operating frequency. A glance at 
5516 constructional advantages discloses unusual measures taken to solve 
such problems. Yes, the 5516 of necessity costs more, but it does a real job 
at 165 me. 

WHAT THE 5516 DOES FOR YOU ... 5516 useful power outputs at 165 me 

POWER OUTPUT 

MOBILE F-M 

NEUTRALIZATION 

USEFUL 

FOR 

WITHOUT 

Üf}H55/6 Instant-Heating VHF Beam Pentode 

of 18 watts f-m, 12 watts a-m (more at lower frequencies) are not theoretical 
but are based on actual tested transmitter designs. Low internal tube drop 
gives high output at low plate potential, with simplified power supply 
requirements. Instant-heating filament permits tremendous savings in 
battery drain — mobile or aircraft. One 2E30 doubler or tripler drives a 
5516 in plate-modulated class C to full output at 165 me. Ratings — designed 
for mobile use - - are CCS and equally suitable for the fixed station. Also the 
5516 requires no neutralization in properly designed circuits. Write today for 
complete data sheet. 

HYTRON TYPE 5516 
INSTANT- HEATING VHF BEAM PENTODE 

GENERAL CHARACTERISTICS 

Filament . oxide-coated, center-tapped 
Potential (a-c or d-c) . 6.0 ± 10% volts 
Current . •. 0.7 ampere 

Grid-plate capacitance . 0.12 max^/zf 
Input capacitance . 8.5^f 
Output capacitance . 6.5/z/zf 
Maximum overall length . 3-21/32 inches 
Maximum diameter . 1-7/16 inches 
Base . low-loss, medium - shell, 8-pin octal 

ABSOLUTE MAXIMUM CCS RATINGS 

Mod.* Unmod, 
Í 80 me 475 

D-c plate potential . ■ 135 me 395 
I 165 me 355 
i 80 me 30 

D-c plate power input . ^135 me 26.5 
( 165 me 23.5 

D-c plate current . .. 75 
D-c screen potential. 250 
Plate dissipation. 10 

600 
500 
450 
45 
40 
35 
90 
250 
15 

USEFUL POWER OUTPUT (CCS) — TYPICAL OPERATION# 

Service 
Class C unmod. or f-m 
Class C plate-modulated 

Up to: 165 135 80 
. ... 18 24 30 
. ... 12 16 20 

* Carrier condition with max modulation percentage of 100. Useful power output to load 
equals plate power output less circuit and direct radiation losses. 

BASING — BOTTOM VIEW 
Pin Connection 

1 Fil. center tap ä 
beam plates 

2 Filament 
3 Screen grid 
4 Same as pin 1 

Pin Connection 

5 Control grid 
6 Same as pin 1 
7 Filament 
8 No connection 
Cap Plate 

5516 
CONSTRUCTIONAL ADVANTAGES 

Zirconium-coated plate, gold-plated 
control grid, carbonized screen grid 
enable maximum possible vhf ratings, 
despite compact size. 

• Special, rugged filament suspension 
avoids short circuits and burn-outs in 
rigorous mobile applications. 

• Three separate base-pin connections 
to filament center tap provide for 
lowest possible cathode lead induc¬ 
tance. 

• Dishpan stem and compact structure 
give short, heavy leads with low 
inductance and capacitance. 

I_ ____ 1 

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 

YTR 

16 

MAIN OFFICE: SALEM, MASSACHUSETTS 
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NOW that the Sunday Supplement era 
of Facsimile publicity has had its run . . . 
nearly everyone wants to get down to cases 

WITH ALDEN EQUIPMENT THIS IS EASY 
No Strings Attached . No Long Delay 

FOR INSTANCE: YOU CAN ORDER A SINGLE RECORDER WITH 
AMPLIFIER . and operate it from whatever FM set you choose to 
use getting any experimental facsimile program that is on the air in 
your vicinity or operate it by wire from a scanner if there are no stations. 

IF YOU ARE A BROADCAST STATION, EMERGENCY SERVICE, 
OR# DEALER . . . who wants to be first, and, perhaps only transmit 
to his window or showroom . . . you can ORDER NOW, for prompt 
delivery, an ALDEN UNIVERSAL SCANNER and RECORDER. 

IF YOU ARE A DEALER OR EXPERIMENTER and want only the 
mechanical part of the scanner we will supply that, you building your 

own amplifier. YOU DO NOT HAVE TO BUY THE COMPLETE SCANNER 
and cabinet that anticipates every need of the broadcaster. 

IF YOU ARE AN EMERGENCY SERVICE . . you will want our 
DISPATCH SCANNER. This will not be available until later in the year. 

In the meantime you can prove out the value of facsimile using our 
UNIVERSAL SCANNER and RECORDERS, which are so simple, rugged, 
and compact in construction as to be entirely suitable for use by the 
non-technical operator. 

* The ALDEN DiSPATCH SCANNER— at the press of a Key picks up copy of any 
length, automatically, produces a signal which automatically starts the recorder 
on the receiving end, transmits the copy, ejects it when finished. Then it resets 
ready for the next message. It takes up little room. 

What Can Be Ordered Now 

MERCHANDISERS AND PROMOTION MEN ARE 
GOING WILD OVER POSSIBILITIES OF THE LARGE 
MASTER SCANNERS AND MASTER RECORDERS 
Paper — 1 8 inches wide. (aS pictured below) 
Life size pictures appear at 
3 inches a minute. A full 
newspaper page can be re¬ 
produced in 8 minutes. 

A large size bulletin, copv 
enlarged to 3 times that of 
the original (to be visible at 
a distance) appears at 9 
inches a minute. It's an 
attention-getter of the first 
order. 

You may order now 
CHAIRSIDE RECORDERS —re 
cording either 4.1 or 8.2 inches 
wide— With its special amplifier, it 
will operate from any FM set you 
choose. Your FM set being placed 
in the best position for audio-
reception and the Recorder where 
most convenient to view. 

You may order now 
RECORDERS alone, either size, 
without cabinet or without special 
amplifier. 

You may order now 
The ALDEN UNIVERSAL SCAN¬ NER, with its quality signal capable 
of transmitting to all widths of 
recorders and standards of defini¬ 
tion. Complete with cabinet, quick 
interlocking electronic units, or, the 
Scanner itself alone, or, with what¬ 
ever units you may select. 

IF YOU WANT QUICK ACTION 

Here’s What You Do! 
Hop a plane, or train, and talk it over with us, personally. It's a wise plan, in 
fact almost essential, TO FIRST PHONE FOR AN APPOINTMENT. Then we'll be 
sure to be ready to receive you. 

\ A/ A P N I N T Our l' ,era,ure 's nof as Yet complete and comprehensive 
M Il I 11 \J enough to tell all the story and we do not have enough 

trained representatives to call on you, but we want to work with you— so either 
come to the factory, or write us. At least get on our mailing list, to keep posted. 
Please tell us frankly whether your interest is casual or specific. 

117 NORTH MAIN STREET 

CU. BROCKTON 64, MASSACHUSETTS 
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COMPLETE ACCESSIBILITY 
All components instantly accessible without removal of 
any chassis. Operating controls— switches, lights, me¬ 
ters, gain controls located on front panel. Tubes and 
plug-in electrolytic capacitors readily accessible from 
rear of cabinet. Permanently attached, hinged front 
panels serve as shelves when open, thus providing 
still greater convenience. 

NEWLY STYLED . . . Attractively finished, 
mechanically clean— these handsome blue-gray audio 
racks are a complement to any modern studio. Re¬ 
cessed panel mounting and General Electric amplifier 
construction eliminate the need for accessory trim. 

EXCELLENT PERFORMANCE 
Extended frequency response, lower noise and dis¬ 
tortion levels meet every requirement in FM, AM and 
TV service. More than satisfies all FCC regulations and 
latest RMA proposals. Any combination of input and 
output impedances may be used, with provisions for 
present 30 and 250 ohm or proposed 150 and 600 
ohm microphones. 

HIGHLY ADAPTABLE .. . New wiring duct 
affords maximum ease of installation and flexibility 
to meet the widest possible variety of station require¬ 
ments. Full length duct covers and closely spaced 
wiring ports contribute to neatness of installation. 

Audio 
Data FRSS

Free to you for the asking is General Electric's new 44-page tech¬ 
nical specification book that describes the new a-f amplifiers, 
accessories, and loudspeakers. Ask your General Electric broad¬ 
cast sales engineer for a copy, or write to the Electronics Depart¬ 
ment, General Electric Company, Syracuse 1, New York. 
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FEATURING INSTANT ACCESSIBILITY 

GENERAL ELECTRIC 

^^eneral Electric’s new high-fidelity audio equipment does 

away with complicated servicing procedures—puts every cir¬ 

cuit component within instant reach! It assures you maximum 

on-the-air reliability, lower cost-per-hour of broadcast service 

— places your a-f facilities ahead of tomorrow’s demands. 

FIRST AND GREATE AME IN ELECTRONICS 
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Professional Service Directory 

fini Ltf CT (fa i ley 
AN ORGANIZATION OF 

Qualified Radio Engineers 
DEDICATED TO THE 

SERI ICE 01 RRO IDE. ÍSTEXO 

National Pre«« Hid}'.. Washington. D.C. 

ANDREW CO. 
Consulting Radio Engineers 

363 EAST 75th STREET, CHICAGO 19 

Triangle 4400 

• TELEPHONE BRIDGEPORT 5-2055 • 

GARO W. RAY 
Consulting Radio Engineers 

991 Broad Street, Suite 9-1 1 
Bridgeport 3, Conn. 

LABORATORY: Hilltop Drive 
Stratford, Conn. — Phone 7-2465 

Instruments and Measurements 

í)te 
ROBERT L. KAUFMAN 

Dll G IS IZA I ION 
• Construction Supervision (FM \ M , 
Technical Maintenance, ami Business Ser¬ 
vices for Radio Broadcast Stations. 

Miinsey Building Washington 4. I>. C. 

District 2292 

RATES FOR 

PROFESSIONAL CARDS 
IN THIS DIRECTORY 

• 

$10 Per Month for This Standard 
Space. Orders Are Accepted 

for 1 2 Insertions Only 

Raymond M. Wilmotte, Inc. 

Consulting Engineers 

Radio and Electronics 

PAUL A. DeMARS, Associate 
1469 Church St., N. W., Washington 5, D.C. 

Decatur 12 34 

MAY & BOND 

CONSULTING RADIO ENGINEERS 

1422 F Street, N. W. Wash. 4, D. C. 

Kellogg Building Republic 3984 

OUR 
18th 
YEAR 

Herbert L. Wilson 
Consulting 

Radio Engineers 

1018 Vermont Ave., N.W. NA. 7161 
Washington 5, D. C. 

1000 No. Seward St. HO. 6321 
Hollywood 38, Calif. 

CONSULTING 

RADIO ENGINEERS 

DIXIE B. MCKEY 
& 

ASSOCIATES 

1730 CONNECTICUT AVE. N.W. 

WASHINGTON 9, D.C. ADAMS 3711 

FREQUENCY MEASURING 
SERVICE 

Exact Measurements * of any time 

RCA COMMUNICATIONS, INC. 

íf/ 64 Broad Street, New York 4, N Y. 

— K^rank II.-
V! TNTOSII 

Consulting Radio Engineers 
710 lllh St. N.W., Wash. 5, D.C. 

Metropolitan 4477 

H. V. Anderson 
AND ASSOCIATES 

• Consulting Radio Engineers 

715 American Bank Bldg. Tel. RAymond 0111 

New Orleans 12, Louisiana 

Radio Engineering Consultants, 

Frequency Monitoring 

Commercial Radio Equip. Co. 
International Building • Washington, D. C. 

321 E. Gregory Boulevard • Kansas City, Mo. 

Cross Roads of the World • Hollywood, Calif. 

(^uitom-ßuiit 

SPEECH INPUT EQUIPMENT 

U. S. Kecordinii Co. 
1121 Vermont Avenue 
Washington 5. D. C. 

District 1640 

The first step taken by any 
new group planning to enter 
FM is to subscribe to FM and 
Television. That is why con¬ 
sultants w Iio use this Directory 
are the first to reach new 
clients. 
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Professional Service Directory 

McNARY & WRATHALL 
CONSULTING RADIO ENGINEERS 

* ♦ ★ 

983 National Press Bldg. D!. 1205 
Washington, D. C. 

FREQUENCY MEASURING 
SERVICE 

Highest Accuracy — Anytime 

STANDARD — MEASUREMENTS 
Division of RADIO ELECTRONICS, INC. 

Phone 2652 ENID, OKLAHOMA 

DALE POLLACK 
FREQUENCY MODULATION 

development and research 
transmitters, receivers 

communications systems 

352 Pequot Avenue New London, Conn. 

New London, 2-4824 

WATKINS 9-5310 

Consulting Engineers 

MECHANICAL— RADIO—ELECTRONIC 

PRODUCT DEVELOPMENT & RESEARCH 

Development Specialists in Circuits, Part 
Lists, Models, Manufacturing Drawings. 

143-145 W. 22ND STREET, NEW YORK 11 

WINFIELD SCOTT MCCAGHREN 
AND ASSOCIATES 

Consulting Radio Engineers 

TELEVISION SPECIALISTS 

PHILADELPHIA: 

809B Windemere Ave. 
Drexel Hill, Pa. 
Sunset 2537-W 

410 BOND BUILDING 

Washington, D. C. 

District 6923 

THE WORKSHOP 
ASSOCIATES 

IMdHIKKATED 

Specialists in 

High-Frequency An ten tins 

bb Needham St.. .Newton Highlands. Mass. 

Hiuelms 3330 

KEAR O KENNEDY 
Consulting Radio Engineers 

1703 K. St. N.W. REpublic 1951 

Washington, D. C. 

NATHAN 
AM 

WILLIAMS 
Consulting Engineer 

20 Algoma Blvd. 

Phone: Bl khauk 22 Oshkosh ’ V ,s-

ENGINEERING AND 

PATENT LIBRARIES 

Bound volumes No. I I and 12 of 
FM and Television for January to 
June, 1946, and July to December 
1916 are now being made up. Price, 
each, $5.50 plus 25ff shipping charges. 

FM and Television presents: 
April, Mav, June Issues 

Practical Considerations Affecting FM Coverage 
By PAUL A. deMARS and THOMAS A. WRIGHT 

The highly controversial issues of propagation and coverage at FM fre¬ 
quencies have been resolved by Messrs. deMars and Wright into essential, 
workable factors that can be applied to the realistic determination of FM 
transmitter performance. Three articles will treat with these principal subjects: 

APRIL: General Considerations of Propagation — Effect of Troposphere on Signal In¬ 
tensities vs. Distance for Varying Antenna Heights. 

MAY : Realistic Determination of Coverage — Effects of Terrain and Shadows. 

JUNE: Relation between FM Station Allocations and Actual Areas of Coverage. 

for BROADCAST & COMMUNICATIONS ENGINEERS 
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the quality I 

expect fr°m .F;;nt from micro- I 
Electric eqUiy a. Every itemha^ I phone ̂ antenna hone 

been deS^„^ Laboratories tornee broad-
requirements and worth 
caster more tha * dabiiity and 
in nerformance, 
Rostof operation^ 

I For partículars, sentative, 

I orwritetoGr yb yorkl7,N.Y 
I Lexington Ave., _ Western Electric 

— QUALITY COUNTS — 

faithful, 

formance with one of Western’s beautifully designed 

“Transviow" Synchronized FM Transmitters. In addi¬ 

tion to the 1 kw shown, the line includes 250 watt, 3 kw, 

10 kw, 25 kw and 50 kw powers. 

Operate at maximum level, yet preclude the possibility 

of program distortion in your listeners' receivers by auto¬ 

matically eliminating transmitter over-swing with the 

1126C Program Operated Level Governing Amplifier. 

Pick up your live programs and start them on 

their way with highest quality. Choose Western 

Electric's 639 type Cardioid Microphone— 

adjustable to meet your every program re¬ 

quirement. 

high quality, single direct 

radiator. For the widest fre¬ 

quency range, you'll want 

Western Electric's new two-

unit loudspeaker system. 

Put your program “on the 

air*' with the easily erec¬ 

ted high gain 54A Clover-

Leaf Antenna. This highly 

efficient broad band an¬ 

tenna provides full 50 kw 

capacity. 

Get the most out of all types of transcriptions and 

records. Use Western's 109 Type Reproducer 

Group available with 9A Reproducer having dia¬ 

mond stylus tip, or 9B Reproducer with sapphire tip. 

For simultaneous control of two programs, the 

attractive, high quality Western Electric 25B Con¬ 

sole provides two main channels at moderate cost. 

For economical single channel studio control, use 

the 23C Audio equipment. Special Custom Built 

Control Consoles and Dispatching Systems are 

also available to meet “individualized" produc¬ 

tion and programming requirements. 

Monitor and audition your 

programs with the new 
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THE REL CLINIC BROUGHT ENGINEERS FROM ALL OVER THE U S., AND SENT THEM BACK WITH A NEW CONCEPT OF FM PERFORMANCE 

FM CLINIC FOR BROADCAST ENGINEERS 
REL Presents FM as the Standard of Broadcast Performance al 4-Day Lecture-Demonstration Course 

BY MILTON B. SLEEPER 

THE FM broadcast engineerng clinic at the REL plant in Long Island City, 
held on January ¿0 ¿3. marked another 
milestone in the progress of the radio 
art. On this occasion, more than 100 
broadcast station engineers were shown, 
by a series of on-the-air demonstrations, 
that FM offers a new standard of per¬ 
formance. namely, reproduction in which 
nothing is added to or omitted from the 
original speech and music. 

I'he REL clinic, indeed, opened a star¬ 
tling vista of what broadcasting can 
accomplish now. and what must soon be¬ 
come universal practice. One of the engi¬ 
neers who attended the 4-day meeting ex¬ 
pressed it in this way: “ Afterwhat I heard 
and saw. I feel that all the limitations of 
broadcasting I had come to accept during 
years of AM experience have been swept 
away!” 

1’hat is an accurate way to express the 
extent of the radical changes which FM 
has brought to broadcasting. But to un¬ 
derstand the full significance of this 
change, it is necessary to look back to 
the early days of the art when Marconi 
and his contemporaries were seeking to 
perfect long-distance transmission of code 
messages, without the use of wires. 

In that effort, over a period of years, 
they were eminently successful. As the 
early spark transmitter was succeeded by 

the are, the alternator, and the vacuum 
tube, message transmission by continuous-
wave telegraph was expanded into a world¬ 
wide service. 

'i'he perfection of continuous-wave te-
legrapi y challenged the engineers to find 
a way to modulate the amplitude of the 
transmitter output not merely in dot¬ 
dash intervals, but in accordance with the 
volume and frequency of the human voice. 
In the end. this was accomplished, and 
today we have at our command the facili¬ 
ties of a world-wide wireless telephone 
system. 

The success of Amplitude Modulation 
for speech transmission opened up another 
kind of public service — the broadcasting 
of entertainment by radio. Here, indeed, 
was a service that all could enjoy, and 
the demand for receiving sets and for 
stations to originate programs outran the 
vision of the engineers who pioneered this 
branch of the radio art. 
More than ten years ago, it was clear 

that broadcast service rendered by the 
old system of wireless telegraphy, how¬ 
ever skillfully modified for speech and 
music transmission. was deteriorating at 
a rate determined by the expansion of its 
use! 

'I'he inadequacy of Amplitude Modula¬ 
tion for broadcast service had become a 
limiting factor when Major Armstrong 
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first announced the invention of Frequency 
Modulation, not as another modification 
of the wireless telegraphy, but a completely 
new system of telephone communication 
and broadcasting, planned to do what 
could not be done by applying voice mod¬ 
ulation to continuous-wave transmission. 

Purpose of the REL Clinic * I'he purpose of 
the REL Clinic was II to demonstrate to 
broadcast eng neers that FM act ually ac¬ 
complishes its intended purpose of dupli¬ 
cating at the receiver the speech and music 
fed into tin studio microphone, and 4) to 
acquaint them with transmitting equip¬ 
ment designed to accomplish this specific-
result. 

Actually the difference between the 
type of AM receiver now in general use 
and an adequately-designed FM set is 
comparable to the difference between the 
first electric washing machines and the 
sleek automatic washers of today. I)<> you 
remember those machines? A zinc-lined, 
wooden tub, supported on spindly legs, 
carried a motor on one end. and a clatter¬ 
ing chain drive that turned a set of wooden 
paddles. On the side of the tub was a 
maple-framed wringer, equipped with a 
crank and cast-iron gears that turned 
rubber-faced rollers. 

After ¿5 years or so. someone got the 
idea of discard. ng a rig that merely sub-
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stituted an electric motor for human back 
muscles. ami designed a handsome ma¬ 
chine which, at the turn of a switch, auto¬ 
matically performed the functions in-
volvcd in washing ami drying clothes! 

Similarly. EM discards all previous con¬ 
cepts of broadcasting by means of modu¬ 
lated. continuous-wave transmission. 1'lms 
it is not a new variation of an old method, 
but a totally new system from microphone 
output to speaker input devised, to meet 
the functional requirements of broadcast 
ing. The degree of improvement is sm h 
that any doubts in the minds of t hose who 
attended the clinic were dispelled for all 
time before the session ended! 

Proof of Performance ★ The outstanding fea¬ 
ture of the REL clinic was the daily dem¬ 
onstrations of live-talent EM broadcast¬ 
ing. and high-fidelity reception. Eor this 
purpose. Major Armstrong and C. II. 

SETUP FOR SOUND EFFECTS AT W2AG 

Runyon, Jr., set up the same arrangement 
they used in the original demonstrations 1 

in 1935, notably for the November IRE 
Meeting. 'That is. the music and speech 
were originated at Mr. Runyon s home in 
Yonkers, X. Y.. beamed with a 10-watt, 
156-mc. transmitter to Alpine, where the 
signals were detected, fed into the modu¬ 
lator of W1XEA. and rebroadcast on 9¿.l 
me. The receiver was an REL model, 
working into an Altec-Lansing speaker. 
As for the results well, it's no use 

trying to describe them. If there were 
words to use. they would still be iiielfee-
tive because that kind of reception must 
be experienced to be appreciated. Besides, 
it would encourage some people to make 
such remarks as: “That's just the way 
WCBS sounds since 1 rigged up my new 
amplifier." But I'm sure that CBS cnig-

’Sec F.W Handbook, Chapter 1. Background of 
I 'n ■< 11 lency Modula t ion . 

neer II. A. Brown, who attended the REL 
clinic, would be the first to say that 
WCBS or any other AM station couldn't 
sound that way, even on a stud o monitor! 

There’S a Reason * There’s a reason for that 
difference between AM and EM reception 
of live talent, which many still do not 
understand. It is simply that FCC Stand¬ 
ards of flood Engineering Practice for 
EM broadcast installations specify 15,001» 
cycles response, and limit the distortion 
and noise to a point where, for practical 
purposes, they are eliminated entirely. 
I'hus we can say that an EM broadcast 
transmitter, installed ami maintained in 
accordance with FCC standards, puts out 
a perfect signal. 
AM installations could be designed to 

the same performance standards, but 
there would be no purpose because, since 
AM channels are only 10.000 cycles wide. 
AM receivers must be designed to limit 
response above 5.000 cycles, in order to 
prevent adjacent-channel interference. 

In England, for example. AM audio 
quality is even more limited. As IL L. 
Kirke, of the BBC. pointed out recently 2: 
"With AM on medium [broadcast ] waves, 
wide audio-band reception would be pos¬ 
sible were it not for the close spacing (9 
ke.) of adjacent channels, and the conse¬ 
quent interference from distant stations at 
night. 1’he majority of receivers are de¬ 
signed for a bandwidth of 41 2 kc.. or less, 
in order to eliminate this interference." 
Our American AM broadcast system 

cannot be revised to provide wide chan¬ 
nels because the present number of chan¬ 
nels is already inadequate, and the AM 
band cannot be widened. 

Even if that were possible, there would 
be no improvement in the quality of AM 
reception. Static and background noise 
response on AM receivers is increasingly 
objectionable at the higher end of the 
limited audio spectrum now in use. with 
the result that listeners habitually turn 
down their tone controls to reduce that 
interference. 

Accordingly, the first step toward im¬ 
proving audio reproduction is to eliminate 
the noise component of the signals fed 
into the loudspeaker. That, of course, 
is accomplished by FM transmitters 
which meet FCC standards, and by the 
use of correctly designed EM receivers. 

You Can't Fool FM Listeners * W hen watches 
and clocks were first made, people didn't 
complain if their time-pieces gained or 
lost a few minutes a week. As long as there 
was no universal time standard available, 
who could say that his watch was not 
accurate? 
How different it is today, when we have 

Western 1 nion clocks in offices and pub¬ 
lic buildings, chronometers displayed in 
jewelers' windows, electric clocks in our 
homes, and radio time signals from every 
«'BUC Field Trials of FM" by H. L. Kirke. I M 

and Televisión, Nov. and Dee.. 1946. 

broadcast station! Today, we know whether 
watch or clock keeps accurate time or 
not. and there's no room for any différence 
of opinion about it. 
EM has done for broadcasting what 

standard time has done for watchmaking. 
It provides perfect reception as a standard 
of performance. The human ear may be 
an imperfect organ in some respects, but 
the ear and brain are keen to detect any 
departure from normal sounds as for 
example, the difference bet ween voices, 
music, anil activities heard directly, and 
through the medium of an electrical sys¬ 
tem that introduces distortion or inter¬ 
ference. 

Thus, properly designed EM equipment 
affords a true standard of broadcast re¬ 
ception. not at some particular degree of 
distortion, but witli all distortion elimi¬ 
nated. 

For example: On the first day of the 
REL clinic. Major Armstrong, after a 
brief address, announced that there would 
be a demonstration duplicating the origi¬ 
nal Yonkers-to-Alpine setup of 1935. 
Thereupon, he picked up a telephone and 
asked the REL operator to get Mr. Run¬ 
yon at Yonkers, so he could tell him to go 
on the air. 
W bile Major Armstrong was wait ing for 

the call to be put through, we heard a 
telephone ring somewhere outside the lec¬ 
ture room, and the rattle of the instru¬ 
ment as it was picked up. Then a loud 
and cheery voice said : " Hello, Major! Are 
you ready to start the demonstration?" 

Every engineer in the room looked up, 
as if to say: "What's going on here?" 

Actually. Major Armstrong had played 
a trick on us. The relay at Yonkers, the 
broadcast transmitter at Alpine, and the 
receiver at the front of the lecture room 
had been turned on all the time. We didn’t 
know it. though, because there was not the 
slightest background noise in the speaker. 
The telephone at Yonkers was near the 

microphone, and when the bell rang, it 
came through so perfectly by EM that not 
a man in the audience knew he was hearing 
it from a loudspeaker! The setup at Yon¬ 
kers is shown in the accompanying illus¬ 
trations. 

Such distortion-free performance does, 
indeed, afford a standard of broadcast re¬ 
ception quality for all practical, compara¬ 
tive listening purposes. 

Significance of This New Standard ★ There is no 
radio subject about which there is as 
much discussion as tone quality. The only 
aspect of this matter about which com¬ 
plete agreement exists is the original speech 
and music. Xo one finds fault with that. 
Xo one has ever asked the broadcasters to 
modify the output of the microphone with 
filters or expanders in the studio controls. 

But when it comes to reproduction from 
AM receivers, the fight begins! The line 
ot battle starts at arguments over tone 
controls and fancy speaker designs, and 
extends all the way to listening tests and 
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measurements of the tone-deafness char¬ 
acteristics of people’s hearing equipment. 
Why? Because if. at the loudspeaker 

output, anything is added or substraeted 
from the original input tot he microphone, 
the result is distortion. And when self-
styled tone experts talk about one degree 
or kind of distortion as being superior to 
another degree or kind, there c«» be no 
agreement. 

I'hc only reproduction that is univer¬ 
sally acceptable is that in which mo 
distortion is present. Xow. that is a most 
convenient standard, because anyone, 
without having to be an expert, can readily 
detect distortion in one loudspeaker if he 
can compare it with undistorted reproduc¬ 
tion from another speaker! 
FM listeners are coming to understand 

this. Specifically, they are coming to real¬ 
ize. by comparing FM and AM reception, 
that the only function a treble or bass 
tone control can perform is to introduce 
distortion. That is the first stage in the 
development of public demand for dis¬ 
tortionless reception. The next step in 
the progress of critical listening will be 
the demand for distortionless transmission! 

Today, most FM program quality, how¬ 
ever superior it may be to AM. is still very 
poor because so much of it originates from 
inferior phonograph records. Some, from 
live talent or good transcriptions, is not 
bad at all. And there arc a few beautiful 
programs that provide the full audio 
capabilities of FM . 
The difference in programs is plain to 

hear even on small FM receivers. The 
most enjoyable reception of fine programs 
is from sets providing undistorted re¬ 
ception. Thus, broadcasters, receiver man¬ 
ufacturers, and radio listeners are being 
shift ed by FM to a new and basic standard 
of performance. 

Broadcasters’ Problem * The lectures given 
(luring the HELcliuic, each by a specialist 
in his particular subject, added up to the 
conclusion that FM has introduced a new 
factor to the competition between sta¬ 
tions for listeners' attention. This factor 
is the quality of FM transmission, as de¬ 
termined by studio facilities, audio equip¬ 
ment, and transmitter performance, plus 
the skill of the program department and 
operating staff. 
Xo longer will listeners write: “I en¬ 

joyed your program, even though the 
static was bad, and your station was some¬ 
times blanketed by another in Mexico.” 
Instead, they will complain: "What's the 
matter with your transmitter? There was 
a lot of noise during the concert last night, 
the percussion instruments had no depth, 
and the strings were very weak." 
Make no mistake about it: AM broad¬ 

casting made us a nation of radio listeners. 
Xow . FM will make us a nation of critical 
listeners. With FM to give us undistorted 
reception as a standard, we shall become 
increasingly unwilling to accept less than 
perfect transmission and reproduction. 

AT W2AG, C. R. RUNYON, JR. ACTING AS PROGRAM DIRECTOR FOR THE DEMONSTRATIONS 

That was the real lesson the engineers 
attending the clinic took back to their re¬ 
spective stations. Each one. after hearing 
live-talent FM. must have said to himself: 
" People aren't going to listen to AM when 
they can get FM reception like that." 
And those from FM stations must have 
thought: "If some FM broadcaster comes 
on the air with live-talent programs, peo¬ 
ple aren't going to listen to the second-
rate recordings we've been putting out. 
And they were right, too. in both cases. 

As a nation, we aren't satisfied with what 
we have after something better becomes 
available! 

Attendance at the Clinic * The engineers who 
came to the 4-day series of demonstrations 
and lectures present a cross-section of 
broadcasting activity in t he I nited States. 
In addition, engineers from Australia, 
Canada. England, and Liberia came to 

take part. Follow ing is the complete roster: 
Albee, Wilbur (’hief Eng.. WCSC Charles¬ 

ton, S. C. 
Amidon. W. (hief Eng.. WWHG Hornell, 

X. Y 
Armstrong, E. II W¿XMX Alpine. X. J. 
Arnow. B. G. Engineer. I nity Bcstg. Co., 
X Y. 

Avery, .Joyce M. Engineer, WABE Xcw 
York 

Bailey, Ered Chief Eng., WJBC Blooming¬ 
ton, III. 

Barnes, B. B. (’hief Eng.. WAPO (hat-
tanooga, Tenn. 

Barrett, A. E. Rep., British Bcstg. Co. 
Battison, John Engineer, KMBC Kansas 

(’ity, Mo. 
Behr, Joseph Engineer, REL, L. I. ( ity 
Beville, R. ( hief Eng., WWDC Washing¬ 

ton, I). (’. 
Bivins, John E. Agent, High Point. X. C. 
Bose, John Chief Eng.. Armstrong Lab.. 
X Y. 

(CONCLUDED ON PAGE 49) 

NOW BACK FROM THE AAF, C. R. RUNYON 3RD TOOK UP HIS OLD POST AS CONTROL 
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SPOT NEWS NOTES Items and comments, personal and other¬ 
wise, about manufacturing, broadcasting, 
communications, and television activities 

KAKC-FM: First FM station in Tulsa, 
Okla., went on the air February 43rd, 
using 94.9 me. with 450 watts. Authorized 
power is .3 kw. KAKO has 1 kw. on 1,570 
ke. Complete installation, including studio 
facilities, is of Collins design and manu¬ 
facture. Sam E. Avey, president, and 
general manager Glenn Condon have 
launched a vigorous campaign of co¬ 
operation with set manufacturers and local 
dealers to promote the sale of FM 
receivers. 

Slug-Tuned Inductors: Midget types, only 
% in. high, are being produceri by Cam¬ 
bridge Thermionic Corp., Cambridge. 
Mass., for filters, wave-traps, and oscilla¬ 
tors. Designed for single-hole mounting, 
with spring-lock adjustment, they are 
admirably suited for use where space is 
limited. 

IRE Annua! Conference: At (. rand Central 
Palace, Xew York, March 3 6. proved to 
be a success far beyond management 
expectations. Attendance not only ex¬ 
ceeded the 1946 record of 7,000. but 
reached the spectacular figure of 15,000 
this year! Special credit is due leg-man 
Will Copp, who carried the load of 
organizing the most interesting display of 
technical exhibits ever assembled. 

Double TriodOS for UHF: Have been announced 
by Sylvania. Providing single-ended oper¬ 
ation for cascade amplifiers at frequencies 
up to 400 me., they are designed with in¬ 
dependent elements except for the heaters. 
Applications include grounded-grid, cath 
ode follower, and push-pull amplifiers and 
converters in FM and television circuits. 
Type 7F8 uses 6.3 volts. .300 ampere on 
the heater, while the 14F8 uses 14.6 volts 
and .150 ampere, with 450 volts on the 
plates. Lock-in base is RMA type 
8BW Lr-O. 

KWLK FM: At Longview was the first FM 
station to go on the air in Washington. 
Since January 45th it has been operating 
with 450 watts on 104.3 me. from noon 
to 3:00 p.m.. and from 6:00 to 9:00 p.m. 
This is a (i.E. transmitter, operating with 
an antenna designed by Harold Singleton, 
of Portland. Manager is C. (). Chatterton. 

Questions and Answers: if you want to know 
how much you know — and don't — 
about operating a radio station, get a copy 
of the newly-revised "Radio Operating” 
by Arthur R. Xilson and J. L. Hornung. 
This book of 433 pages, written in 
question-and-answer form, is intended 
particularly for those planning to take 
radio license examinations. However, it 
makes interesting reading as a challenge 
to anyone's knowledge of the practical 
aspects of radio equipment and circuits. 

and the Communications Act of 1934. 
Publisher is McGraw-Hill Book Com¬ 
pany, 330 W. 44nd Street. Xew York 18. 
Price is $3.50. 

New York City: Xewly organized manufac¬ 
turer of communications equipment is 
Supreme Transmitter Corporation, 480 
Xinth Avenue. Samuel L. Sack, formerly 
of Temco, is president ami chief engineer, 
ami Leon Adelman, formerly of Cornell-
Dubilier. is vice president and sales 
manager. 

Charles R. Denny: FCC Chairman, address¬ 
ing the radio engineers at the annual 
IRE President s Dinner: "If radio is not 
to impose a ceiling on the expanding 
communications and commerce of the 
world, we must find a way of using 
microwaves between continents. I know 
this suggestion is a big assignment, but 
I doubt if there is a man in this room 
tonight who would venture to say that 
it cannot be done.” 
The high respect in which Chairman 

Denny is held by the industry was ex¬ 
pressed when his speech was greeted by 
applause such as has never been accorded 
any other speaker on similar, previous 
occasions. 

Heavy-Duty Twin Une: Capable of handling 
4 kw. with proper matching and standing¬ 
wave voltage ratio of less than 4 to 1. 
has been brought out by Amphenol. 
Impedance is 74 to 75 ohms. Conductors, 
each of 7 strands of Xo. 41 copper win-, 
are spaced in polyet hylene. 

AC-DC Patent: Ender out-of-court settle¬ 
ment, RCA has been licensed under Cisin 
patent 4.186.456. This ends a decade of 
litigation. License extends to RCA li¬ 
censees. also. 

Television Tower: contract has been let by 
Bamberger Broadcasting Service for the 
erection of a Lehigh tower, 3110 ft. high, 
at 40th and Brandywine Streets, Washing¬ 
ton. 1). C. This will carry the television 
antenna for station WWBR. 

Radio Wages: RCA s annual report shows 
average take-home pay for hourly workers 
in December, 1946 w as $47.41. This was 
up 47.7% over December, 1945 average 
of $37.13, and 87% above January. 1941 
average of $45.35. Average hourly rate 
in December, 1946 was $1.08. exclusive of 
overtime. 

FM Association: Xew telephone number at 
the Washington headquarters is Republic 
8534. 

FM Network: Independent Ohio FM stations 
W FOB Fostoria and WFRO Fremont are 
exchanging live-talent shows. They will 

be joined soon by a new station at Tiffin. 
With the stations separated about 43 
miles, this is the first postwar effort to 
operate an FM net . 

FCC Expenses: congress has been asked by 
the FCC for an appropriation of $7,300,-
0(10 for the 1947 48 fiscal year. This in¬ 
cludes salaries for: Engineering Depart¬ 
ment, 747 employees; Accounting. 163; 
Legal. Ill; Administration. 344. Of the 
1.345 total. 853 are in Washington. 494 
in the field. 

WMIN: First full-time independent FM 
station in St. Paul went on the air 
February 13th. Five studios of suspended, 
sound-insulated type, occupy 6,000 sq. ft. 
in the Hamm Building. Main studio has 
polycylindrical walls, designed for full 
FM program quality. Construction will 
start soon on a 445-ft. tower suitable for 
both FM and AM transmission. Antenna 
output will be stepped up to 140 kw. 
authorized for FM. Owner anil general 
manager is Edward Hoffman, and Frank 
M. Devaney is assistant general manager. 

Exonerated: Blame for interference be¬ 
tween FM broadcasting and instrument 
landing equipment on planes coming in at 
La Guardia field has been fixed on the use 
of surplus Army receivers, not intended 
for civilian service. This has been con¬ 
firmed by ( Gordon ( (Reilly of Aeronautical 
Radio. Wall Street Journal built up the 
incident in a silly and unfounded story 
about Government consideration of reas¬ 
signing FM frequencies. Fact is that if 
fields and airlines discarded all their 
inadequate and obsolete radio equipment, 
they wouldn't have much left. 

Fast Start: WEAW. first FM station ill 
Evanston. III., went on the air last month 
with 45 sponsors signed up. Xews and 
speech departments of Xort hw estern 
I diversity will help furnish program 
material and talent. Owner is ex-Marine 
Edward Wheeler. Harry L. Hale. Jr. is 
Chief Engineer. 

Antennas: TBA has gone to bat on the 
apartment house television problem. 
Landlords in Xew York refuse to permit 
erection of individual antennas, thus 
eliminating a considerable market for sets 
among well-to-do prospects. Solution calls 
for an adequate multiple-outlet system. 

Sir Noel Ashbridge: Deputy Din-ctor of BBC: 
"I believe that FM will be of greater 
importance in our country (England) 
than it is in the I nited States because 
our present wavelengths have to be shared 
between a great number of countries.” 
According to Sir Xoel. a 45-kw. station 
is under construction in London, and 40 
more w ill be erected to cover all Britain. 
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NEWS PICTURE 
OX the hour, even’ hour, daytime AM station W.IMR, Xe» Orleans, puts 
on a 1-minute plug for its sister-station 
WRCM. Then. during the last 15 minutes 
before sundown, W.IMR carries a dis¬ 
cussion of PM <|iiest ions of special interest 

to radio listeners, concluding with the 
suggestion that sets be switched over for 
the evening programs transmitted from 
WRCM on 95.3 me. 

I'his PM installation is the first in 
the Xew Orleans area. It is atop the 
.lung Hotel, as the accompanying photo¬ 
graph shows, on Canal Street in the heart 
of the city’s business section 

The á(iO-ft. tower. KM» ft. above ground 
at the top. is used as an AM radiator. 
Ilie upper section is a Wincharger mast, 
carrying a 3-bay REI, antenna for PM. 

Although WRCM is still on interim 
power, excellent coverage is being ob¬ 
tained. Later, a more powerful REL 
Iransmitter and a permanent radiator w ill 
provide PM service over a st ill larger area. 
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48-CH ANNEE FM PHONE TRANSMITTER 
Equipment Used between Philips Factories in Eindhoven and Tilburg, Holland, tor an 

Automatic Telephone System 
BY A. vanWEEL* 

AN EXPERIMENTAL radiotelephone link between the Philips factories in 
Eindhoven and those at I'ilburg 1 has 
existed for several years. This has been 
working lately on a wavelength of 90.5 
cm. for one direction and 99 cm. for the 
other. The link is so arranged that the 
radio installation can function as an en¬ 
tirely automatically acting link in the 
telephone network. Neither the person 
phoning nor the operators of the telephone 
exchange through which the connection 
passes need to be aware of the fact that 
the calls arc transmitted by wireless in 
stead of by cable. 

Since the installation was first set up 
there have been important developments 
both in the field of telephony and in 
shortwave transmitting technique. In 
telephony there is an increasing tendency 
to use a single pair of conductors in a 
cable for the transmission of a large 
number of calls at t he same time by means 
of a carrier telephone system.2 The fre¬ 
quency band of about 3,090 cycles width 
necessary for transmitting a call is modu¬ 
lated on specific carrier, the carriers or 
channels for the different calls lying 4.000 
cycles apart. Only one side band is used, 
for instance at 3¿ ke., 30 ke., 40 ke., etc. 
It was found desirable to have the radio¬ 
telephone link referred to above equipped 
for such a carrier telephone system, 
namely for 48 channels, in connection 
with the available carrier telephone ap¬ 
paratus. The 48 channels, which cover the 
frequency region from 1¿ ke. to ¿04 ke., 
have to be modulated as a whole on the 
radio wave, which in this case serves as a 
pair of conductor« in the link. The trans¬ 
mitter and receiver had therefore to be 
made suitable for this very wide range of 
modulation frequencies, up to ¿00 ke. 

At that time, there was an important 
development in the field of ultra-short 
waves. < 10 m. viz the gradual superseding 
of the old method of Amplitude Modula¬ 
tion by Frequency Modulation. The ad¬ 
vantages of this method led us also to 
rebuild our ultra-shortwave link for the 
new method. 

All these facts led to a complete re-

♦ Research Laboratory, N. \. Philips’ Glocilain-
penfabricken, Eindhoven, Holland. 
1 C. G. von Lindern and G. de Vries: An ultra short¬ 

wave telephone link between Eindhoven and Tilburg, 
Philips Technical Review 2, 171, 1937. 
2 See, for example, the articles published about car¬ 

rier telephony: Philips Technical Review 4, 20, 1939; 
G, 325, 1911; 7, 83, 104, 184, 1942. 

A TRANSMITTER working with Frequency 
Modulation has been developed for 

an experimental ultra-shortwave radiotele¬ 
phone link between the Philips factories at 
Eindhoven and those at Tilburg, Holland, on 
a wavelength of 90.5 cm. for one direction 
and 99 cm. for the other. Modulation with 
frequencies from 12 kc. to 204 kc., for 48 
telephone calls at once, takes place on a 
carrier wave with a frequency equal to 1 9 
of the desired transmitter frequency, with 
a maximum frequency swing of 67 kc. 

This article points out the advantage of 
this method, and describes how the frequen¬ 
cies have been chosen and the transmitting 
stages arranged. A brief description is also 
given of the construction of the transmitter, 
attention being drawn in particular to the 
distribution of the circuiting over two sep¬ 
arate panels and the simplification of the 
wiring, both of which have been made pos¬ 
sible by the application of a new method of 
coupling between successive stages, further 
explained in this article. 

construction of the transmitter and re¬ 
ceiver of this experimental communica¬ 
tion not only as regards electrical connec¬ 
tions but also in the actual construction. 
Of the old installation only the Yagi 
directional aerials for transmitter ami 
receiver could be retained unaltered. 

Method of Modulation * The advantages of 
Frequency Modulation over amplitude 
modulation are twofold: 1) In Amplitude 
Modulation of ultra-short waves it is 
almost inevitable that an undesired fre¬ 
quency modulation also occurs; the dif¬ 
ficulties created by such a mixed modula¬ 
tion are avoided by employing pure Fre¬ 
quency Modulation. ¿) Frequency Modu¬ 
lation. compared with Amplitude Modula¬ 
tion, gives an appreciable improvement 
in the ratio between the intensity of the 
signal ami that of the fluctuation noise. 

In order to make full use of the second 
advantage, i.e., in order to reduce noise 
to the lowest possible level, it is necessary 
that the maximum frequency swing, or 
the largest deviation occurring from the 
average frequency, should be about 10 
times as large as the highest modulation 
frequency to be transmitted, in our ease, 
this was not less than 0.¿ me., so that the 
maximum frequency swing had to amount 
to ¿ me. Since, for the undistorted trans¬ 
mission of a frequency-modulated oscilla¬ 
tion, a side band of at least 1J > times the 
frequency swing on both sides of the 
cairier frequency has to be transmitted. 

the transmitter and receiver would have 
to lie adapted lor a frequency band with 
a total width of (i me. Because of the 
difficulties that would have been involved 
in getting such a great band width, we 
confined ourselves to a frequency swing 
of the emitted signal to about three times 
the highest modulation frequency. In this 
way one arrives at a band width of ¿ me., 
which is well possible in practice, while 
the ratio between intensity of the signal 
and that of the noise is still 14 db greater 
than it would be with Amplitude Modn 
lation. 
With frequency-modulated trans¬ 

mitters, it is customary to apply the actual 
modulation process to oscillator connec¬ 
tions which oscillate at a low frequency. 
By frequency multiplication, where the 
average oscillator frequency and the fre¬ 
quency swing are increased in Ilie same 
proportions, the desired transmitting fre¬ 
quency is then obtained. This method, 
which we also employed, has the advan¬ 
tage that it is easier to obtain the required 
proportionality between frequency swing 
and intensity of the modulated signal. 
This can lie explained as follow-: 

Modulation is effected by detuning the 
oscillator circuit with the help of a so-
called reactance valve. This is a norma) 
multigrid valve, between the cathode and 
anode of which the circuit to be detuned 
is connected, while part of the circuit 
voltage is applied to one of the grids 
with 90 in phase displacement. The At' 
anode current is then shifted 90e in phase 
with respect to the AC anode voltage. In 
other words, the valve acts as a reactance, 
cither capacitativo or inductive, according 
as grid AC voltage is shifted T 90 or 
— 90 in phase. 
To take a specific case, let us assume 

that the tube acts as a capacity. Ci. I'he 
reactance 1 wCi is equal to the ratio ol 
the amplitudes of the AC anode voltage 
and AC anode current, while the fre¬ 
quency w at which the circuit connected 
oscillates is determined by C, together 
with the remaining circuit capacity C 
Ci is now varied by applying the modu¬ 
lating signal voltage to a second grid of 
the valve, whereby the slope, and with it 
the amplitude of the AC anode current, 
is changed in the rhythm of that voltage. 
T he detuning. Aw of the circuit obtained 
with respect to the frequency wo, with 
< a = 0, is given by 
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We will now consider the influence of 
the oscillator frequency to be chosen, wo. 

In connection with the linearity of the 
modulation, only a certain change in 
slope of the reactance valve is permis¬ 
sible. namely such that there is no devia¬ 
tion from that section of the valve char¬ 
acteristic where the slope is by sufficient 
approximation proportional to the grid 
voltage. Corresponding to the permissible 
maximum slope, which depends only on 
I he properties of t he valve and not on the 
oscillator frequency ««. is a certain maxi¬ 
mum AC anode current. Thus, because 
the AC anode voltage is fixed, there is a 
certain maximum value of the reactance 
I w.C,. likewise independent of w0. The 
maximum detuning to be obtained Aw. 
which according to the formula is pro¬ 
portional to the greatest value of woCi. 
is therefore independent of the frequency 
w„. because Co can be considered as a 
constant also. In order to make the detun¬ 
ing by the reactance valve as great as 
possible. C will be k<-pt as small as pos¬ 
sible. and thus will be limited to the un¬ 
avoidable capacities of valve and wiring. 
The choice of is then realized with the 
self-induction of the circuit. 

Since, therefore, the same absolute Ire 
qucncy sweep can be obtained with a low 
oscillator frequency as with a high one. 
if in the manner described one begins 
with a low oscillator frequency and a 
correspondingly small frequency sweep, 
it will actually be easier to ensure the 
necessary linearity of the modulation. 
We shall revert later to the exact choice 
of oscillator frequency. 

The Connections * The connections are in 
push-pull arrangement for various rea 
sons: variations in the feeding voltage arc 
much less manifest as undesired modula¬ 
tion. since they act on the two halves of 
the modulator in the same phase instead 
of in counterphase. Furthermore, one 
avoids the strong liigh-frequency cm rents 
which otherwise flow in the earth connec¬ 
tions and also through the chassis, causing 
all kinds of undesired couplings, since all 
points to be earthed cannot be connect eil 
to the same point on the chassis. Finally. 

by using push-pull amplifier valves, sev¬ 
eral difficulties occurring at very high 
voltages are diminished, because, among 
other reasons. Ilie influence of the self¬ 
induction of the cathode feeding connec¬ 

tions is much smaller. In Fig. I a block 
diagram is given of the transmitter con¬ 
nections. We shall first consider only that 
part drawn in the upper row. The low-

FIG.2. X-RA Y VI EWS OF QQE 06 40 TUBE 

frequency signal from the telephone ex¬ 
change (the term loir frequeue// ¡s here 
used in a relative sense, the frequencies 
of this signal being as high as about 
¿00 kc.) is led to two reactance valves 
which influence the frequency of the push-

pull oscillator, l he signal obtained from 
the oscillator, i.e. the frequency-modu¬ 
lated oscillator voltage, is led to a push-
pull valve, connected as a frequency tripli-
cator. Then the signal is amplified and 
conducted to another frequency tripli-

cator. The signal here reaches its final 
frequency, after which it is further ampli¬ 
fied in two end stagesand sent to the aerial. 

Choice of Oscillator Frequency * The reason for 
the multiplication of the frequency in 
stages by a factor of 3 lies in the nature 
of the connections. In push-pull connec¬ 
tions, the output voltage can contain, in 
principle, only the odd harmonics of the 
frequency of the grid AC voltage applied 
so that, by filtering out the harmonics in 
question, a frequency multiplication by 
a factor 3, 5 or 7. etc. can be obtained. 
For the sake of efficient output, the lowest 
factor has been chosen. Since the trans¬ 
mitting frequency, if we confine ourselves 
for the moment to one single call direc¬ 
tion. was fixed at 33'2.1 me. (90.5 cm. 
wavelength), the possible choices of os¬ 
cillator frequency were 33'2.1. 110.7, 36.9. 
1'2.3, 4.1 me., etc. We have explained 
above that the oscillator frequency must 
be chosen as low as possible. From the 
frequency values indicated in Fig. 1 in 
the different stages, it can be seen that 
the choice fell upon 36.9 me. This still 
seems relatively high, but it must be 
taken into account that the receiver for 
the same connection is situated close to 
the transmitter. The receiver works on 
the superheterodyne principle with an 
intermediate frequency of 18 me. In order 
to prevent interference in the reception, 
it is necessary that neither the oscillator 
frequency of the transmitter nor any 
harmonics of it shall fall in the inter¬ 
mediate-frequency band of the receiver, 
which band, according to Hie above figures, 
must extend from 17 to 19 me. An oscil¬ 
lator frequency of 1'2.3 or 4.1 me. would, 
it is true, also answer this condition, but 
the transmitting apparatus in question 
hail to be so designed that later on. if 
necessary, the connections built up with 
the same stages could also be used for 
telephone links on other wavelengths be¬ 
tween about 1.5 and 0.9 meter simply by 
changing the oscillator frequency slightly. 
In order to avoid once for all the danger 

of interference in the receiver, it was 
therefore decided to fix the oscillator 
frequency above the intermediate fre¬ 
quency band of the receiver. 

It is perhaps advisable to stress the 
point that, for a favorable ratio between 

FIG. 1. DIAGRAM OF TH E TRANSM ITTER, CIRCUIT FREQUENCY IS SHOWN IN EACH BLOCK 

FIG. 3. DIAGRAM OF CIRCUIT TO KEEP TH E AVERAGE OSCI LLATOR FREQUENCY CONSTANT 
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signal and noise, the frequency sweep 
must be several times as large as the 
highest modulation frequency occurring, 
but this is only applicable for the signal 
emitted by the aerial. In our case, as a 
consequence of the frequency multipli¬ 
cation. the maximum frequency swing in 

This, however, is impossible, because if 
that were done, very high AC voltages, 
oí the order of 500 volts, would have to be 
applied to the grid of the last valve. In 
order to function asa frequency multiplier, 
the valve must work in class (', with very 
high negative grill bias. Il has been found 

FIG. 4. THE USUAL AND TH E NEW M ETHODS OF COUPLI NG TWO AM PLI Fl ER TU BES B! AND B 

the oscillator stage amounts to only bj of 
the final value. If a modulating signal 
with the frequency of 200 kc. and with 
the largest permissible amplitude is ap-
plied to the oscillator, the oscillator 
delivers an oscillation with a frequency 
fluctuating 200,000 times per second be¬ 
tween 36.833 and 36.067 me. In the case 
of the frequency multiplication here em¬ 
ployed, the rhythm of the fluctuation, 
i.e., the modulation frequency, naturally 
remains unaltered. The following stage 
delivers an oscillation with a frequency 
fluctuating 200,000 times per second be¬ 
tween 110.5 ami 110.!) me., etc. 

The Valves Used * I’he valves used are indi¬ 
cated over the blocks in the diagram of 

in practice that with the very small dis¬ 
tance between grid and cathode in these 
shortwave tubes, the high voltages men¬ 
tioned lead to disturbances, breakdown 
may occur, or the insulation between 
grid and cathode may be damaged, espe¬ 
cially at very high frequencies. 

a harmonic of the crystal could not be 
employed in our case, since the oscillator 
vibration is already frequency-modulated 
upon its formation and, consequently, 
when keeping the oscillator frequency 
constant a certain margin has to be left 
for the frequency swing. For that reason 
the following method was chosen: 
A small part of the output voltage of 

the oscillator stage, or which the average 
frequency fo must amount nominally to 
36.9 me., is tapped off and in a mixing 
valve is mixed with an AC voltage of the 
very constant frequency of .34.!) me. from 
a vibrating crystal. The output voltage of 
this mixing stage has an average freipiency 
fi = fo — 34.!) me. If fo is exactly 36.!) 
me., fi = 2 me. If f0 differs slightly 
from 36.9 me., fi exhibits the same ab¬ 
solute différence from 2 me. Furthermore, 
the intermediate frequency fi is. of course, 
frequency-modulated with the telephone 
frequencies in the same way as the high 
freipiency fo applied. 

This output voltage of the mixing stage 
is now amplified to a discriminator con¬ 
nection. This produces a DC voltage 

FIG. 5. MORE DETAILED DIAGRAMS SHOWING THE TWO TYPES OF AMPLIFIER COUPLINGS Fig. 1. Except for those in the three last 
stages, they are all normal receiving valves 
with only a low energy dissipation so that 
a compact assembly is possible. The last 
stages must, of course, have transmitting 
valves in order to produce the power 
required for transmission. 

Nevertheless, the energy amplification 
in the last two stages is only slight, as may 

be seen from the wattage figures given in 
Fig. 1. This is due to the high frequency 
at which these amplifier stages have to 
function. It would seem obvious to ask 
why the once-amplified signal of 110.7 me. 
is not first amplified further to the desired 
final level ami then given the necessary 
frequency amplification in the last stage. 

Fig. 2 is a reproduction of two X-ray 
photographs of the type of short-wave 
transmitting valve used, the QQE 06 40. 
It is a double tetrode in which the two 
balanced systems have a common screen 
grid. The power on 3 meters is 40 
watts; at I meter about 30 watts. 

Maintaining Constant Oscillator Frequency ★ The 
part of the diagram in Fig. 1 which is 
in the lower blocks serves to keep the 
average oscillator freipiency constant; it 
is given again separately in Fig. 3. 
The usual method of synchronizing the 

oscillator vibration directly with the char¬ 
acteristic oscillation of a quartz crystal or 

proportional to the difference between 
the average frequency fi of the applied 
voltage and the fixed frequency fa = 2 
me. at which the discriminator is set. An 
AC voltage is superposed on the DC 
voltage, namely the original modulation 
voltage which, however, is suppressed by 
a low-pass filter. The DC voltage is now 
applied to the grid of a pentode. The 
anode current of this valve, which is thus 
proportional to the absolute deviation of 
the average oscillator frequency from the 
prescribed value of 36.9 me., flows through 
a coil wound around a core of ferro¬ 
magnetic material 3 magnetically coupled 
with the self-induction coil of the oscilla¬ 
tor circuit. Owing to the fact that the 
anode current changes the premagnetiza¬ 
tion and thus the permeability of the 
coil core it affects the self-induction of the 
oscillator coil in the sense that the change 
in the average oscillator frequency, to 
which the anode current is proportional, 
is opposed. In this way it proved possible 
to reduce the drift by a factor 30. 
The fixed freipiency fa at which the 

discriminator is set is, of course, not 
actually fixed either, but subject to some 

(CONTINUED ON PAGE 54) 

3 It is necessary to use a ferromagnetic material the 
losses of which are sufficiently small, even at high fre¬ 
quencies. 
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FIG. 1. BASIC DESIGN PROPOSED FOR LOW-COST. HIGH-QUALITY FM RECEIVERS 

HIGH-FIDELITY FM DESIGNS AT 
MASS-MARKET PRICES 

Shifting Design Emphasis from Furniture to Performance 
Will Benefit Manufacturers, Dealers, and Consumers 

BY WALTER BUEHR * 

AS AN artist who designs furniture ami interiors of homes ami offices, I am 
drawn repeatedly into discussions of radio 
cabinets and the failure of the manufac¬ 
turers to make them either beautiful in 
appearance, 01 functional in form. 

Invariably, after I have held forth on 
the anomalies of what I hear called “radio 
furniture”, and how I think radio sets 
should be designed, someone asks me what 
kind of a radio set I have. Well, I have 
done what is the easiest thing for me, yet 
the most unsatisfactory from the point of 
view of good radio reception: I use a very 
small table model, so inconspicuous that 
its appearance is of no consequence. Xot, 
however from choice, but because I can’t 
buy what I want in any store, and because, 
like the shoemaker, I don’t do for myself 
the things I do for others! 

* 137 E. 35th Stre<t, New York, N. Y. 

I’m sure that thousands and thousands 
of other people are getting along with 
poor reception not because they aren't 
willing to pay the price for what they’«! 
like to have, but because they don't want 
conventional borax cabinets, and because 
they don’t want to spend $750 or more for 
an expensive cabinet to camoullage a rela¬ 
tively inexpensive piece of radio equip¬ 
ment. Besides, until FM came along, there 
was no real justification in improved per¬ 
formance for spending more than the cost 
of a cheap table set. 
The foregoing statement covers a lot of 

territory, so let’s break it down: 

Fundamental Considerations ★ Call a radio set 
a machine or a musical instrument, as you 
please, in neither case is it a piece of furni¬ 
ture, any more than a violin, kettledrum, 
or clarinet can be considered furniture. 

Those instruments can no more be dis¬ 
guised as furniture than a vacuum cleaner, 
a washing machine, or an ice box. 
We could try. of course, but at a loss of 

efficient and satisfactory operation, and 
at considerable extra cost. But the end 
result would not be pleasing or in good 
taste, and every one would be unhappy 
about the whole affair. 

Act that's exactly what set manufac¬ 
turers have tried to do ever since the ad¬ 
vent of the loudspeaker made radio a 
source of family enjoyment. That's why. 
as American taste in home furnishings and 
decoration has improved, and it has im¬ 
proved greatly in the past 25 years, radio 
cabinet design has come to be considered 
more and more an anomaly. This, by 
definition, is something irregular or ab¬ 
normal. and out of keeping with accepted 
notions of fitness or order, which is a 
pretty good explanation of what 1 
mean. 

Why People Don’t Listen ★ L<■t's look at an¬ 
other angle. Mrs. Smith goes out to buy a 
radio set. If she took her husband or son 
along, she might be called upon to give 
some consideration to the fundamental 
purpose of radio reception, which is to 
provide entertainment. But when she 
walks into the radio store, she is only 
thinking, “I wonder if they'll have any¬ 
thing that will be suitable for the north 
living-room wall,” or. ‘‘I'll have to find a 
mahogany cabinet that will fit on the 
table by the windows.” At the same time. 
Mrs. Jones may be out looking for one of 
those perfectly darling little tiny sets she 
saw advert iseil in a four-color picture of a 
glamorous model, holding one up and say¬ 
ing, in large type: ‘‘Cathedral tone from 
an 18-ounce radio!” 
The net result is that Mrs. Smith gets 

something that she probably doesn’t like, 
although it’s the best she can find, ami 
Mrs. Jones gets a set that can be mailed 
first-class for 54 cents. But neither one 
has a radio that will give them the lull 
measure of enjoyment that broadcasting 
can provide. So, after the novelty has 
worn off Mrs. Smith’s acquisition, it will 
stand mostly silent, except for news peri-
ods or presidential speeches and possibly 
Fibber McGee and Molly. As for Mrs 
Jones’s darling little radio, when the bat¬ 
teries run down it will be put away on a 
shelf ami soon forgotten. 

Multiply this by any figure you choose, 
and you can make your own guess as 
to the number of program-hours per lis¬ 
tener that are being lost today to the 
AM stations. 

FM Calls for a Change ★ Because this situation 
has developed over a period of years, it 
can very easily be carried over into the 
coming era of FAI broadcasting. If it does, 
most of the advantages of FM will be lost, 
for FM is not some totally new service, 
but a tremendous improvement in an old 
one. 
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FIG. 2. APPLICATIONS OF THE BASIC DESIGN A CHASSIS 
SUCH AS IS USED IN PRESENT $1,000 CONSOLES CAN BE 
ENCLOSED IN A SIMPLE. METAL CASE. SMALL ENOUGH TO 
HIDE IT AWAY ON A BOOK SHELF. THE SPACE REQUIRED 
IS NO MORE THAN IS OCCUPIED BY A CHEAP AM MODEL 

RIGHT) A PLAIN, INEXPENSIVE CABINET. WITH 
OR WITHOUT DOORS, FITTED WITH A FINE 
LOUD-SPEAKER, WILL GIVE THE SAME TONE 
QUALITY AS IS PROVIDED BY ONE OF THOSE 
ULTRA-ULTRA FU R N I T U R E- PI EC E MODELS 
WHICH FEW CAN AFFORD AND FEWER CAN 

ACCOMMODATE IN THEIR HOMES 

put . 
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BELOW) HERE IS THE IDEAL KIND OF INSTALLATION FOR THOSE 
WHOTAKETHEIR RECORDS SERIOUSLY. THE RECORD-PLAYER IN 
THE CLOSET CAN BE CONNECTED WITH THE SET AND SPEAKER 
ABOVE. OR ON THE OPPOSITE PAGE. PERFORMANCE WILL BE TOPS 

better anil larger speakers, ami hous-
for such speakers that will be ade-

LEFT) THIS ARRANGEMENT 
USES A BOOK CASE FOR 
THE RADIO SET AND AUTO¬ 
MATIC RECORD-CHANGER 
ADJACENT SHELVES PRO¬ 
VIDE A HANDY PLACE TO 
STORE RECORDS AND AL¬ 
BUMS. NO GREATER CON¬ 
VENIENCE CAN BE PRO¬ 
VIDED BY MOUNTING 

THESE UNITS IN A PIECE 
FURNITURE COSTING 

$500 EXTRA 

tively large ami well-constructed cabinet. 
There s where the rub comes: in the cabi¬ 
net work. It's a two-way rub. for suitable 
lumber is exceedingly scarce right now. 
and gooil cabinets, like any furniture 
pieces, are very expensive. That is con¬ 
firmed by the scarcity and the high prices 
of good FM sets today. 
Xo wonder, then, that manufacturers 

are worried over making the choice be¬ 
tween building cheap FM sets that will be 

quate acoustically . 
Thus. added to the increased cost of the 

to reorient their thinking about cabinets. 
However, this time of fundamental, tech¬ 
nical change is opportune for considering 
other revisions, too. 
The great, and immediate manufactur¬ 

ing problem is to increase net profit. Obvi¬ 
ously, this cannot be done by making sets 
cheaper since, quantitatively, the con¬ 
sumption of sets has already reached its 
peak. It can only be accomplished quali¬ 
tatively. by increasing the unit of sale. 

Radio circuits that give genuine FM 
performance call for more, and more cx-
pensive components, increased power out-



strike the correct balance 

the woods that thev don’t see the tree no better than AM models, or building 

prices as to limit the market. 
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EXTRA 
ALTER 

FURTHER 
ACHIEVED 

FIG. 3. EXISTING FURNISHINGS IN THE FINEST HOME NEED 
NOT BE DISTURBED BY THE ADDITION OF HIGH-QUALITY FM 
RECEPTION LEFT) BY TAKING OUT THE GLASS FROM THE 
DOORS OF A DESK OR CABINET AND SUBSTITUTING GRILLE 
CLOTH. A SPEAKER'AND BAFFLE CAN BE CONCEALED EASILY 

Let’s Junk the Furniture * From where 1 sit, 
it seems that the logical out in this situa¬ 
tion is to eliminate that radio furniture! I 
may be wrong. I'm a designer and an 
artist, so perhaps 1 shouldn’t presume to 
oiler an opinion to manufacturers. On the 
other hand, I've often thought that the 
men who run the industry are so close to 

RIGHT) HERE IS ANOTHER EXAMPLE OF WHAT CAN BE 
DONE TO HIDE A LOUDSPEAKER, WITHOUT INTRODUC¬ 
ING SOME NEW AND UNSUITABLE PIECE OF RADIO FUR¬ 

LEFT) RADIO ENGINEERS WILL SURPRISE THEM¬ 
SELVES WHEN THEY UNDERTAKE TO DESIGN CHAS¬ 
SIS THAT CAN BE FITTED INTO INCONSPICUOUS. 
PLAIN METAL CASES OF PURELY FUNCTIONAL AP¬ 
PEARANCE. IF THE POWER SUPPLY AND AMPLIFIER 

NITURE. PEOPLE OF MEANS ARE GLAD TO PAY 
FOR SUCH INSTALLATION WORK, RATHER THAN 

EXISTING DECORATIONS 

ARE PUT IN THE SPEAKER CABINET, 
ECONOMY OF CUBIC CONTENTS CAN BE 

READILY 

and it has been my observation, as an 
outsider looking in, that many of the best 
minds are too busy watching competitors 
to take time out for independent, con¬ 
structive thinking. 
At the same time, my suggestion cannot 

be altogether unsound. Consider, for a 
moment, the automobile industry. Surely, 
you’ll agree that some smart thinking is 
done by this group to coordinate factors 
of style, service, and performance at price 
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between unit price anil maximum annual 
dollar volume. 

In the beginning, you'll recall they took 
the shafts off conventional horsedrawn 
buggies, strengthened the springs so that 
they could tack on an engine, and added a 
steering bar. They called the result a 
"horseless carriage." Can you imagine 

street without benefit of a horse? I herc 
was an anomaly indeed! 

If it seemed reasonable to continue the 
practice of styling automobiles after car¬ 
riages. it was only because most of the 
early producers were originally carriage 
makers. They thought in terms of carriage 
designs and materials, and their factories 
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were equipped accordingly. Remember 
when wheels were laboriously and ex¬ 
pensively fabricated of wood? And all 
the arguments against the use of steel 
stampings? 
To see how the thinking of the automo-

AM sets, and it will be low enough to 
permit the development of a mass market. 

Let's examine some of the advantages of 
this type of set design, and it's effect on 
the public, the dealers, and the manu¬ 
facturers: 

FIG. 5. A VERY SIMPLE AND ATTRACTIVE CABINET FOR THE NEW 60- TO 15,000-CYCLE 
WESTERN ELECTRIC SPEAKER 

bile industry has changed, next time you 
are out in the country, if you see a buggy 
hitched in front of the village feed store, 
stop your car. get out. and compare the 
two vehicles, side by side. Well, if cars can 
change that much, why not radios? 

There’s Much to Gain ★ There's no more rea¬ 
son for putting a radio chassis in a modi¬ 
fication of a furniture piece than for fas¬ 
tening a motor under a carriage dis¬ 
mantled to the extent of removing the 
horse, shafts, anil harness. 
A radio receiver is essentially a chassis 

anil a loudspeaker mounted in an acoustic 
chamber. Why not stop t here? The chassis 
needs protection against dust and prying 
fingers. Fine! Put it in an inconspicuously-
finished metal box. You have a small, 
functional unit that you can put on a 
table, or bookshelf, or anywhere else that's 
convenient. The box needn't be any larger 
than a cheap AM set. yet it can contain 
all the circuits for AM and genuine FM 
reception. 
The set must have a good speaker. All 

right, put the speaker in a plain wood 
case of sturdy construction. The ease 
requires no factory finish. The purchaser 
will want to stain or paint it according 
to his tastes. 
To keep the radio chassis small in size, 

the power amplifier and perhaps the power 
supply should be located in the case with 
the speaker. The appearance will be some¬ 
thing like Fig. I. 
Add a small cable from the chassis to 

the speaker, and you'll have a radio cap¬ 
able of giving such performance on FM 
as to make any AM table model sound as 
if it's got the pip, by comparison. 
How much? The différence in price will 

be no more than is obviously justified by 
the improvement in performance over 

1 Price Reduction ★ The first result will be 
much greater real value to the purchaser. 
Since most radio cabinets arc bought from 
cabinet plants, by the time the radio 
manufacturer adds his profit, and the 
trade discount, a cabinet originally sold 
at $50 costs the consumer $150 to $¿00. 
And that would be one of the less expen¬ 
sive designs. Added to that is the cost of 
storing, uncrating, and handling the cabi¬ 
net. mounting the chassis ami speaker in 
it, retesting, repairing, refinishing. ami 
repacking, plus the cost of an expensive 
shook, plus extra shipping cost because of 
the added weight of the cabinet. 

rims, a conventional FM-AM mode! 
of high-quality performance that now re¬ 
tails for $650 could be reduced to at least 
$350 by eliminating the cabinet and put¬ 
ting up in such form as indicated in Fig. 1. 
The chassis can be tucked away in a 

bookshelf by itself, or in combination 
with a record player. In the latter case, 
the shelves would accommodate record 
albums. 

This provides the maximum of con¬ 
venience. service, and radio performance, 
eliminates all the problems of cabinet de¬ 
sign in the house, involves no extra in¬ 
stallation expense, and costs ¿5 to 50% 
less than an awkward piece of radio furni¬ 
ture. w Inch is not furniture at all. that will 
give the same quality of entertainment. 

Fig. 3 carries the idea a little farther for 
those who want fine radio performance, 
but are unwilling to have the loudspeaker 
in evidence. 
The radio chassis must, of course, be 

located where it is convenient to operate 
it, but if the lines are kept clean and func¬ 
tional. it will not be out of place in any 
scheme of decoration. 

People who take their records seriously 
will welcome the suggestion that the auto¬ 

matic record changer be put away in a 
closet where record books can be kept 
conveniently at hand. This puts the 
machinery out of sight, where the sounds 
of « hanging records cannot be heard, and 
removes any sense of mechanics from the 
realism of the music. 

Either of the speaker mountings shown 
in Figs. 1 and d could be used, or the 
speaker could be set into a conventional 
furniture piece. Two examples are sug¬ 
gested in Fig. 3. In the ease of the desk, 
it would be necessary, of course, to replace 
the glass with grilled (doth. In cither ease, 
great care would be required to reinforce 
the interior to provide an adequate baffle, 
and to prevent rattles. 

Fig. 4 oilers suggestions for those par¬ 
ticular people who are unwilling to have 
the speaker in evidence at all. or to use 
their furniture pieces as a disguise. 

Easiest to install is the arrangement 
over a corner cabinet. If it is beyond 
the skill and experience of the dealer, 
a local cabinet maker or carpenter 
can be called upon for assistance. The 
wooden frame, grille ( loth, and speaker 
baffle must be assembled as a unit, and 
then secured to a mounting fastened per¬ 
manently to the wall. Then the speaker 
can be removed if service is required. 

Similarly a set sidling at $149.50 could 
be reduced to $99.50. And that $99.50 

(CONTINUED ON PAGE 52) 

FIG. 6. FRANK GUNTHER WITH REL'S 
FM RECEIVER AND ALTEC SPEAKER 
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A MILESTONE IN RAILROAD RADIO! 

"Modern railroad transportation systems cannot 
function to their maximum efficiencies without 
the use of modern communications networks. 
I hat is why the Santa Ie System maintains com¬ 
plete telephone ami teletype, as well as telegraph 
sxstems along its entire thirteen-thousand-milc 
righl-of wav. It is also the reason for Santa I e's 
immediate and careful exploration of all new 
communications techniques, such as railroad ra¬ 
dio. and accounts for the 

“RAILROADS . . . 

LIKE A GIANT CONVEYOR BELT” 

"The war has emphasized the importance of 
American railroads. Like a giant conveyor belt, 
they link up the industrial, agricultural and 
mining areas of this country with the many 
thousands oí markets that dot our land. With 
reconversion a fact, far-sighted railroad manage¬ 
ment is carefully exploring many technical war 
developments, and, in particular, radio, with the 
expectation that radio will 
help keep American rail¬ 
roads the safe, efficient and 
modern network of trans¬ 
portation which has so abb 
served the Nation during 
the war." 

"THIS PIONEERING EFFORT...” 

I lie ( hicago and North Western Railroad, always 
interested in technological developments which 
promise improvement in (he efficiency and safety of 
i.iilwav operations, participated in the first regular 
use of very high frequency railway radio. This 
installation went into operation in our Proviso 
^ards in September, 1940, and continued for over 
a sear thereafter. 
"We arc happy that the technical and operating 

information secured from the pioneering effort 
was subsequently useful to the Army Ordnance 
Department and to the operators of the large Army 
Ordnance Plants in making their decision to use 
railroad radio in connection with the war effort. 
"The case histories provided by the use of radio 

at Proviso and in the* large ordnance plants were* 
later to become* an important part of the railroad 
testimony in the* Federal Com¬ 
munications Commission hear¬ 
ing which brought about the 
present allocation of frequen¬ 
cies for railway use." 

Farnsworth radiotelephone systems, now readv to serve the 
Nation’s railroads, provide: 

(1) RELIABLE RADIOTELEPHONE CIRCUITS 

Farnsworth guarantees its railroad radiotelephone systems for a period of one 
year— the same kind of comprehensive guarantee furnished with U. S. Govern¬ 
ment war-time radio equipment on which battles and lives depended. 

(2) IMPROVED OPERATING SERVICES AND FACILITIES 

Radiotelephone circuits between train crews and supervisory personnel permit 
industrial customer requirements to be fulfilled more rapidly; provide reliable 
and instantaneous communications even during adverse visibility conditions; 
enable the quick reporting of equipment failures and the more rapid and efficient 
dispatching of relief; permit crews instantly to report unscheduled stops to near-
approaching trains. 

(3) SAVINGS IN OPERATIONS 
Railroads using modern radiotelephone circuits have reported through official 
Association of American Railroads documents convincing proof of the important 
money-saving, as well as safety-contributing abilities of radiotelephone circuits. 

(4) LOW-COST INVESTMENT AND MAINTENANCE 

Farnsworth equipment incorporates such important operating and maintenance 
features as standardized chassis with unitized construction, low-clearance anten¬ 
nas, automatically engaging plug-in type connectors, and special test circuits. 
The combination of these features, found only in Farnsworth equipment, guar¬ 
antees maximum availability, flexibility, and usefulness w ith simplified low-cost 
maintenance. Yet, Farnsworth railroad radio equipment is priced competitively 
w ith other quality systems, many of w hich lack these special features. 

For detailed particulars of Farnsworth Mobile Communications Systems, write 
Farnsworth Television & Radio Corporation, Dept. FM-3, Fort Wayne 1, Indiana. 

“TO ATTAIN 

STILL HIGHER STANDARDS OF SERVICE . ..” 

"An asset in which the Nickel Plate Road takes 
great pride is the high standard oí service 
which it renders to the shipping public. With 
its record for outstanding performance during 
the war wars back of it. the Nickel Plate is 
looking forward to the utilization of new 
technological developments, such as radio ami 
teletype. in order to attain still higher stand 
ards of service and use-

"Train Radio to Aid in Operation 

of Pere Marquette's New Streamlined Trains” 

"Bv virtue of their efficient and effective perform¬ 
ance during the war, the nation's Railroads have 
won the respect and goodwill of the American 
people. It is essential that this public esteem be 
maintained. That is why progressive railroad 
managements are planning the use of manv tech¬ 
nical developments capable of making additional 
contributions to the saJety and comfort of rail 
passenger service and why the new, streamlined 
passenger trains which Pere Marquette soon will 
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rs. 

Jett was appointed Commissioner. 

niarv I, 1938, as Chief Engineer. On February 15, 1944, 
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IS READY TO SERVE THE NATION 

FEDEral commuNications
w*sH(Ngton 26 o ̂Commission 

have taken on even more significance to American 
omy and well-being. 
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TELEVISION HANDBOOK 
CHAPTER 1 —Part 2: Characteristics of Images — 

1. Nature of Information, 2. Detail and Focus 

BY MADISON CAWEIN 

1. The Nature of Information ★ it is tin- purpose 
of this section to examine both the theo¬ 
retical requirements of frequency spectra 
in the transmission of visual information, 
and the practical implications thereof. 
Some of the basic material has been dis¬ 
cussed by others. It ishopedthat this form 
of presentation, however, will be found 
useful. An attempt has been made to cor¬ 
relate and clarify available material neces¬ 
sary to an understanding of the subject. 

uses to which television is put. The eye 
cannot distinguish shape in the smallest 
resolvable points, nor can it distinguish 
change in intensity over the area of the 
point. Thus, an image constructed of white 
ami gray dots, the dots being .003 in. 
square, on a black background, w ill simu¬ 
late perfection to the eye. in all except 
color. 
A clue to the necessary minuteness of 

the dots is given by available data on the 

FIG. 7A. DIAGRAM SHOWING THE USEFUL PORTION OF THE TELEVISION RASTER. 
AND THE PORTIONS WASTED BY THE HORIZONTAL AND VERTICAL BLANKING 

I. Detail i\ an Image: According to 
Webster's Xeir I nternational Standard Dic¬ 
tionary, an image is "the geometrical 
figure made up of the foci corresponding 
to the points of the object." The images 
which w ill be dealt w it h here can be con¬ 
sidered to be const meted of points of light 
in a plane, some having different intensi¬ 
ties relative to one another, ami some 
having equal intensities. 

Since a true mathematical point has no 
reality, no shape, and no dimensions, it is 
best to define the shape and dimensions 
of the points of light and thus avoid a 
philosophical impasse. The shape of a 
point will be defined as square. The dimen¬ 
sions of the square will be defined as the 
smallest that can be resolved at close 
range by the average, unaided human eye. 

These concepts are in keeping with the 

smallest angle which the eye can resolve. 
Points w hich subtend an angle of 1 minute 
of arc at the eye are at the limit of normal 
resolution. The word normal is used be¬ 
cause resolving power is to some extent 
dependent upon brilliance of the point: 
very bright points which subtend much 
less than one minute of arc at the eye are 
resolvable because of spdl-orer to rods in 
the retina which are stimulated by prox¬ 
imity to the excited areas. 
The question arises as to what is the 

optimum viewing distance: i.e., at what 
distance is the eye satisfied that the reso¬ 
lution of the image is a maximum? The 
answer to this question will constitute a 
statement of the dimensions of the small¬ 
est resolvable image clement. 1'he opti¬ 
mum viewing distance is 10 ins. for the 
normal eye, so that the width of minimum 

picture element which can be distin¬ 
guished is I X HI -i- <>0 X 57 = .003 in., 
approximately. This is the finest detail 
w Inch can be resolved by the average eye. 
The height of the minimum picture ele¬ 
ment would be the same. 
The foregoing discussion would indicate 

that detail has the dimensions of area. It 
is assumed that this is a true statement of 
fact. The follow ing analysis evaluates the 
performance of a television system on the 
basis of a ratio of areas: i.e., the ratio of 
the area of the image-field to that of a re¬ 
solvable picture element, or of the image 
detail. 

■ï. Fai rims Which Affect Video Fre-
qcem a-Bami Computation: The video 
frequency band necessary to produce a 
television picture extends from a lower 
limit of zero, or DC, to an upper limit 
which is determined by the scanning 
standards and the desired detail within 
the line. The necessary detail within the 
line for a satisfactory picture depends 
upon the experience of the human eye. 
This experience has shown that the hori¬ 
zontal resolution should be approximately 
equal to the vertical resolution. 

It is the purpose of this section to deal 
w ith the factors involved in coniput ing the 
frequency band required to transmit a 
television image. This frequency band de¬ 
pends upon the amount of information 
which is to be transmitted. 

I lie transmission of information itself 
consists in the transfer of energy from one 
point of space to another. It always re¬ 
quires time to transfer energy through 
space. The rate at which energy is trans¬ 
ferred is called pawer. The product of the 
total energy transferred, and the time re¬ 
quired to transfer it. is called action. 
Power and action are physical concepts. 
Information is a mental concept, which is. 
despite this abstract quality, closely asso¬ 
ciated with the physical concepts of en¬ 
ergy and time. It is the opinion of the 
author that information has actually the 
physical dimensions of action as repre¬ 
sented by I he product of energy and time, 
and that the amount of information w hich 
may be transmitted depends only upon 
the product of the energy and the time 
in vol veil. 
However this may be, it is a fact of 

considerable importance that the product 
of frequency band-width and time is re¬ 
quired to transfer information. This prin¬ 
ciple was first proposed by I{. \ . !.. Hart-
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ley 1 in 1928, anil most men are convinced 
that it is at least as fundamental as that of 
the conservation of energy. The essence 
of this principle is that the more informa¬ 
tion which is transmitted in a given time, 
the greater the band-width required. The 
proportionality is direct, so that it 10 
times the time is available for sending a 
message, or transmitting information, only 
I 10 of the band-width will be required. 
A television image is a form of informa¬ 

tion. and constitutes a message. A tele¬ 
gram can be sent visually as well as 
aurally. Or a message can be conveyed by 
means of a picture as well as by conversa¬ 
tion. In what follows, reference is made to 
Fig. 7A. 
I. Time Element Involved: Only a frac¬ 

tion. bb', of the frame cycle is useful be¬ 
cause. in the reproduction of the picture. 
(l-b)N lines are blocked out during each 
field scansion, and (l-b') of each line is 
blocked out. to allow for scanning re¬ 
traces. Into this interval of time, bb'/F. 
must be crowded all the detail oi a picture. 

A Perfect Reproduction: The original 
image may be considered as divided into 
contiguous strips of width IS, each 
strip being made up of square elements, 
for purposes of reproduction by rectilinear 
scanning methods. In the following analy¬ 
sis it is assumed that the scanning lines 
do not overlap, in which case the picture 
will be reproduced essentially by means 
of rectangular elements. 

J. Area of Each Detail: The smallest 
dimension (1 S) which can be seen in the 
original image will depend upon the view¬ 
ing distance. The square of this dimension 
represents the area of the smallest square 
picture element which is discernible at a 
particular viewing distance. The ratio of 
the area of the element to the area of the 
picture isa measure of the frequency band 
required to reproduce the picture elec¬ 
trically. The extent of this frequency 
band for perfect reproduction can be 
computed. 

4. Time-of-Transmission for a Single 
Picture Element: Assume a jx'rfcct (pick-up) 
transmitting device and a perfect (repro¬ 
ducing) receiving device. These devices 
include a means of rectilinear scanning 
with apertures much smaller than any 
picture element, or detail, to be trans¬ 
mitted. The scanning at the transmitter 
will, by electro-optical means, spread the 
image out into a continuous signal wave 
having a fundamental periodicity equal to 
that of the image repetition frequency. 
All the detail in the wave will appear as 
harmonic frequencies ol this fundamental. 
The scanning at the receiver, also by 
electro-optical means, will reconvert the 
periodic signal-wave into an image which 
can be perceived by the eye. This image 
will have the same dimensions as the 
original, and the eye, in viewing both the 
original and the reproduction at the .same 
distance, will see substantially the same 
1 K. V. L. Hartley, “Transmission of Information,” 

Hell Tech. Jour.. 7 (3), p. 535. July 1928. 
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detail in each because it will be unable to 
resolve the dark spaces between the lines 
of light. 
Assume that the original image is being 

converted to an electrical signal-wave at a 
rate of F (30) frames per second. The har¬ 
monic frequencies which compose the 
electrical pulses, corresponding to the 
picture elements in the original image, 
depend upon the ratio of the time of trans¬ 
mission of a single element to the time oi 
transmission of the entire image. 

Since .003 in. is the smallest dimension 
which can be seen by the unaided eye (See 
Subsection 1 above), a 6- by 8-in. picture 
(h = 0) woidd require 6 0.003 = 2000 ac¬ 
tive. horizontal lines for perfect reproduc¬ 
tion. The number of picture elements along 

ture, is only (93.5% X 525) 6 = 82 lines 
per inch, or °f the ¡deal. 

Time-of-transmission. Te, of a single 
picture-element depends upon line struc¬ 
ture. S, and the aspect ratio. A. It can be 
computed, as indicated in the example 
above, by dividing the time. Tn. required 
to transmit the useful (unblanked) portion 
of a frame by the number of active picture 
elements, which is (h X S) X (A X h X S) 
as indicated in Fig. 7A. Since Tu is equal 

bb' ... . i ■ bb' to ,, . I e can be represented by,,,, —. 
]• rAh’S2

or by 
b' 1 .83 I 0.9 
b X AX-F - .935 X AN’F ” AN’F ’ 

approximately. Thus. Te depends upon 

FIG. 8. SQUARE ELECTRICAL PULSE, OR PEDESTAL, HAS THE DISTINGUISHING CHARAC¬ 
TERISTICS OF AMPLITUDE, DURATION, AND FREQUENCY OF REPETITION 

each line would be 8 0.003 = 2666. so t hat 
the total number of visible picture ele¬ 
ments required is 2000 X 2666 = 5.3.32,000. 
From Subsection 1 it is seen, however, 
that this represents only bb' = 93.5% X 
83% = 77.6% (by KMA standards) of 
the total (active and blanked-out) picture 
elements which must be transmitted in a 
perfect reproducing system. Thus, the 
actual, total number of picture elements, 
including those blanked out during re¬ 
trace of the cath<xle-ray tube beam, 
is 5.332.000 0.776 = «,870.000 (approxi¬ 
mately seven million). The time of trans¬ 
mission of a single element, then, is ap¬ 
proximately 1 7.000.000th of that for an 
entire frame of the image, or 1/210,000.-
000th of a second (30 frames per second). 
The computation above was calculated 

for so-called perfect reproduction, with a 
line structure of S = 333 lines per inch, 
which is impractical with present-day 
techniques. Fortunately, the value of S 
under KMA standards, in a 6- by 8-in. pic-

Kadio-Electroxics 

the inverse of the square-of-number-of-
lines, and is inversely proportional to the 
square of the line structure. 

5. Harmonic Composition of a Pulse: 
The ideal shape of an electrical signal used 
to recreate a horizontal element is that ol 
a square pulse. The Fourier analysis of a 
finite, square pulse shows that it is made 
up of an infinite number of cosine waves, 
harmonically related to one another and 
all in phase with one another. 
A, = Relative Amplitude of Harmonics = 

(i.o) 
inr7r 

Where m is the order of harmonic, and r 
is the fraction of the frame cycle during 
which the picture element, or light pulse, 
occurs. '1'he cycle under consideration is 
that of a complete frame of the picture, 
so that if only one detail occurs in the 
picture, the fundamental frequency oi the 
electrical pulse which reproduces it will 
be at the same frequency as that of the 
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equation, the electrical width w is there¬ 
fore (1.1) rr 

(1.2) 
ni r - mw 

where Ar is relative amplitude of har¬ 
monics, and mw indicates the order of the 

harmonic, that is. whether 1st harmonic. 
2nd harmonic, et cetera, according to the 
value of m. Now. let the product of m and 
w be represented by 0 = mw. Then: 

FIG. 9. RELATIVE AMPLITUDE OF HAR¬ 
MONIC COMPONENTS OF PEDESTAL 

frame cycle. This pulse is very narrow. It 
requires a great number of harmonics of 
the frame frequency to reproduce it. The 
amplitude of these harmonics, as given in 
equation (1.0) above, depends not only 
upon the order of the harmonic, but also 
upon the r-index of the wave, where r re¬ 
fers to the fraction of the cycle for which 
the pulse endures. Each pulse of light will 
have as its electrical counterpart a pulse 
of potential across some element of the 
electric circuits connecting transmitter 
and receiver. 
A square electrical pulse. Fig. 8, is re¬ 

ferred to sometimes as a pedestal. Pedes¬ 
tals have three distinguishing characteris¬ 
tics: amplitude, duration, and frequency 
of repetition. The latter two of these char¬ 
acteristics contribute to the frequency 
spectrum, which depends solely upon the 
ratio of the duration of the pulse to the 
period of the image projection. The fre¬ 
quency spectrum can be computed quite 
easily by means of a Fourier analysis of a 
narrow, finite pulse, created electrically 
at the transmitter by the scanning of a 
single illuminated point in the image. This 
analysis shows that the pulse can be con¬ 
sidered as a series of harmonics of the 
frame projection-frequency, with relative 
amplitudes as indicated in equation (1.0), 
and plotted in Fig. 9. 

FIG. 10. PULSE WAVES OBTAINED BY ADDING FINITE NUMBERS OF HARMONICS OF A 
PEDESTAL WAVE 

By the use of equation (1.1) the relative 
amplitude of harmonics expressed in equa¬ 
tion (1.0) can now be written 

sin mrir sin mw 

pedestal, that of duration is of primary 
importance in television analysis. Dura¬ 
tion is very closely related to electrical 
width, as shown in Fig. 8. Electrical width 
refers to one-half of the portion of the 
cycle (in electrical degrees or radians, 
there being 3(10° or 2ir radians in a com¬ 
plete cycle) for which the pulse peak en¬ 
dures. According to the definition of the 
symbol r given in the second paragraph 
above, this value is r X ir in radians (it 
radians in a half-cycle). Expressed as an 

In equation (1.3) the symbol m is al¬ 
ways an integer (a whole number, such as 
one, two. etc.) which refers to the number, 
or order, of the harmonic. For example, 
m = 1 refers to the fundamental fre¬ 
quency. also called the first harmonic. 
The symbol w is usually a small quantity, 
because the values of r. on which w de¬ 
pends. is usually small as applied to tele¬ 
vision. The value of r for the RMA-
standard field-pedestal is about 0.065. 
Thus the value of w calculated from (1.1) 

is ,065ir, or 0.204 radians, or 11.7 degrees. 
7. Reconstruction of a I’ulxe from its 

Harmonics: A reference to Fig. !> will show 
the relative amplitudes of the harmonic 
components composing a field pedestal of 
this width, as express«! by the relative 
values of sin 0 0. There are 15 additive 
(or plus-valued) harmonic components 
which compose this pedestal wave up to 
the first, zero frequency which occurs al 
0 = ir. at which frequency the harmonic 
amplitude passes through zero. There are 
only fifteen, liecause 15 X 0.065ir = O.975ir. 
while 16 X 0.065?r = 1.04ir. Thus, the 15th 
harmonic is the last plus-valued harmonic, 
and the Kith harmonic is negative and w ill 
subtract from the peak value of the pulse. 
An approximate peak value of the pulse 
can be obtained by adding up the first 15 
positive harmonics at the start of the 
cycle, w here the peak occurs. The relative 
values of the first 15 harmonic amplitudes 
can be found from Fig. 9. by assigning 
values to m from 1 to 15 (corresponding 
values of <t> are from 0.065r to 0.975ir, as 
computed from equation (1.3)), and by 
reading the values of sin 0/0 from the 
curve, for these values of in. These values 
are : 

TABLE I 
m sin 0 0 
1 .99 
2 .97 
3 .94 
4 .90 
5 .84 
6 .7!) 
7 .71 
8 .62 
!» .54 
10 .45 
I I .36 
12 .27 
13 .18 
14 .10 
15 .03 

sum 8.79 

The sum of the values of sin 0 0 for the 
first 15 harmonics is 8.79. This sum was 
obtained by actually adding up the 15 
harmonics in Table I. at the point where 
the peak occurs. It can be shown that the 
peak value for any large number of har¬ 
monics. M. is represented by: 

m = M 
.. XT* sin 0 Eu = 2rE„ > (1.4) 

■‘—I 0 
m = 1 

w here E,, is I he peak-to-peak amplitude of 
the rectangular pulse, or pedestal wave. 

shown in Figs. 8 and 10. and the sign 

signifies that values of as taken from 
0 

the curve of Fig. 9, for each value of 
0 = mw. are all added together for values 
of m from 1 to M. 

Applying formula (1.4) to the data of 
Table I. the peak value of the first 15 
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harmonics of the UMA standard field 
pedestal can be calculated as Eu = 'i X 
.O6.5E,, X 8.79 = 1.I4E,,. Thus, the sum 
of the harmonics up to the first zero-
frequency yields a pulse with a peak 
amplitude a few per cent (14% here) 
greater than the pedestal height itself. 

In Fig. 10 there is plotted one cycle of 
a pedestal wave similar to that shown in 
Fig. 8. but for a finite value of r, chosen 
to simplify calculations: that is. for 
r = 0.1. which defines a pedestal whose 
width is 10% of the cycle (w = 18°. or 
w = tt 10 radians). Plotted in Fig. 10. 
also, arc waves A. B, and (’ which would 
be obtained in simulation of the pedestal 
wave if only 5 harmonics, 10 harmonics, 
or 40 harmonics were used Io simulate the 
infinite number of harmonics required to 
produce the pure, rectangular pedestal. 

It will be noticed that the peak ampli¬ 
tudes at zero phase, or the start of the 
cycle, for waves A. B. and (’ arc either 
greater than or less than that of the 
pedestal itself. This phenomenon is known 
as overshooting. Overshooting occurs when¬ 
ever a finite number of harmonics is used 
to simulate a steep wave front, or sharp 
corner (such as in the pedestal wave) 
which requires actually an infinite number 
of harmonies for perfect simulation. 

By means of methods beyond the scope 
of this discussion, it can be proved that a 
pedestal wave having a value of r smaller 
than 10% can be simulated by adding up 
the harmonies to the first zero-frequency, 
and that the simulated pulse obtained in 
this manner will be substantially the same 
as shown lor curve B in Fig. 10. W hat this 
means, actually, is that any pe< lest al-type 
of impulse wave which has a very short 
duration can be simulated accurately 
enough for most practical purposes by M 
harmonics, where M 1 r. The number 
of necessary harmonies is proportional to 
the inverse of the pulse width. In Fig. 11 
there is shown a graph of a pedestal wave 
having a narr ow width w. There is shown 
also the pulse wave which would be ob¬ 
tained by adding all the harmonic com¬ 
ponents of this pedestal to a value 
M I r = r w. The graph of Fig. 1 I is 
universal. That is. it holds approximately 
for all pedestals of short duration and of 
narrow widt h. whet Iler t he value of w is . 1 
of a radian or .000001 of a radian. 

The practical implications of this fact 
are as follows: if a periodic electrical wave 
having the form of a short, rectangular 
pulse lor pedestal) of width w is applied 
to an electrical network with a finite fre¬ 
quency band (of band-width Ml. where 
M = - w ami f is the frequency of repeti¬ 
tion of the pulse), then the output pulse 
will have Ilie shape shown in curve B of 
Fig. 1 I. relative to the shape of the original 
pedestal wave shown in curve A. This fact 
is very useful in estimating the perform¬ 
ance of an electrical system in regard to its 
transmission of rectangular pulses, and is 
also useful in the computation of the fre¬ 
quency band necessary in a television 

system in order to transmit a picture 
which has any predetermined value of 
resolution, or line structure, which de¬ 
termines the time of transmission of a 
single picture element. 

It can be shown, also, that if higher 
numbers of harmonics than those existing 
up to the first zero-frequency (for example, 
if the harmonics up to the second zero¬ 
frequency were plotted) then the shape 
of the reproduced pulse would be uni¬ 
versal for all narrow widths of pedestals, 
and would be of the form shown in curve 
C of Fig. 10. Each time the frequency 
band of the electrical system is extended 
by a multiple of the first zero-frequency. 

FIG. 11. SUM OF M HARMONICSOFA PEDES¬ 
TAL, UP TO FIRST ZERO FREQUENCY 

a new peak is added to the simulated 
reproduction of the rectangular pulse 
peak. That is. if harmonies of the pedestal 
up to the fifth zero-frequency were plotted, 
the peak of the pedestal would have five 
oscillations on top of it. similar to the two 
oscillations shown in curve (' of Fig. 10. 
whi< h was plotted for harmonics up to the 
second zero-frequency. 

This fact is mentioned as a matter of 
general interest, and is not too important 
to elementary television analysis. Never¬ 
theless. flic facts related Io pedestals in 
regard to their harmonic composition up 
to the vanishing point at the first zero¬ 
frequency are quite important to a com¬ 
prehensive grasp of television theory, it is 
for this reason that considerable space 
has been devoted here to the subject. 

It is sufficient here to consider har¬ 
monics only up to the first zero-frequency. 
In this case the distortion of’ the repro¬ 
duction of a rectangular pedestal is ap¬ 
proximately as shown in Fig. 10, where 
there is a positive overshoot in the peak 
direction having a magnitude of approxi¬ 
mately 17% as shown by a comparison of 
curves A ami B. and there is also a nega-
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tive overshoot of approximately 6%. as 
shown. The actual width of the repro¬ 
duced pulse, however, is almost identical 
to the width of the original pedestal. For 
mathematical reasons, also beyond the 
scope of this article, the effective, or aver¬ 
age. width of a pulse is taken to be repre¬ 
sented by the area of the pulse divided by 
its amplitude. A reference to Fig. 11 will 
show that the areas of the pulses of curves 
A and B. divided by their peak ampli¬ 
tudes, are approximately the same and are 
equal to one another, so that the values of 
w are the same for ea< h. 

2. Detail and Focus ★ From the discussion 
in Section 1. it should be evident that 
sufficient information has been presented 
to allow the formulai ion of the dependence 
of the required frequency bandwidth on 
the visible detail in the image. This for¬ 
mulation is quite important to the proper 
understanding of the problems of tele¬ 
vision. These problems may be said to be 
related to the required bandwidt h. for the 
most part, and to the methods of present¬ 
ing the information contained in this 
bandwidth within the time allowed for 
transmission of a television image. I his 
information is presented at the receiving 
end on the illuminated area known as the 
scanning raster of a cathode-ray tube. A 
photograph of a blank scanning raster is 
shown in Fig. 14. Fig. 13 shows the pre¬ 
sentation of detail within this raster in the 
form of a test chart. 

In the 4th paragraph of Item 1. Sub¬ 
section 4 in Section 1. it has been shown 
that the line st rm I lire of an HMA 540-linc 
standard picture is about % that ol the 
so-called perfect or ideal television picture 
of 6 by 8 ins. The ratio of t ime-of-t rans¬ 
mission of a single element to that lor the 
entire image is therefore 16 times more 
favorable under HMA standards than for 
perfect reproduction, and the time-of-
transmission for one element is 16 times 
longer, or about I 13.000.000t h oi a second. 

It will be shown here that the frequency 
band required for transmission ol a tele¬ 
vision image is inversely proportional to 
the time-of-t ransmission ol a single ele¬ 
ment. and thus depends directly on the 
square of the number of lines. 

1. XlMBEH or IIaHMOXTCS OF THE 
Frame Freqvexi y Reuitred It has 
been shown in Section 1. Subsection 4. 
Item 4 that the time-of-t ransmission ot a 
single picture element depends upon the 
scanning standards: i.e.. upon the frame 
frequency F. and upon the number of 
lines N. The signal from this single picture 
element takes the form, in an electrical 
circuit, of a very narrow pulse occurring al 
the frame repetition rate of 30 per second, 
when a stationary image is being trans¬ 
mitted under RMA standards. 11 was 
shown, furtherm >re. in Item 7 that this 
pulse could be reproduced very well, lor 
all practical purposes, it only those har¬ 
monics up to the first zero-frequency were 
transmitted. 
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riie number of harmonies required is M. 
which is the number that exists up to the 
first vanishing harmonic which occurs 
when <t> = ir. or sin </>/</> = (sin jt/tt) = 0. 
The number of harmonics of a pulse in the 
interval up to 0 = tt is determined by the 
electrical width w of the pulse as pre¬ 
sented in the example for w — 0.065 in 
Item 7, where 1.5 harmonics were required. 
This number M is determined by setting 
Mw ; tt ami solving for M. Thus: 

2. \ ideo Frequency Band Required 
ion High Fidelity: Since M defines the 
number of harmonics of the frame fre¬ 
quency required to reproduce the width 
of a picture-element pulse, the frequency 
bandwidth required is given by the equa-
I ion 

f = MF (1.6) 
It must be remembered that r. which 

determines M from equat ion (1..5), repre¬ 
sents the fraction of the cycle for which 
the pulse endures. Thus, r is the ratio of 
the time-ol-t ransmission of a picture-
clement pulse to the I ime-of-transmission 
oi a complete frame, or picture cycle, 
which is the same thing as the ratio of the 
area of a picture element to the area of the 
unblanked raster shown in Fig. 7A. The 
ratio r, therefore, can lie represented in 
mathematical symbols by dividing Te 
Paragraph 4 by Tn. which is I F. 

fc = MF = 1.1 1AX-F 1.47X’F (1.9) 
The bandwidth expressed in equation 
(1.9) will reproduce the wave form of a 
picture-element pulse with only slight 
variations in brightness, within the limits 

525* X 30 = 12.237.000. or approximately 
12 me. is required to reproduce a perfect 
picture, within the capabilities of a 525-
linc, 30 frame television system having 
equal horizontal and vertical resolution. 

FIG. 12. PHOTOGRAPH OF A BLANK SCANNING RASTER, SHOWING RETRACE LINES 

of observa! ion by the human eye. as shown 
in Fig. I I. It is. therefore, sufficient for the 
perfect transmission of the detail neces¬ 
sary to produce a television image con¬ 
structed of X lines per frame and at a rate 

3. Empirical Bandwidth Formula: 
This does not mean that 525 lines can be 
resolved in both the horizontal and verti¬ 
cal dimensions of the picture when using 
a 12-mc. pass-band. The actual resolution 

PHOTO SHOWING PRESENTATION OF DETAIL, IN THE FORM OF A FIXED TEST CHART 

Substitute from equation (1.7) into equa¬ 
tion (1.5): 

M = 1 r = 1.1 IAN* (1.8) 
Now substitute from (1.8) into (1.6) to 
obtain the value of f0, which is the band¬ 
width required to transmit the image: 

ot F frames per second, under RM A 
standards anil with equal values of line 
resolution in the horizontal and vertical 
directions. 

I nder RM A standards, this means 
that a bandwidth of fr = 1.11 X 1.33 X 

will depend upon the sharpness of focus 
of the electron beam used to create the 
image, upon the stability of synchroniza¬ 
tion, upon the blurring effect of motion in 
the image, and upon an empirical factor 
which concerns resolution 2 and which 
depends partly upon the change in reg s-
try of scanning lines with respect to the 
image being resolved, and partly upon the 
psychology of the observer. Probably the 
best value of this latter factor has been 
determined experimentally as K = 0.7. 
as it affects the number of lines in the 
vertical direction which can lie resolved. 
Some of the details of the picture are 

lost in the blanked-out portions of the 
raster. The useful area in Fig. 7A is only 
77.6% of the total; and since the total 
number of square picture elements in the 
entire raster of this figure is (A X N) X 
X = 4 3 X 525 X 525 = 367,500, there 
are actually only 285.180 visible picture 
elements in a near-perfect television image 
under RM A standards. Only 93.5% of the 
lines are useful, at best, in the vertical 
direction, so that 491 lines would lie the 
maximum number which ever could be 
resolved vertically in this system, al¬ 
though the picture is referred to as a 
525-line picture by general usage. 
The eye does not need to perceive the 

’“A Determination of Optimum Number of Lines 
in a Television System,” R. I). Kell, A. V. Bedford, 
and G. L. Fredendall, RCA Review, July 1940. 
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change from black-to-white as sharply as 
indicate«! by the pulse waveforms of Fig. 
11: any form of change will be perceived 
as a difference of shading between adjacent 
picture elements and can be distinguished 
by the eye. This is true even though 
absolute black ami absolute white are 
not obtained in the reproduced image 
relative to that in the original image being 
transmitted. 

For this reason an empirical formula for 
frequency band, based on just perceptible 
resolution between adjacent picture ele¬ 
ments is usually used. This formula for 
the bandwidth required to show \-line 
resolution is: 

fc = 0.35ANT (2.0) 
It is interesting to compare this with 
equation (1.0). It is based on actual tests2 
with observers as to their ability to see 
transmitted detail in a black-and-white 
resolution chart. I sing RMA standards, 
equation (2.0) states that the necessary 
bandwidth for transmitting 525-line im¬ 
ages is f0 = 0.35 X 1.33 X 5252 X 30 = 
4. 183.(»00, or approximately 4 megacycles. 
The standard RM A bandwidth is 4.5 me. 
between video and audio carriers, which 
allows a guard band for audio rejection 
circuits. 

4. Apeiwhe Dbtortiox axi> Its Ef¬ 
fect 1 pox Detail. The act of scanning 
an image-field by means of a finite aper¬ 
ture will modify the amount of detail 
which can be observed in the reproduced 
picture. In the following discussion it is 
assumed that the aperture is square, and 
of dimensions 1 S by I S. as shown in 
Fig. 7A. I'lie aperture under immediate 
discussion, however, refers to the spot 
size at the transmitter and not to that at 
the receiver. 

The finite size of the transmitter aper¬ 
ture occurs in all kinds of pick-up tubes. 
In the Farnsworth image dissector the 
aperture is an actual square, or rectangu¬ 
lar hole, or sometimes a circular hole, 
which is placed in the shield surrounding 
the multiplier and collector for the pur¬ 
pose of admitting only a small portion of 
the electrons arriving from the cathode, 
so that the electron image can be viewed 
bit by bit during the scanning processes. 
In the iconoscope and other types of 
electron-beam pick-up tubes, the aperture 
is established by the cross-sectional area 
of the electron beam itself. The ideal 
pick-up tube should contain an aperture 
of very minute dimensions compared to 
the smallest picture clement to be scanned 
in the image field. Unfortunately, how¬ 
ever. it is quite difficult to utilize small 
apertures in pick-up tubes, partly because 
of mechanical difficulties, partly because 
of electron-optical difficulties, and partly 
because of reduction in sensitivity in some 
tubes, as in the dissector. This matter 
will be discussed in a later section. 
The finite size of the aperture has the 

practical effect of attenuating the higher-
frequency electrical components in the 
electrical signal from the image, due to 

ellisiou of harmonics in the electrical pulse 
from any given picture element in the 
image field. This ellisiou, or removal, of 
higher-order harmonies, due to finite aper-
ture size, is quite similar to the reduction 
in amplitude of the harmonies of a pedes¬ 
tal due to the finite electrical width w of 
the pedestal. Actually the effect of the 
finite size of the aperture is to integrate 
the variations in light intensities along the 

FIG. 15. MODIFICATION OF A PULSE BY 
SCANNING WITH FINITE APERTURES 

line scanned by the aperture, as shown in 
Fig. 14. 

Because apertures obey the law of con¬ 
servation of energy, the total energy de¬ 
livered to the collector, or scanned off by 
the electron beam during the process of 
scanning, is conserved, regardless of the 
dimensions of the aperture. This is true 

flowing through the aperture, and time, 
will be a constant, having the dimensions 
of energy. 

In Fig. 14 the intensity of illumination, 
I/, in an image field, or the corresponding 
density of current in an extended electron 
image, is shown for a single line of the 
scanned raster at the transmitter as a 
function of the distances traveled along 
the line. Assume that L" is reduced pro¬ 

portionally as — (aperture area) is in¬ 

creased. Then the effect of the traversal, 

by the aperture having an area of —, 

across this luminous fielil is to integrate 
tlie light values of adjacent regions of the 
picture over the aperture width in such a 
manner that the peak intensity of the 
light pulsing through the aperture is re¬ 
duced as a function of the aperture width; 
while the length of time, or time-of-trans-
mission, during which the light flows 
through the aperture is increased. 

It can be shown that the effect of any 
aperture upon the peak value of the signal 
entering it, or upon the harmonic content 
of the electrical pulse derived from the 
aperture as it crosses a luminous point, is 
mathematically the same 3 as the effect 
of finite, electrical width on the harmonic 
content of a narrow electrical pulse, as 
shown in Fig. 11. This means that another 
factor of the same form as that of sin </>/</> 
is introduced into the equation (1.4) each 
time an aperture is introduce« I into the 
transmission system. This factor mollifies 
the peak value of a rectangular pulse, ami 

ZERO AXIS - A0S01 UTE BACK LEVEL 

FIG. 14. SCANNING OF LIGHT PU LSES ALONG AN ILLUM I NATED LI NE B Y A Fl N ITE APERTU RE 

only providing the overall light flux from 
the optical image or the magnitude of 
aperture current is scaled down in inverse 
proportion to the area of the aperture, in 
order to maintain the signal output con¬ 
stant as the aperture size increases. The 
physics of this is that the light flux deliv¬ 
ered through the aperture has the dimen¬ 
sions of power, which is energy per unit 
time, and the wider apertures admit more 
flux for a longer period of time at a given 
scanning velocity. If the total flux is re¬ 
duced proportionally to the increase in 
aperture area, the net product of |>ower 

the effective width of pulse, for any 
number of harmonics. 

Equation (1.4) is modified as follows, if 
Il apertures (the value of n would be at 
least 2 in present-day television systems, 
where an aperture exists both at the trans¬ 
mitter pick-up tube and at the receiver 
cathode-ray tube) arc introduced into the 
transmission system between the image 
field to be transmitted anil the reproduced 
picture: 

(CONCLUDED ON PAGE 46) 

3 Mertz & Gray, “ A Theory of Scanning, ” Hell Sys. 
Tech. Jour., p. 464, July. 1934. 
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WTCN-FM SOLVES UNUSUAL ANTENNA PROBLEM 
Assembled in Elevator Shaft, Tower Was Raised through Top of Foshay Building 

IOIIX M. SJIERMAX. technical di-
J rector of station WTCX. overcame 
seemingly insuperable obstacles in the 
erection of the 80-ft. FM antenna which 
now dominates the skyline of Minneapolis, 
and delivers FM programs far beyond the 
calculated range of the 3-kw. interim 
transmitter now in use. The unusual 
method employed to erect the antenna 
and its supporting structure is illustrated 
in the accompanying photographs. 

'I'he Foshay Building, site of the 
UTCX-FM transmitter, offered an ideal 
location. However, it first appeared that 
this building, of steel and stone con¬ 
struction. with smooth sides rising to a 
height 447 ft. from the street, posed 
difficulties that would more than offset 
the advantages to be obtained from 
putting the antenna atop this dominating 
height. Chief obstacle was that materials 
and equipment could not be hoisted 
outside the building and assembled on the 
top. The situation was furthereomplicated 
by the tact that the work could not be 
completed before cold weather set in 
unless the start was postponed until 
spring. (WTCX-FM actually started 
regular transmission on December 27th.) 

In the end, John Sherman assembled a 
const ruction team made up of the original 
architects and builders of the Foshay 
Building, together with engineers from the 
\\ I CX staff anil from Federal Telephone 

ASSEMBLED IN THE ELEVATOR SHAFT, 
TOP OF ANTENNA APPEARED FIRST 

and Radio Corporation, suppliers of 
the antenna and FAI transmitting equip¬ 
ment. 

they evolved the plan of clearing an 
unfinished elevator shaft from the base¬ 
ment to the 30th floor, a height of 400 
ft. 1 he strategy was to raise materials 
to tile 30th floor, assemble the tower and 
the square loops in the shaft at that point, 
working from the top down, and then to 
raise the antenna step by step through a 
hole cut in the roof. 

At the top of the page opposite are 
pictures of the elevator shaft and the 
opening in the roof. The lower photos 
show how the tower and loops were put 
together at the 30th floor, and then raised 
by a system of steel cables attached to 
hand-operated winches. 

I nder this procedure. the top section, 
surmounted by the 300-mm. aircraft 
warning beacon, appeared first to the 
sidewalk superintendents watching below. 
I his is shown by the left hand picture on 
this page. As the process of building 
from the bottom was continued, all eight 
sections and their associated loops and 
coaxial transmission lines were put to¬ 
gether until the complete assembly was 
finished and anchored permanently. The 
foundation for the tower and the offset 
section of the transmission line can be 
seen at the bottom center of the page 
opposite. 

Other views show the transmitter room 
in course of completion with the troughs 
laid out for power lines, and the final 
installation of the 3-kw. Federal FM 
transmitter. There are also detailed views 
of the antenna phasing equipment, show¬ 
ing how the two lines, each running to 4 
antenna hays, are joined to the single 
feeder from the transmitter. 

AVith an antenna gain of 8. the present 
effective radiated power is approximately 
25 kw. transmitted on a frequency of 97.1 
me. Subsequently, a 50-kw. amplifier will 
up the rating to 400 kw„ making WTCX-
FM one of the most powerful FM stations 
authorized by the FCC up to this time. 

Meanwhile, on low power, the station 
is being reported consistently at St. 
Cloud, a distance of 00 miles; Rochester, 
78 miles; Little Falls, 80 miles: and 
Duluth. 130 miles. 1 his is very significant, 
particularly in view of the fact that AM 
station operators have predicted freely 
that FM coverage would not show up 
advantageously, in comparison to AM. in 
the flat sections of the Country. 
On the basis of performance from this 

station, it appears that when the power is 
upped to 400 kw. from the antenna, it 
will afford solid coverage over a con¬ 

siderably larger area than the primary 
service areas of the largest midwestern 
AM stations. 

Starting off with a live-talent broad¬ 
cast of the Minneapolis Symphony Or¬ 
chestra, MTCX-FM is doing an excep¬ 
tional job of featuring fine programs, and 
in less than two months, 3.000 FM sets 
have been sold in the Minneapolis area. 

COMPLETED FEDERAL SQUARE-LOOP AN¬ 
TENNA AT WTCN-FM MINNEAPOLIS 
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MAGNETRON: GENERATOR OF CENTIMETER WAVES 
The Theory oí the Magnetron, and Its Development as a Practical Means tor 

Generating Centimeter Waves— 6th Installment 
BY J. B. FISK, H. D. HAGSTRUM, AND P. L. HARTMAN 

9.4 Pulling Figure: The Rieke dia¬ 
gram completely specifies the dependence 
upon load of the magnetron output power 
and frequency of operation. Nevertheless, 
it is convenient to be able to specify by 
a single parameter the dependence of 
operating frequency on load changes. The 
preceding discussion has shown that the 
changes in load conductance reflected into 
the resonant circuit of the magnetron. 

susceptance at matched load, for which 
I i is equal to the characteristic admit 
tance )''o of the output line at the point 
in question. Using the parentheses ( )o 
to indicate that the quantity enclosed is 
measured at the match point and incor¬ 
porating the factor 1/cos a. from (37): 

FIG. 35. Plot s of t lie frequent y eharacterist ies of a magnet ron amt a frequency-seiisil ive load for 
two magnitudes of reflection coefficient p and two line lengths f. The ordinates are fequency and 
the abscissas are phase angle of the reflection coefficient in the fundamental period 0 to tt radians. 
St a tile oscilla I ion occurs at the intersect ions indica lt‘d by filled circles. The open circle indicates a 
point of unstable operation for the three conditions p = 0.5 and f = fu p = 0.5 and f = f ,, 
and p = 0.¿and f = t,. In addition, it indicates a point of stable opera! ion for p = 0.2 and f = I' .. 
These four points are coalesced on the figure for simplicity. The lines IT and I'/ indicate how stable 
operation at both p = 0.2 and 0.5 can be attained by an increase of line length of approximately 

a quarter wavelength. 

that is, specified at cither the primary or 
secondary terminal', of the ideal trans¬ 
former of Fig. 31 (b), vary output power 
only. Further, if (i, and H, are unrelated, 
load susceptance changes specified at 
the same points vary frequency only. 
Since (le and It, arc in fact related, con 
slant frequency contours on the G/, — ll/', 
plane, as has been seen, are inclined to 
constant lines at the angle a. Thus 
changes in />£ are more effective by the 
factor 1/cos a in affecting frequency than 
equation (37) would indicate. The quan¬ 
tity calculated for Sw/àllj', from equa¬ 
tion (37). multiplied by the factor 1 /cos 
or, is a parameter which specifies the de¬ 
pendence of frequency on load. It may be 
specified at any value of load admittance 
)£. that is, for any position on the r 
plane. Generally, however, one considers 
the rate of change of frequency with 

Flie (Aw/A/j/ Iu as it stands is not a 
convenient one to measure. For this rea¬ 
son it is customary to specify the total 
excursion of frequency. A/ = Au/2tt, re¬ 
sulting from a standard variation in Sll'L. 
namely, that obtained by the total possi¬ 
ble phase variation of a standing wave of 
1.5 voltage ratio in the line at the point 
in question. This is equivalent to traveis 
ing the p = 0.2 circle on the reflection 
coefficient plane, shown on Fig. .33. It can 
be shown that such a variation of load 
admittance results in a variation of sus 
ceptance of ± 0.41 times the character¬ 
istic admittance of the line I 'o, corre¬ 
sponding to a total susceptance variation 
of 0.82 Y'q. When determined in this way. 
the total frequency excursion is called the 
pulling figure, PF. Hence by equation 

Since F'o = (G£)o, the quantity (M, I. 
V'o in this expression is recognized as 
(GZ)o. the load admittance at the pri¬ 
mary terminals of the ideal transformer 
when the line is matched at the point in 
question, namely, the secondary termi¬ 
nals. Using this fact and equation (23), 
the pulling figure is seen to be: 

PF = 0.41 fo 
(G/)o I 

I 0c cos a 
0.41 1 
Wexth) COS a 

(44! 

Although this equation was derived for a 
specific point in the equivalent circuit, 
it is of general validity at any point in the 
output circuit or load line of the magne 
t ron. provided the quantity ((?PSt)o is prop 
erly interpreted as the external If meas¬ 
ured at match in the line at the same 
point . 

10. Special Topics * 10.1 Frequency Slabil-
izafion: The degree of stability of the 
operating frequency of the magnetron to 
load changes is specified by the external f/ 
as equation (44) indicates. The external 
(/ by equation (23). can be increased ei¬ 
ther by decreasing the load conductance 
G/, or by increasing the circuit, charac¬ 
teristicadmittance )'oc. The first alterna¬ 
tive can be accomplished by reduction of 
the coupling between the load and magne¬ 
tron resonator system. Although this re¬ 
sults in greater frequency stability, it 
entails a reduction in output power. In¬ 
crease of the characteristic admittance 
of the magnetron resonator system, on 
the other hand, increases the energy 
storage capacity as indicated by equation 
(20) without appreciably changing the 
output power. Frequency stability can be 
increased in this way cither by redesign 
of the magnetron resonator system or by 
coupling to it a tuned cavity of high un-
loaded Q. In the latter case, the degree 
of stabilization, defined as the ratio of 
energy stored in the combination of mag¬ 
netron resonator system and stabilizing 
cavity to the energy stored in the magne¬ 
tron resonator system alone, is the factor 
by which the external is increased and 
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the pulling figure decreased. In actual 
practice, the stabilizing cavity can be 
coupled into one of the magnet roti reso¬ 
nator cavities or built into the output 
circuit. 

lit. 2 L're</uenc!/-Sensitire Loads: In the 
preceding sections it has been seen how 
the load admittance, among other pa¬ 
rameters. determines the frequency at 
which the magnetron oscillates. If this 
load admittance is itself a function of fre¬ 
quency, it may be possible for the condi¬ 
tion of oscillation to be satisfied at more 
than one frequency. This fact makes for 
an uncertainty of operation, which is to 
be avoided. Should the load fluctuate, 
for example, as it does in many applica¬ 
tions, the oscillation may jump discon¬ 
tinuously from one frequency to another. 
If the magnetron is pulsed, it may in 
certain circumstances oscillate at different 
frequencies on successive pulses. A tuna¬ 
ble magnetron operating into a frequency 
sensitive load exhibits periodic gaps in 
its tuning characteristic in which the 
magnetron cannot be made to operate. 
The discussion here will be limited to 

the specific type of frequency-sensitive 
load consisting of a long line terminated 
in an admittance, assumed to be fre¬ 
quency insensitive, which differs from the 
characteristic admittance of the line. 
'Die input admittance of such a line is 
represented by a reflection coefficient of 
amplitude, p, depending only on the ter¬ 
mination [see equation (30)] and of phase 
0, depending only on I hi' frequency/ and 
the line length f. Thus: 

2%f Is ff 
0 ‘ “ - * X/2 c 

from which 

This equation expresses the linear rela¬ 
tion between frequency and phase for the 
load, specified by the reflection coefficient, 
into which the magnetron operates. The 
heavy dashed lines in Fig. 35 represent 
this relation for two particular line 
lengths, t, ami f-, with f. very much 
longer Ilian I’,. The difference in line 
length f; — fi corresponds to an input 
phase difference of many times tt radians. 
Eor the case in Fig. 35, however, this is 
chosen as an integral multiple of v, so 
that the curve, plotted for the funda¬ 
mental period 0 to vr, will lie in the same 
range. 
The variation of operating frequency 

of the magnetron with variable phase of 
the load reflection coefficient is a periodic 
function whose amplitude increases with 
increasing amplitude p of the reflection 
coefficient. This function can be deter¬ 
mined graphically from a Kieke diagram 
of the magnetron, like that shown in Fig. 
33, by traversing the appropriate circle 
concentric with the center of the diagram 
and plotting the frequency of operation 
against phase. In Fig. 35 are plotted such 

curves for two values of p corresponding to 
different terminations at the end of the 
long line. 
A more detailed analysis of the condi¬ 

tion of oscillation shows that it is possible 
for the magnetron to oscillate stably at 
those intersections of the magnetron ami 
load frequency characteristics at which 
the slope of the load line is greater than 
the slope of the magnetron characteristic. 
Thus, as indicated in Fig. 35, oscillation 
may occur at only one frequency for the 
line of length f, if p = 0.2 but at two 
frequencies if p = 0.5. In the latter ease 
the middle intersection, indicated by an 
open circle, does not correspond to stable 
oscillation. For a line of length f«, on the 
other hand, two oscillation frequencies 
are possible at both p = 0.2 and p — 0.5. 
If. in either case, the line lengths fi and f; 
are increased by only an approximate 
quarter-wavelength, corresponding to a 

long, however, it is possible for the oscil¬ 
lation in a pulse to have been completed 
before any energy reflected from the ter¬ 
mination has arrived back at the magne¬ 
tron. I nder these circumstances, the mag¬ 
netron operates into an effectively infinite 
line which presents its characteristic 
admittance to the magnetron output. For 
a pulse of one microsecond duration, this 
would require a line length of about 150 
meters. I sually such lengths are not possi¬ 
ble or are undesirable by virtue of at¬ 
tenuation, and either the line is made 
sufficiently short or its length critically 
adjusted or the standing wave on it re¬ 
duced so as to cause operation to occur 
at a single frequency. Studies have been 
made of the transient conditions prevail¬ 
ing near the beginning of a pulse when, 
in establishing the steady state, the suc¬ 
cessive reflections are returning to the 
magnetron and. as a consequence, its fre-

FIG. 36. Schematic diagrams showing three types of tuning schemes which have been used in 
magnetron resonator systems. The views represent sections on a diametral plane through the 
anode structure. The cathode is shown in the center of each part of the figure. The resonators are 
of the hole-and-slot type, (a) Shows the scheme involving variation of the inductance by means 
of tuning pins; (b), the scheme involving variation of resonator capacitance; and (c), I hat involving 

variation of strap capacitance. The last two schemes employ a cookie-cutter shaped member. 

phase change of r/2 radians, the light 
«lashed lines labelled f1 and f2 in Fig. 35 
represent the load characteristics, and 
oscillation can occur at only one fre¬ 
quency with p equal either to 0.2 or 0.5. 

If one considers the relationships de¬ 
picted in Fig. 35. it becomes clear that 
there are two critical relationships be¬ 
tween p and F. 'I'lie first specifies flic 
values of p and f which, if exceeded, 
makes oscillation possible at more than 
one frequency at all phases of the load 
reflection coefficient. The second specifies 
the values of p and f which must not be 
exceeded if oscillation is to be possible at 
only one frequency for all phases of the 
load reflection coefficient. This latter 
relation between p and f is that for which 
the slope of the load line is equal to the 
slope of the magnetron characteristic at its 
point of inflection. 
From what has been said, it would ap-

pear that the use of long load lines is to 
be avoided if at all possible. If the magne¬ 
tron is pulsed and the line is sufficiently 

quency is changing. Except in a limited 
region on the Kieke diagram where opera¬ 
tion is completely uncertain, it has been 
shown that the magnetron will settle down 
to operation at one frequency dictated 
by the phase of the first reflection, even 
if oscillation at two frequencies by the 
previous analysis is possible, Gaps in the 
tuning curve of a tunable magnetron 
correspond to the periodic traversal of 
this uncertain region as the frequency is 
varied and the load reflection coefficient 
moves around a constant p circle on the 
Kieke diagram. 

10.3 Magnetron Tuning: To tune the 
magnetron oscillator it is necessary to 
vary a susceptance somewhere in its cir¬ 
cuit. It has already been observed how 
variation of load admittance when re¬ 
flected into the resonator system as a 
susceptance change results in frequency 
pulling. Although for other reasons this 
variation is usually limited by output 
circuit design to the order of 0.1 % of the 
operating frequency, it could be increased 
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and used in special instances as a means 
of tuning the magnetron. Similarly the 
susceptance of a stabilizing cavity coupled 
into the resonator system can be varied 
by tuning the cavity. This method in 
general enables one to lune over a wider 
range than does variation of load suscep¬ 
tance. since the resonator system is usually 
more tightly coupled to the stabilizing 
cavity than it is to the load. 

I’he largest tuning ranges have been 
attained, however, when it has been ar¬ 
ranged to vary one of the frequency-
determining parameters of the magnetron 
resonator itself. Schemes have been de¬ 
vised which alter primarily either the 
inductance or the capacitance of the 
resonant cavities. Variation of the induct¬ 
ance has been found more convenient 
at the shorter wavelengths, and variation 
of the capacitance easier at longer wave¬ 
lengths. 

Variation of the inductance can be ac¬ 
complished by the insertion of a conduct¬ 
ing pin into each resonator where the HF 
magnetic lines of force are concentrated. 
In a system of hole-and-slot type resona¬ 
tors, it is arranged to move the pins in 
and out along or near the axes of the 
holes. Such an arrangement is shown 
schematically in Fig. 36 (a). As the pins 
are inserted they reduce the volume avail¬ 
able for the magnetic Hux. thus reducing 
the inductance and increasing the fre¬ 
quency. Tuning ranges as great as ±7% 
of the mean frequency have been attained 
by this means. In spite of the fact that 
the ratio of strap-to-resonator capacitance 
remains nearly constant, the separation 
of mode frequencies, as might be expected, 
decreases with increasing frequency be¬ 
cause of the increase in strap in Jactance 
resulting from increase of its electrical 
length. The effect is not so large, however, 
that with reasonable tightness of strap¬ 
ping. difficulty is encountered with mode 
frequency separation. 

Variation of the capacitance can be 
accomplished by moving a member in the 
vicinity of the region of large distributed 
capacitance of the resonators. One such 
tuning scheme is that shown in Fig. 36 
(b) in which a member shaped like a 
cookie-cutter is moved in and out of 
annular grooves in one end of the resona¬ 
tor block, the other end of which is usu¬ 
ally strapped. As the member is inserted, 
the mode frequencies decrease. I’he fre¬ 
quency range available for tt mode opera¬ 
tion is limited by the fact that the fre¬ 
quencies of mofles of smaller II, which are 
normally higher than that of the tt mode, 
change faster and eventually cross the ir 
mode frequency. 
To un lerstand what determines the 

frequency of resonance in any mode, it 
is sufficient to consider the inductances 
and capacitances present in the average 
sector of the resonator system across 
which there is a half-wavelength azi¬ 
muthal variation of HF potential with 
an extremum at either end. In the <r mode 

of an A = 8 resonator system, one can 
thus consider one-eighth of the system, 
namely, a single resonator: in Ilie a = 1 
mode, one can consider half of the reso¬ 
nator system. In the case of the half¬ 
wavelength sector for the n = 1 mode, 
across which the potential varies mono-
tonically (see Fig. ¿3). the four resonators 
can be considered as connected essentially 
in series, making up an equivalent resona¬ 
tor oscillating at the n = 1 mode fre¬ 
quency. If one considers further, for the 
sake of argument, that there is no cou¬ 
pling between resonators, all the modes 
would have the same frequency, but the 
net inductance and capacitance of the 
equivalent resonator for each mode 
of periodicity n would be proportional 
to A -in and 'n A, respectively. Thus, 
for the » = 1 mode, the equivalent L is 
four times and the equivalent C is one-
quarter of the respective values for the ir 
mode, 'i’he tuner capacitance, added to 
the equivalent resonator for the n = 1 
mode, on the other hand, can be consid¬ 
ered to be approximately a series-parallel 
arrangement of capacitances, each of 
which is that between the tuner and one 
anode segment Cp: the two parallel ca¬ 
pacitances at the positive anode seg¬ 
ments connected in series through the 
tuner ring with the two parallel capaci¬ 
tances at the negative anode segments, 
the combination having a net capacitance 
Cp. For the a mode, the net tuner capaci¬ 
tance added per half-wavelength poten¬ 
tial variation is made up of two capaci¬ 
tances. each of magnit ode one-half of 
that between the tuner and one anode 
segment, connected in series through the 
tuner: the net tuner capacitance is thus 
Cp 4. 

By similar reasoning for any mode, one 
can conclude that the added tuner ca¬ 
pacitance per half-wavelength sector in¬ 
creases as it decreases, while the net 
resonator capacitance across which the 
tuner is shunted decreases as n decreases. 
In this way. the increased effectiveness 
of the tuner in varying the mode fre¬ 
quencies of the low periodicity modes is 
accounted for. In actuality, the resona¬ 
tors in the half-wavelength variation of 
HF potential are not in simple series 
connection because of the phase rela¬ 
tions between them; the approximation 
improves for smaller n. Also because of the 
phase relation between adjacent resona¬ 
tors. the adjacent tuner-to-segment ca¬ 
pacitances are not charged to the same 
potential, and so are not actually in sim¬ 
ple parallel connection. Furthermore, the 
coupling between resonators is important. 
These considerations modify the above 
argument somewhat, but do not affect 
the conclusions reached as to the trend 
of timing tor the different modes. In all 
the tuning schemes described, second 
order effects come in through change in 
the electrical lengths of the straps an I 
tuner as the frequency is varied. 

If one arranges to vary the character¬ 

istics of the straps by means of a movable 
tuning member as in the scheme of Fig. 
36 (c). considerably greater tuning ranges 
can be achieved than by the means just 
described. In this instance, the straps 
are enlarged to channels of I -shaped 
cross section, in and out of which the 
tuning member of cookie-cutter shape is 
driven. The effect of insertion of the tun¬ 
ing member is to increase the capacitance 
per unit length of the strap system by 
increasing the interstrap capacitance, and 
to decrease the inductance per unit length 
by effectively increasing the eross-sec-
tional area of the straps. The effects of 
these changes upon the mode frequencies 
can be seen from the considerations of the 
effect of straps on the mode frequencies 
of the unstrapped resonator system al¬ 
ready discussed. The increase in strap 
capacitance increases the wavelength of 
the >r mode; the decrease in strap induct¬ 
ance decreases the wavelength of modes 
of smaller n. As the tuning member is 
inserted, the mode frequencies separate, 
and no limitation on the range of opera¬ 
tion in the ir mode is imposed by interfer¬ 
ence from other modes. This means has 
been used for tuning ranges of better 
than ±6%, but there is nothing inherent 
in the scheme to prevent its use for 
ranges considerably in excess of this 
value. 

'riming of the magnetron resonator 
system by any of the means described 
above alters its characteristic admittance 

}'i,c = y C !.. and hence the stored 
energy. For fixed output coupling and 
load admittance this amounts to a va¬ 
riation of the effective loading as specified 
by the external Q. In some cases, at¬ 
tempts have been made to compensât" 
for this by designing into the output cir¬ 
cuit a frequency characteristic which 
keeps the external Q. and hence the pull¬ 
ing figure, more nearly independent of 
frequency. 

Fach of the tuning schemes described 
above is adaptable to precise and specific 
frequency adjustment or to frequency 
variation at a slow rate. For tuning over 
small ranges it is possible to vary the 
magnetron frequency electronically, ena¬ 
bling one to frequency-modulatc its out¬ 
put at a high rate. Of the schemes tried 
for this purpose there may be mentioned 
that in which an intensity-modulated 
electron beam of a specific velocity is shot 
parallel to a superposed DC magnetic 
field through one of the magnetron reso¬ 
nators or a closely-coupled auxiliary 
cavity. 

Concerning the variation of magnetron 
operating frequency will be mentioned 
finally the shifts which are brought about 
by temperature variations of the resona¬ 
tor block. Since the resonator system is 
generally constructed entirely of copper, 
it expands or contraéis uniformly with 
temperature and the frequency shifts are 

(CONCLUDED ON PAGE 65) 
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CAROLINA DISTRIBUTORS ORGANIZE TO PUSH FM 

OX February £3r<l. the day W BT-FM 
Charlotte went on the air. some 55 

distributors covering the Carolinas formed 
the Charlotte Radio & Appliance Dis¬ 
tributors Association, for the purpose 
of accelerating FM set sales. This action 
was taken at a luncheon given Ity W BT-
FM. after WBT general manager Charles 
II. Crutchfield had outlined a unique 
plan for cooperation between the FM 
station and the distributors. 
Officers in the photograph above are, left 
to right: steering committee members 
C. 1). Mitchell, president. Southern 

Appliances (Majestic), and A. K. Sutton, 
president. A. K. Sutton (I’hileo); vice 
chairman .J. !.. Pleasants, vice president, 
Allison-Erwin (Zenith); chairman J. I*. 
McMillian, president. Southern Radio 
(RCA); steering committee chairman 
R. L. Chapman, president. Chapman-
Wilhelm (Stromberg); and secretary¬ 
treasurer Enloe McClain, president. Mc¬ 
Clain Distributing Company (Admiral). 
This is probably the first distributor 
organization of its kind in the I nited 
States. 
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REL is the ONLY transmitter manufacturer 
offering the unequalled advantages of the 
Armstrong Dual-Channel Modulator 

' I *HERE are probably a dozen different 

ways to modulate an FM transmitter. 

On paper, each may have some theoretical 

advantage. 

During the present rush to get any kind 

of FM signals on the air, the many short¬ 

comings of contemporary transmitters are 

bound to be overlooked by FM listeners. 

However, the FM transmitter you buy 

now can’t be written off until long after 

this temporary condition has passed. 

What then? How will your transmission 

quality compare with other stations when 

listeners have a choice of fine, live-talent 

shows? 

Specifically, how will your programs 

sound in comparison to stations using 

REL transmitters and the simplified Arm¬ 

strong Dual-Channel Modulator? And will 

your program quality be an asset or a 

liability to your time sales department? 

The Armstrong Dual-Channel Modu¬ 

lator is a simplified circuit which 1) 

provides direct crystal frequency-control 

without the uncertainties of motor-driven 

correctors or tubes of complex design, 2) 

reduces distortion to a maximum of 1% 

at 50 cycles, dropping to a value too small 

to measure in the middle and upper ranges, 

and 3) affords such a wide latitude of 

non-critical adjustment that all tuned cir¬ 

cuits in the modulator can be detuned 30% 

without any audible change in program 

quality! 

Before you decide on any type of FM 

transmitter, ask us to give you detailed 

information on REL transmitters with the 

simplified Armstrong Dual-Channel Mod¬ 

ulator, and complete REL microphone-to-

antenna installations. 

rEl 
RADIO ENGINEERING LARS., INC. 
LONG ISLAND CITY 1 . NEW YORK 

Telephone: AStoria 8-1010 
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Some are 

hown on the following 
in the simplified Arm-

We are pleased to acknowledge the assistance 
and cooperation rendered by the suppliers 

system of crystal frequency control. Others are 
employed in the audio and power circuits to pro¬ 
vide the stamina for which REL FM transmitters 
have been famous during the past 9 years. ABOVE: THE SIMPLIFIED ARMSTRONG DUAL-CHANNEL FM 

MODULATOR UNIT, FURNISHED IN REL TRANSMITTERS OF 

ALL POWER RATINGS 
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Component Parts of 
REL Transmitters 

THREE GOOD REASONS 
FOR 

INDUSTRIAL CAPACITORS 
First—FM equipment must meet higher engineering standards 

as set forth by the Federal Communications Commission. 

Second—Industrial Oil Wax and Electrolytic Capacitors 

are used in FM equipment approved by the FCC. 

Third— Industrial Ca¬ 

pacitors have been se¬ 

lected for their quality 

performance, dependa¬ 

bility and long life. 

REL 250 Watt and 1 KW High 

Fidelity Broadcast Transmitter 

Specifications as approved by 

The FCC call for 

INDUSTRIAL QUALITY 
CAPACITORS 

INDUSTRIAL CONDENSER CORPORATION 
3243 North California Avenue 

CHICAGO 18, ILLINOIS 

HIGH-FIDELITY FM DESIGNS 
(CONTINUED FROM PAGE 35) 

model could so outperform any AM radio, 
at any price, that it would be easier to sell 
it on time payments than those table 
models now retailing lor $34.50. 

2. Price Range ★ A complete price range of 
FM-AM models would include two. or at 
the most, three chassis, with a choice of 
speakers and amplifiers. These units could 
be combined in various ways to provide a 
selection as to sensitivity, audio quality, 
and power. T his would enable dealers to 
trade up their customers. The low end of 
the price range would be within the means 
of almost any customer. The high end 
would deliver performance to suit the 
most exacting customer as to sensitivity 
ami high-fidelity reproduction. 

3. Yearly Models * ( 'on vent ional cabinets, 
unless they are very expensive, have a 
style life of only a year. Some prove to 
be lemons from the start. Few models can 
be carried from one season to the next by 
the dealers. Those left over must be 
dumped at a loss. Styles that looked good 
to a dealer may be those that his cus¬ 
tomers won t consider. Probably he’ll 
want to exchange them. At least he’ll be 
reluctant to pay for them. If he's stuck, 
he may drop the line next year. 

In short, cabinet styles are the source of 
most headaches. Even when a model really 
rings the bell, that’s bad because it is so 
difficult to step up cabinet production 
quickly. Taking radio receivers out of the 
furniture class will simplify the greatest 
problem which has plagued manufacturers 
and dealers since radio outgrew its early 
construction-kit stage. 

4. Size * Perha|>s the principal reason that 
so many people endure wretched tone 
quality from broadcasting and records is 
that they haven’t room for those veritable 
arks required to house good phono-com¬ 
binations. This applies as much to apart¬ 
ment dwellers as to those who own small 
homes. There are literally millions of 
living rooms in apartments and private 
houses that have all-too-lit tie space left 
over when a table or two, some chairs, 
and a couch are moved in. How then, can 
they add more than a pint-size radio? 
Those sets that look like chest s of drawers, 
but aren’t, or those great cabinets in which 
nothing can be stored, however beautiful 
they are, can’t be hung from the ceiling! 
So people buy little sets that can be 

tucked away conveniently. As for the 
service they render -well, they don't 
sound so bad for getting the news, but 
they're not much good for anything else. 
Like the small record-players, the musical 
reproduction soon inspires most people to 
the scream ing-meamies. 

However, there is always a place to put 
a plain speaker cabinet, even if it has to go 

(CONTINUED ON PAGE 53) 
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Component Parts of 
REL Transmitters 

HIGH-FIDELITY FM DESIGNS 
(CONTINUED FROM PAGE 52) 

in the corner behind a chair, and there's 
always a spot for the small, associated 
radio chassis, phis a fine record-ehanger, 
as the accompanying illustrations show. 

5. Flexibility ★ The ease with which this 
proposed design style can be adapted to 
any home offers intriguing possibilities 
which will delight women customers. 
The simplest arrangement is shown in 

Fig. 1. I he loudspeaker would be supplied 
in an unfinished case, to be painted or 
stained the color of the woodwork of the 
room where it is to lie used. I hus it would 
be as inconspicuous as a radiator cover. 
The radio chassis, in its steel box, might be 
finished in black or brown crackle, with a 
touch of chromium trim. It could be put 
on the speaker, or on a nearby table. 
Mounting the power supply and final 
amplifier in the base of the speaker would 
keep down the size anil weight of the 
chassis. Also, it would permit a choice of 
amplifiers, as to fidelity and power. 

Fig. 2 shows simple variations of this 
plan. The loudspeaker is in a case designet! 
with lines so simple as not to be in conflict 
with any style of furnishings. I he doors, it 
will be noted, are hinged so that they can 
be swung back against the sides of the 
ease. 

Space above a closet is an excellent 
speaker location, since it provides an open 
space at the rear. Again, the cabinet maker 
can design and construct the grille work 
and do what is necessary to open up the 
wall above the door. There is no end to the 
decorative possibilities ot this kind of 
speaker mounting. 
A third type is the wall-mounted 

speaker. This is the decorator's delight, 
since the treatment oi the frame and 
grille can be as simple or elaborate as the 
owner desires. 
There is an acoustic advantage to such 

speaker location, loo. since the distribu¬ 
tion of the higher frequencies is much 
wider than when a speaker is mounted 
near the floor. 

Summary * The accompanying sketches 
have been purposely rendered in a very 
free style, so that each person can read 
into them his own ideas. It was not my 
intention to pin down these suggestions 
as to details of execution. Rather, they are 
intended to show that the elimination of 
radio furniture as such, and particularly 
the extremes represented in borax styles, 
actually open up a broader scope for the 
work of the designer. At I he same time, the 
plan offered here has fundamental ad¬ 
vantage to manufacturers and dealers, as 
well as to their customers. 

Il is a thoroughly practical plan. OI 
special interest in this connection is the 
new tilt- to 15.<MM)-cycle Western Electric 
speaker shown in Fig. 5. Also illustrated is 

(CONCLUDED ON PAGE 54) 

AS FINE JEWELS 
RELATE TO A 

PRECISION WATCH 

So, in this top-flight RELF-M station equipment, 
Sickles relatively infinitesimal components of' in¬ 
ductance and capacitance, hidden by cabinet doors 

a n d m e t a 1 
shields, stand 
guard along the 
tortuous path 
from Artist’s 

voice to prop¬ 
erly modulated 

signals in space. 

The F. W. SICKLES COMPANY 
Chicopee, Massachusetts 
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component Farts ot 
REL Transmitters 

High-fidelity FM calls for 
high-quality components 

Selection of the crystal units used 
in REL equipment for FM broad¬ 
cast service was made strictly on 
the basis of quality and perform¬ 
ance. Bliley crystals meet the 
exacting standards imposed by 
REL and were chosen for use in 
both the FM transmitters as well 

as the FM frequency monitor cur¬ 
rently being produced. 

Type TC92 temperature stabilized 
crystal units provide the accuracy 
and long life dependability required 
in the REL broadcast transmit¬ 
ters. Type ART temperature sta¬ 
bilized crystal units furnish the 
peak precision and stability 
required in the FM frequency 
monitor. Both units exemplify the 
craftsmanship and reliability that 
are expected in Bliley Techni-
quality crystals. 

Bliley creative engineering has long 
set the pace in crystal control ap¬ 
plications. That’s why design engi¬ 
neers agree that it pays to specify 
Bliley crystals for every frequency 
control service. 

BLILEY ELECTRIC COMPANY • UNION STATION BUILDING, ERIE, PA. 

HIGH-FIDELITY FM DESIGNS 
(CONTINUED FROM PAGE 53) 

ii cabinet for Illis speaker which is ideal 
for use with an independently-mounted 
radio chassis. 

In ease you are inclined to say. “Well, 
it sounds good, but no one will do it," let 
me point out that a start has been made 
already. In fact. Fig. 1 was drawn from 
the new BEL receiver and Altec speaker 
which Frank Gunther is looking at in Fig. 
(>! This particular receiver is intended for 
broadcast station monitoring service. De¬ 
signed for home use. it could be reduced 
to perhaps one-half that size. 

Finally, in equipment such as this new 
REL-Altec combination, the emphasis is 
on engineering and performance, to the 
advantage of all concerned, and not on 
furniture, which has been a pain in the 
neck to everyone. That is why I believe 
that this angle of approach will answer 
the industry’s \o. 1 postwar need. whk Ii 
is to give American listeners the full 
benefits of FM reception at a price low 
enough to open up a mass market. 

48-CHANNEL TRANSMITTER 
(CONTINUED FROM PAGE 30) 

variation due to the drift of the elements 
ot the discriminator connections with 
temperature, etc. The fact that this forms 
no obstacle to the regulating action of 
the whole is due to the fact that the dis¬ 
criminator reacts to the absolute changes 
of the oscillator frequency. Even if the 
discriminator frequency fu should drift 
proportionately just as much as the os¬ 
cillator frequency f„ does with no regula¬ 
tion. the absolute variations of the latter 
are still 36.!) 4^18 times as large as 
the drifts of f,]. 

Coupling Between Successive Valves * For the 
coupling together of the various tripli-
cator and amplifier stages, a new method 
has been employed which offers impor¬ 
tant advantages. In order to explain the 
particulars of this coupling, let us con¬ 
sider Figs. 4A and 4B. in which a coupling 
according to the usual method and one 
according to the new method are shown 
side by side. For the sake of simplicity, 
ordinary stages, not push-pull, are as¬ 
sumed, and all elements only of impor¬ 
tance for the DC voltage situation are 
omitted. In the ordinary coupling, the 
amale of the first and the grid of the 
second valves are connected directly with 
each other, while between this point and 
earth a tuned parallel circuit is connected. 
1'he internal self-inductions LA and Lo of 
the valves, which arc indicated with dotted 
lines in Figs. 4A and 4B, may be dis¬ 
regarded for the present. In the new 
coupling, on the other hand, the tuned 
circuit is formed by the self-induction L 
and the connection in series of the internal 
valve capacities CA and Co. In Figs. .»A 
ami 5B the situation in the two cases is 

(CONTINUED ON PAGE 58) 
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Lomponeni rans oí 
REL Transmitters 

snncnmo PAPER TUBULAR CAPACITORS 
ARE ROUI mOLDED in PLHSTI [ 

completely sealed out. No wax to run at 

sniwnmo plástic tubulars WITH 

WRITE NOW for the New Songamo 

Capacitor Catalog for full information 

on the Sangamo Line. 

NO WAX TO MELT. ...even heat as In¬ 

tense as is encountered in soldering, 

will not cause leakage in the case or 

at the lead joint. 

higher ambient temperatures. Smooth finish 

prevents catching dirt and dust. All in all, 

PlasticMolding assures longer life and lower 

power factor. Specify Sangamo Plastic 

Molded Capacitors wherever you use Paper 

Tubulars. 

LEADS WILL NOT PULL OUT ... Plastic 

Molding so tightly seals the leads in 

place, that under all conditions of nor¬ 

mal use, leads will stay put. 

Paper Tubular Capacitors, molded 

in Thermo-Setting Plastic! Designed for use 

in all circuits calling for Paper Tubulars. 

PlasticMolding means no leakage. Capacity 

values remain more stable and moisture is 

SANGAMO ELECTRIC COMPANY ILLINOIS 
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Component Parts of 
REL Transmitters 

Only Quality Counts ... 
the reason why 

RADIO ENGINEERING LABS, INC. 

has standardized on 
KAIHO-MISK COICPOKATIOX 

PARA-FLUX 
REPRODUCERS 
for their Transcription Consoles 

I'M Quality can be assured through 
the use of any Reproducer il I list rated 

\ ertical ( )nl> 
Reproducer 

Lateral <)nh 
Reproducer Reprod ucer 

\ll three types are interchangeable with the Model 

\-16 \RM and Model EL-I EQUALIZER shown below 

Fu II v descriptive and illustrated Hulletin mailed upon request 

RADIO-MI SIC COHPOHATION 
EAST PORI CHESTER • COWECTICl I 
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Component Parts of 
REL Transmitters 

SEVERE MECHANICAL SHOCKS 

the applications. 

ified by heat and 
corrodes copper 
transformer life. 

Transformer's Settled in Steel con¬ 
struction is being specified with 

C.T.’s exclusive Bushing-Gasket Seal at terminals employs 
tough resilient gaskets to permanently seal all openings 
and to cushion terminals and bushings against mechanical 
shock or drastic changes in temperature. (No cracking 
because of sudden heat transfer from soldering iron to 

... in short, constructed 
to lust under the worst ot 
operating conditions. 

increasing frequency by engineers 
who design electronic equipment 
for only average, or normal, con¬ 
ditions, but who, because of the 
vital services performed by their 
products, require an extra margin 
of dependability. 

Their reasoninf/ — 

direct current potentials, 
coil windings, shortens 

(a) \\ ater vapor, oxygen, and carbon 
dioxide exist in all atmospheres; chlorine 
and sulphur compounds in the air of in¬ 
dustrial localities. 

(b) The action of these agents, intens-

‘Im/ieuwu TO ATMOSPHERIC MOISTURE 

AGAINST INDUSTRIAL FUMES . . . 

^ta^ected BY EXTREME HEAT OR COLD 

(c) Moisture, even when not excessive 
in the air. frequently condenses on the 
inside of partially sealed or unsealed cases 
and shields as the result of variations in 
temperature. 

Their conclusion — 
It is good engineering to specify the 

transformers that have met with oulsland-

terminals during chassis assembly operation.) 

©Seamless, Drawn Steel Case and C.T.-innovated Deep 
Seal Base Cover provide a strong, impenetrable housing 
which, with its compact, modern, and streamlined “good 
looks,” helps sell the equipment in which it appears. 

A Coil is impregnated by a process using heat and alternate 
cycles of vacuum and pressure. By use of vacuum, all 

ing success the most rigid military tests for 
sealing against corrosion, have been proven 
to stay sealed in extremes of heat and cold 
. . . Chicago Transformers, Sealed in Steel. 

moisture is withdrawn from the coil, while pressure and 
heat thoroughly impregnate it with wax or varnish. Supe¬ 
rior to ordinary impregnation processes, this method 
insures that the transformer is potted without moisture 
trapped inside. 

CHICAGO TRANSFORMER^ 
3 50 1 ADDISON STREET • CHICAGO 18, ILLINOIS 
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REL Transmitters 

rekQkut 
incorporated in REL 
equipment on display 
at the clinic held at 
the REL Laboratory 

MODEL "V” 
DeLuxe 

RECORDING 
TURNTABLE 

with 

Mastermatic 
SHIFT 

★ 

MODEL "M-5” 
DeLuxe 

CUTTING 
MECHANISM 

with spiral 
attachment 

★ Write for illustrated Literature to-day 

146 GRAND ST., NEW YORK 13, N. Y. Export Division: MORHAN EXPORT CORP. 
458 Broadway, New York 1 3, N. Y. 

48-CH ANNEL TRANSMITTER 
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shown still more concisely. Let ns first 
consider Fig. 51L 'Tile high-frequency 
voltage between the points A and B is 
mainly determined by the oscillation of 
the circuit, but the potentials of these 
two points fluctuate in opposite phase 
with respect to earth due to the obtrusion 
of earth potential at point 0 in the middle 
of the circuit capacity. From this it follows 
that also in the middle of the circuit 
self-induction there must be a point 1’ 
which remains at earth potential during 
oscillation and thus has no high-fre¬ 
quency voltage.4 The position of P on the 
self-induction L is determined by the 
ratio of the capacities CA and Cq. On the 
other hand, turning to Fig. 5A, it is 
evident that in the old coupling connec¬ 
tions no such non-voltage point can be 
found. Even if the self-inductions LA and 
Lq are taken into account, this fact is not 
altered. 
The occurence of a non-voltage point 

in the new method of coupling oilers the 
possibility of dividing the transmitter 
constructionally into two parts at a non¬ 
voltage point between two valves and 
assembling the two parts, for example, in 
separate panels. The connection between 
the two panels then carries no high-fre¬ 
quency voltage (high-frequency current 
does, however, flow through it) and there¬ 
for no undesired couplings or radiation 
can occur. If such a division were made 
at a point which was not voltage-free, 
the connection would have to be shielded 
against the effects mentioned, and a large 
extra circuit capacity would thereby 
be introduced, in general resulting in a 
loss of amplification. I*’or this reason, it is 
very difficult to divide the connections 
when the old method of coupling is used. 

Another advantage of the new method 
of coupling is of particular importance at 
very high frequencies. Since in this ease 
the capacity and or self-induction of the 
coupling circuit must become very small, 
the contributing, unavoidable capacities 
and self-inductions of the valves begin to 
play an important part. Fig. 4A cannot 
then be reduced to the simple situation of 
Fig. 5A. because of the presence of LA 
and Lo, which can no longer be ignored. 
The ordinary connections are now in 
principle more complicated than a simple 
L-C circuit, and in practice it proves 
difficult to obtain sufficient amplification 
with them. This is understandable when 
it is borne in mind that at very high 
frequencies Lg niay already be approxi¬ 
mately in resonance with C|; . The timed 
parallel circuit L-C. whose task it is to 
furnish a high impedance for the circuit 
frequency, is then, as it were, short-

(CONCLUDED ON PAGE 61) 

4 Strictly speaking this is not true. If the losses of 
the circuit elements are taken into account it is found 
that there is a certain residual voltage. This is very 
small, however, compared with the circuit voltage. 
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NEW SYLVANIA TECHNICAL MANUAL AVAILABLE NOW-
FULL OF ESSENTIAL RADIO TOBE DATA 

SYLVANIA NEWS 
Circuit Engineering Edition 

AR. Prepared by Sm AMA ELECTRIC PRODUCTS INC., Emporium, Pa. 1947 

Handy Volume Describes Over 450 Tubes— 
Contains Valuable Information for Circuit Designers 

The bigger, better -than -ever new 
Sylvania Technical Manual is avail¬ 
able now. 

The large number of tube types 
listed (old and new)—over 150—has 
been made available as a result of 
extensive and careful study of radio 
tube characteristics and applications. 

IMPORTANT 
INFORMATION 

Contents of this descriptive manual 
include: Fundamental Properties of 
Vacuum lubes; Characteristic 
Curves; General Tube and Circuit 
Information; Resistance Coupled 
Amplifier Data—and many more — 
all of great interest to circuit design¬ 
ers and equipment manufacturers. 

AVAILABLE 
NOW 

We urge you to get a copy right 
away—because we know you 11 find 
this volume chock-full of invalu¬ 
able information. 

Available from your Sylvania Tube Distributor or directly from Radio Tube Division, Emporium, Pa. 

SYLVAN 1 ANELECTRIC 
MAKERS OF RADIO TUBES: CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS. FIXTURES. WIRING DEVICES; ELECTRIC_LIGHT_BULB5_ 
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• Resistance welding is speeded up 
by this new Raytheon Electronic Syn¬ 
chronous Control. Spot, seam or pul¬ 
sation timing are also provided from 
the same cabinet. 

Clare Relays were chosen by Raytheon 
Manufacturing Company of Waltham, 
Mass., for this new modern unit be¬ 
cause of their accurate, efficient and 
dependable operation. Clare com¬ 
pact, clean-cut design met Raytheon 
demands that all components contrib¬ 
ute to the ease and convenience of use, 
the flexibility of application and 
streamlined appearance. 

Four Clare Type "C” d.c. Relays and 
one Clare Type "A" a.c. Relay, shown 

Illustration shows use of 
Clare Relays in Raytheon 
Synchronous Control Cabinet 

CLARE RELAYS 
Help Provide Accurate and 
Dependable Operation for 
RAYTHEON Electronic Welding Control 

in this drawer type se¬ 
quence timer, are supplied 
by Clare with coil wind¬ 
ings, contacts and all spe¬ 
cial adjustments to meet ex¬ 
act Raytheon requirements. 

This use of standard Clare Relays 
with modifications to meet the job at 
hand is what we mean by Clare "cus¬ 
tom-building.” It is available to you 
for your unusual relay requirements. 
Expert Clare sales engineers are lo¬ 
cated in principal cities. Let us know 
your problem. Address: C. P. Clare & 
Co., 4719 West Sunnyside Avenue, 
Chicago 30, Illinois. In Canada: 
Canadian Line Materials Ltd., Toronto 
13. Cable Address: CLARELAY. 

Sg'S; 

CLARE RELAYS 
"Custom-Built” Multiple Contact Relays for Electrical and Industrial Use 



48 CHANNEL TRANSMITTER 
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circuited by the low impedance of the 
series circuit Lg-C<¡. Measures for over¬ 
coming these difficulties are known, but 
they only result in making the circuit 
still more complicated, more extensive, 
ami more difficult to manipulate. When 
we compare this method with the new 
coupling according to Fig. 4B. we sec that 
the presence of La and Lg does not alter 
anything in the principle of the connec¬ 
tions ami only makes it necessary to 
choose the external self-induction I. some¬ 
what smaller than the total circuit self-in¬ 
duction desired. Even if Lg or perhaps 

Construction * If a transmitter is to serve 
as part of a carrier telephone system, it is 
desirable that its external form should be 
adapted to that of the carrier telephone 
apparatus. In the case in question, the 
transmitter had to be housed in a rack of 
certain dimensions with the components 
mounted on panels of a certain length and 
width which could be slid into the rack 
from front and rear. Similarity in ex¬ 
ternal appearance, however, can never be 
complete. For carrier telephone apparatus, 
the available space in every panel is al¬ 
most completely filled with the parts of 
the different filters, modulators, repeaters, 
etc. However, because of the much higher 
frequencies, the components of the trans-

that the rather large amount of heat 
developed in it shall not cause any dif¬ 
ficulties in the transmitter part proper. 
The transmitter also contains too many 
component s to be housed on one panel of 
ordinary size. As a consequence of the 
above-mentioned method of coupling be¬ 
tween successive stages, the transmitter 
could without difficulty be divided and 
housed in two separate panels, one above 
the other. This can be seen in Fig. 7 
underneath the high tension supply unit. 
Fig. 8 shows the rear of Ilie transmitter 
panels with the parts of the two coupling 
coils (push-pull connections. Fig. (!) in 
each panel. 

Below the transmitter panels is the 

FIG. 7. TRANSMITTER AND RECEIVER ASSEMBLY. FIG. 8. PART OF THE TWO TRANSMITTER PANELS AS THEY APPEAR FROM THE REAR 

only a part of it is of itself tuned to Cq, 
in the main everything remains un¬ 
changed. It means really nothing else 
than that tlie above-mentioned non-volt¬ 
age point thi'ii lies exactly at the valve 
terminal or somewhere in the internal grid 
feed connection, as the case may be. It 
is then no longer possible to divide the 
connections at that point, but the action 
of the amplifier stage is not at all affected. 
It would only become troublesome if a 
negative value should be required for the 
external self-induction L. But since Ca 
is usually much smaller than C<¡. the 
self-induction necessary to tunc (’a, i.e., 
the self-induction between flic anode and 
the non-voltage point, is generally large 
enough to cover, in addition to the self-
induction La of the internal anode feed 
connection, a positive external self-in¬ 
duction as well. 

Fig. 6 shows the complete connections 
of a push-pull amplifier stage with the 
new coupling method. 

mitter must in general be spread out over 
a certain area in order to provide sufficient 
mutual intervals to prevent undesired 
couplings. One may speak here of surface 
assembly in contrast to the volume as¬ 
sembly in the apparatus for carrier tele¬ 
phony. 

In this way one arrives at the con¬ 
struction shown in Fig. 7. The com¬ 
ponents are mounted side by side in each 
panel in a single plane, or froid plate. 
This lies fairly deep in the rack, so that 
the different valves, coil cans. Lecher 
systems, etc., situated on the front of the 
plate are well protected against undesired 
contact or shocks without it being neces¬ 
sary to place a cover plate in front of the 
rack, as this would hinder the dissipation 
of the heat given off' by the valves. 
The uppermost panel of the installation 

is actually double, occupying the entire 
depth of the rack in order to offer space 
for the high tension supply unit mounted 
therein. This is placed at the top in order 
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corresponding receiver, also on t wo panels. 
I pon inserting a panel all connections 

of the various signal and feeding voltages 
are automatically made by means of plug 
pins in the rack and sockets in the panels. 
I lie wires to the plug pins are led out at 
the side, where the wiring harness for the 
mutual connection of the panels is 
mounted. The details can be seen in Figs. 
7 and 8. A measuring instrument is 
mounted on each panel on which the 
cathode current of each valve can be 
checked by means of a switch. Thus it is 
possible to localize the cause of any inter¬ 
ruptions quickly, while the ageing of the 
valves can also easily be ascertained in 
good time. 1'his is necessary because the 
same requirements as to reliability are 
made of the transmitting apparatus as are 
made of the telephone apparatus itself. 

Editor’s Note: Hr expect to publish a 
description of the receiving equipment in a 
subsequent issue of I M and Television. 
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Radiotelephones 

INSTANT 

HEATING 

NUN!" 152-162 Mcfm 
Specifically «9"«l *' u'b” Mobile Sm” ’ 

★ Improved Voice Quality 

POLICE 

TRANSPORTATION FOREST & RANGE 

★ Higher Sensitivity 

★ Greater Noise Rejection 

★ Lower Battery Drain 

Tested and proved equipment specifically designed for the 
1 52-1 62 Me band is now brought you by the engineers who 
made instant-heating FM practical. The new KAAR FM-1 75X 
transmitter and FM-40X receiver are thoroughly engi¬ 
neered to do a better ¡ob in the urban mobile service band. 

You will hear a startling improvement in voice quality. 
A special circuit boosts the low tones, rounding out the 
voice quality to a naturalness that actually permits recog¬ 
nition of the speaker's voice! Controls are reduced to a 
minimum, making operation almost automatic! 

Service men will find that this new KAAR equipment 
requires a minimum of upkeep and repair. For quick check¬ 
ing and servicing dust covers can be removed by a quarter 
turn of two airlock fasteners. The entire chassis can be 
released simply by freeing two slide catches. 

KAAR instant-heating transmitters with zero standby 
current eliminate the need for costly special generators 
or extra batteries. Only about 4% of the current used 
by conventional equipment is needed. 

IMPROVED OVER-ALL FREQUENCY RESPONSE 
THROUGH KAAR FM TRANSMITTER AND RECEIVER 

FREQUENCY IN CYCIES PER SECOND 

SEND FOR NEW BULLETIN 

Write today for illustrated bulletin number 26-47 giving complete 
details of the FM-175X transmitter and FM-40X receiver. No obliga¬ 
tion, of course. KAAR ENGINEERING CO., 603 Emerson St., Palo 
Alto, California. 

READY TO GO INSTANTLY! 

KAAR ENGINEERING CO. 
PALO ALTO «CALIFORNIA 
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Efficient VHF radio communications is a must in modern railroading. Used to 
expedite freight and express service, it is cutting hours from schedules, 
and eliminating waste time and money in switching operations. 

Designed principally for use in the 152-162 me band by railroads for 
'train-to-fixed-station" and "end-to-end" communications, the new Ground Plane Antenna 
illustrated is foremost among many new VHF radio components and 
accessories perfected by Amphenol engineers. 

Providing maximum power radiation at low initial cost, this extremely rugged 
antenna consistently out-performs other antennas under normal and extreme conditions. It is 
easily and quickly installed, and has been thoroughly tested in main-line railroad installations. 

Danger from lightning or contact with power lines is eliminated, as 
this antenna is at ground potential. The nature of its radiation pattern 
insures uninterrupted service during sharp ”U" or "S" turns. 

The Amphenol Ground Plane Antenna is also widely used by police and fire 
departments, by forestry, geophysical, power and petroleum field crews, for mobile 
marine installations, and many others. It is available with Ground Plane Skirt, as shown, 
for installations where a large metallic mounting surface is not available. 

Write today for complete technical data on the Ground Plane Antenna, or for 
engineering aid in solving your VHF radio communications problems. 

AMERICAN PHENOLIC CORPORATION 
CHICAGO 50, ILLINOIS 

COAXIAL CABLES AND CONNECTORS ■ INDUSTRIAL CONNECTORS. FITTINGS ANO CONDUIT ■ ANTENNAS • RADIO COMPONENTS • PLASTICS FOR ELECTRONICS 
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When a little | 
means a lot | 

! 

I 
I 

bulletins, stating 
are interested. 

ratings, materials, constructiln, tolerances, write 
for comprehensive catalog 

products in which «you 

Whenever and wherever space is at a premium ... 
in shavers, hearing aids, pocket radios, guided^ 

missiles anti other radio, electrical or electronic 
devices ... you can use one or more of tlAse four 

miniature products IRC makes-by-Eie-million. 
For complete information, inducing dimensions, 

BTR Resistors MPM Resistors 

% watt for UHF. Resistance film permanently 
bonded to solid ceramic rod. Length 
only ’is". Diameter 'is". Available 
resistance values 30 ohms to 1.0 megohms. 

S 
T 
R 
A 
T 
I 
O 

% watt— insulated composition. Length 
only l3 32". Diameter 3s2". Resistance 
range 470 ohms to 22 megohms 
(higher on special orders). 

N 
s 

A 
C 
T 
U 
A 
I 

401 N. BROAD STREET 
IN CANADA INTERNATIONAL RESISTANCE COMPANY. LTD.. TORONTO, LICENSEE 

TYPE H Fingertip Control TYPE SH Fingertip Switch 

Similar to TYPE H Control (left) in appearance, 

’’is" diameter. OFF and 3 operating positions. 

ANCE COMPANY 
HIA 8, PENNSYLVANIA 

Composition volume or tone control, 
hs l3 Í6" diameter and ' overall 
depth include knob and bushing. 

Copyright, 1947, International Resistance Company 
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those attained by a uniform scaling of the 
resonator system by a very small factor. 
The temperature coefficient of frequency 
can readily be seen to equal the negative 
of the linear coefficient of thermal ex¬ 
pansion of copper. 

10.4 Elect runic Effects on Frequency: In 
Section t5.(> Induction by the Space Charge 
('loud, it has been seen that the electrons 
moving in the interaction space oi the 
magnetron oscillator contribute an ad¬ 
mittance connected to the resonator 
system. I lie magnitude ot the negative 
electronic conductance determines the 
energy delivered to the circuit and thus 
the amplitude of oscillation. Ihe elec¬ 
tronic susceptance. arising from the phase 
relation between the space-charge spokes 
and the maximum of the tangential re¬ 
tarding field, affects the frequency of 
oscillation. I nder equilibrium conditions, 
the magnitude of the current Im.- induced 
in the anode segments, its phase relative 
Io the KE voltage between the segments, 
ami the operating frequency adjust them-
selves such that this admittance F, = 
Ii.r I'at equals the circuit admittance F,. 
The induced KE current and its phase 
relative to the KE voltage both depend 
upon the parameters such as I and II. 
governing the electronic operation of the 
magnetron. The frequency change at 
constant load, arising from changes in I 
or II when divided by the change in the 
DC current / drawn by the magnetron, is 
called the frequency pushing, and is meas¬ 
ured in me s per ampere. 
A further effect ot flic electronic sus¬ 

ceptance is the shift of the resonant fre¬ 
quency lief ween the oscillating and non-
oscillating conditions of the magnetron. 
In general, the oscillating frequency is 
lower than the resonant frequency of the 
non-oscillating magnetron. Thus the elec¬ 
tronic susceptance is capacitive, with the 
space charge spokes moving somewhat 
ahead of Ihe field maxima during oscilla¬ 
tion. This shift in the resonant frequency 
is important in pulsed radar systems 
where the same antenna is used for both 
receiving and transmitting. An echo of 
Ilie Iransmit ted pulse on its return then 
encounters a high, oil -resonance imped¬ 
ance at the magnetron which absorbs 
very little of the returned energy. Most 
of Ihe received pulse energy is conse¬ 
quently made available to Ilie receiver. 
Eor some magnetrons, the shift off reso¬ 
nance is not sufficient, and oilier means 
such as the use of Ihe so-called ATK box 
are required to divert the received pulse 
energy into the receiver. 

10.5 Frequency Spectrum of a 1'ulsed, 
Magnetron: Only if a generator operates 
for an infinitely long time is its output 
monochromatic, that is, of a single fre¬ 
quency. The period of operation of a CM 
oscillator is generally long enough to 
make any deviations from this unob¬ 
servable. 

If. however, the oscillation is modu¬ 
lated. as in the case of pulser! magnetrons 
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for which the pulse duration is of the 
order of one microsecond, it is readily 
detectable that the output is poly¬ 
chromatic. ’with the energy distributed 
throughout a band of frequencies. The 
plot of the distribution in frequency of the 
energy generated is called the frequency 
spectrum. 

This state of affairs is perhaps made 
plausible if one considers pulsing the 
magnetron to be a very drastic means of 
amplitude-modulating its output. Al¬ 
ready, in connection with the case of two 
coupled circuits, it has been seen how 
amplitude modulation of an oscillating 
system in time has associated with it the 
distribution of the energy over more than 
one frequency. In an analogous but more 
complicated manner, a sinusoidal oscilla¬ 
tion which is amplitude-modulated by a 
nonsinusoidal pulse shape like that oi 

per cycle is dependent upon the amplitude 
of the oscillation. Considering the condi¬ 
tion for oscillation given by the first of 
equations (35), and expanding it to in¬ 
clude during buildup a term to account 
for the energy being stored in the resona¬ 
tors. one can derive a simple expression 
for the rate of increase of KE voltage 
amplitude. The energy stored in the cir¬ 
cuit at any instant being If = Cl ’ur. 
the rate at which energy is being stored 
is dll', dt = (Il ne d'. I bis corre¬ 
sponds to a conductance t rm. C. ob¬ 
tained by eq citing dll dt and Cl ltl.: 

C te'"'"'- I 

' dt 
(40) 

The necessary condition for oscillation 
during buildup is thus: 

(IJlfal + M + d = (47) 

FIG. 37. Plots of DC voltage pulse shapes (a), da. and (c) and the frequency spectra («'). (//), 
and lr') resulting from each, respectively. These are shown for Ilic idealized case ot perfectly 

rectangular voltage pulse shapes. 

Eig. .37 (a) is compounded of frequencies 
not now discrete but distributed continu¬ 
ously throughout a band, Eig. 37 (a'). 
The energy distributions in time and fre¬ 
quency are related mathematically by the 
Fourier transform. 

I’hc breadth of the frequency distribu¬ 
tion is inversely proportional to the mod¬ 
ulating pulse width as shown in Eig. 37. 
i’hc spectrum widths of operating magne¬ 
trons may exceed the theoretical width 
by a factor of not more than two for 
reasons not altogether clear. 

10.(i Oscillai ion Huildup Starting: Of 
importance in the design and operation or 
pulsed magnetrons are the phenomena 
associated with the buildup of oscillation 
when the voltage is applied. Here will be 
discussed briefly what is known about the 
problem, the factors upon which the rate 
of buildup of oscillation in the circuit 
depends, how this is related to the rate 
of voltage buildup and to pulser charac¬ 
teristics. and how these factors result in 
various types of magnetron starting be¬ 
havior. 

The rate of buildup of oscillation in the 
magnetron depends not only upon the 
circuit characteristics but also upon the 
electronic behavior with increasing DC 
ami KE voltage'. Because of Ihe non 
linear nature of the electron interaction, 
the amount of energy fed to the circuit 

from which one obtains 

+ C. + * r- / - = <>• (4«) 

Since oscillation in the magnetron does 
in fact build up. C,l I riA must be 
greater than C. when oscillation starts. 
When equilibrium is reached. f<c(l w) 
-f- C, = 0. 'rims <•, < I Hid must be a de¬ 
creasing function of I crossing the 
value C. at the operating point. By equa¬ 
tion (48). I'HK thus build' up rapidly at 
first and then more slowly as 0,(1 /lf-) 
approaches (■„ 

Increase in load, resulting in an in¬ 
crease of decreases the rate of oscilla¬ 
tion buildup. 22 The dependence on Ihe 
total resonator capacitance indicates that 
for magnetrons of different sizes related 
by a simple scale factor. C, and C. under 
such sealing presumably remaining in¬ 
variant. the rate of buildup decreases 
with increasing wavelength. I nknown in 
relation (48) is. to be sure, the exact 
transient dependence of C. on KF and 
DC voltages, magnetic field, ami inter¬ 
action space geometry. 

This Magnalron scries (('ill he continued 
in the April issue. 

15 This is directly the opposite of the behavior with 
respect to load variations of a circuit being driven in 
such a way that a constant amount of energy is 
fed in per cycle, in which case the rate of buildup 
is inversely proportional to Q. 
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III = M 

EM„ = 2rE„ X 
in = 1 

(sin <t> 0) (sin 01/01) . . . (sin 0„/0n) (2.1 ) 
where 0i . . . 0n refer to electrical widths 
of apertures, Wi . . . w„. 
The widening effect of one aperture, 

and of two equal apertures in tandem (the 
aperture widths being identical to picture¬ 
element width), on the reproduced elec¬ 
trical pulse from a picture element is 
shown in Fig. 1.5. Curve A of Fig. 1.5 repre¬ 
sents the electrical signal arising from a 
rectangular pulse in passing through an 
electrical system which removes all the 
harmonics above the first zero-frequency. 

The expression in tandem means that 
the apertures act successively upon the 
form of the electrical signal during trans¬ 
mission. rather than simultaneously. This 
is representative of what occurs during 
the transmission of a television image, 
where the camera tube aperture modifies 
the picture-element light pulses entering 
t he camera, and the receiver Iube aperture 
modifies the electrical signals applied to its 
grid before reproducing the images on the 
fluorescent screen. 

In Fig. 16. Curves B and C, are plotted 
the curves of the functions (sin 0 0)*and 
(sin 0 0)3. In curve A of this figure sin 
0 0 is plotted for reference, from Fig. 9. 
These curves represent the effect on the 
harmonics of a picture-element pulse of 
the finiteness of the pulse, of the finiteness 
of one aperture scanning the pulse, and of 

FIG. 16. EFFECT ON THE HARMONICS OF A PICTURE-ELEMENT PULSE, AS DESCRIBED 

This curve is a replica of curve B in Fig. 
11. Curves B and C of Fig. 1.5 represent 
the modification of this pulse if it is 
scanned by one aperture or two apertures 
in tandem, respectively. 

the finiteness of two identical apertures 
scanning the pulse in tandem. It will be 
noted that the first zero-frequency for an 
aperture occurs at the same point as the 
first zero-frequency for a pedestal, or rec¬ 

tangular. pulse of the same width as the 
aperture. If the aperture widths are dif¬ 
ferent from the pulse widths, the first, 
zero frequencies occur sooner, that is. at 
proportionally lower values of 0 than it on 
the scale of Fig. 1.5. according to the ratio 
of aperture width to pulse width. 

'Phus, the effect of a finite aperture, or 
finite apertures, in scanning a television 
image is to reduce the amplitude of the 
high frequency components arising from 
the scanning of picture elements. 'Phis re¬ 
duction occurs so that the harmonic con¬ 
tent is reduced to zero at the first zero¬ 
frequency of the leidest aperture. At this 
frequency al! harmonic amplitudes can be 
considered to disappear, for all practical 
purposes. In fact, the name zero-frequency 
arose in connection with the aperture dis¬ 
tortion problem, since the effect of an 
aperture is to reduce the harmonic com¬ 
ponents of the electrical signal to zero 
when the width of the aperture becomes 
equal to or larger than the width of the 
picture element which it is scanning. 

For this reason it is attempted in all 
television apparatus to keep the apertures 
as small as is physically possible in rela¬ 
tion to the size of the picture elements 
which it is desired to scan. The effect of 
each aperture through which the electrical 
signal has to pass is to reduce the resolu¬ 
tion of the reproduced image by a small 
amount. If the apertures are large com¬ 
pared with the resolution which it is de-
sired to transmit, the degradation is quite 
great, ami it can be said that no resolution 
can be transmitted in excess of that allow¬ 
able by the finite size of t he aperture itself. 
This means that if a 0.601-in. aperture 
scans a 1-in. image, it will be impossible 
to resolve more than 1000 picture elements 
along the length of the image. 

To he continued next month. 

The concluding sections of Chapter I, 
Part ', cover Contrast and Gamma. liril-
liance and Flicker. and Size and Shape. 

For a complete table of contents of the 
Television Handbook series, see page 
16. December. 1946 issue. 

TELEVISION MARKET SURVEY 

IN NEW YORK CITY 

THE Schaefer. Fain, ami Lent advertis¬ ing agency interviewed 338 people at 
22 dealer demonstrations to get their ideas 
on television receivers. By occupation. 
2.5.3% were civil service, sales, and clerical 
workers. 18.7% professional. 18.7% pro¬ 
prietorsand managers. 16.8% housewives, 
1.5.7% laborers, and 4.8% others. Two-
thirds of the people questioned had seen 
television on previous occasions. When 
asked. "Did you like this demonstra¬ 
tion?" All but 6.5% sai<l, " Yes." 

As to the purchase of television receiv¬ 
ers. 89.6% said they plan to buy sets. Of 
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these. 6% intend to buy now. 18.7% 
within a year, and 71% just said. " Later." 
Most of the people. 46.3%. said they 

want sets combining television, radio, and 
phonograph operation, for which 4.3% 
were willing to pay $250 to $400. while 
35.9% would go to $400 to $6.50. Of these. 
43.2% wanted 12-in. pictures, while 
46.7% wanted them still larger. 
Only 18.7% would be satisfied with 

television alone, while 34% wanted tele¬ 
vision ami radio reception. Of the latter, 
.52% would pay $200 to $3.50. and 39.2% 
would pay $350 to $600. However. 48% 
insisted on 12-in. images, ami .38.3% 
wanted them still larger. 

It looks as if the people interviewed 
want a lot of equipment for the money 

they are willing to spend, since the pre¬ 
ponderant demand was for television-
radio-phonograph units with pictures 
larger than 12 ins. at a price of $250 to 
$400. to be bought at some unspecified, 
future time. 

Also, it appears that there would be lit¬ 
tle demand for the small-screen CBS color 
receivers, even if the sets could be put up 
with radio receivers at $3.50 to $600. or 
w ith phonographs added at $400 to $600. 

This investigation, conducted for View-
tone Television. Inc., is of particular sig¬ 
nificance because it was conducted im¬ 
mediately after the people questioned had 
witnessed television reception at stores 
located in all five boroughs of New ork 
City. 

FM and Television 



...And Zenith Has The Answer 

It will shortly be very difficult to sell any radio (except in the lower price 
brackets or portables) which does not incorporate FM. Zenith has long 
recognized the universal appeal of this new kind of static-free, true fidelity 
broadcasting as developed by Major Edwin H. Armstrong. To meet it, 
Zenith engineers have perfected two-band Armstrong FM in table model 
sets designed to appeal to the mass, volume market, as well as in the finest 
console combinations ... all with Zenith’s patented built-in light-line 
antenna. That is why Zenith is recognized by broadcasters, dealers and the 
public as the outstanding manufacturer of FM receivers. 

Zenith Is Building A Mass FM Audience: 

ONLY ZENITH HAS THIS! 

★ Genuine Armstrong FM On Both Tuning 
Bands 

★ Super 6-Purpose Tube 

★ Built-in FM Antenna, Even for Table 
Models 

* Big, Easy-Tuning Dial 

* Permeability Tuning 

★ Compact Chassis 

★ Built-in Wavemagnet 

* Sensitive, Selective Circuit 

70.10% of all the FM equipped table model sets produced 
during the period from January 14. 1946 to January 4, 
1917 were Zeniths. These latest available figures (Februare 
5. 1947) are from Haskins & Sells, the official reporting 
agency of the Radio Manufacturers Association. 

ZENITH RADIO CORPORATION CHICAGO 39, ILLINOIS 
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WRITE 

radio. farm 

PRODUCTS co. 

automotive. 

SHOCK-
Proof 
BREAK-
X Proof 

CANADIAN V 
560 KING strie 

o st. 
CHICAGO 11. ILL. 

FOR 
:atalog 

VACO AMBERYL 
SCREW DRIVERS 
lu .j . . fill every industrial. 

General purpose capacitors adequately meet 
the requirements of small AC-DC sets. Their 
reliable performace and long-life make them 
especially desireable in applications where 
other types of more expensive units must be 
replaced. In addition Hl-Q genera! purpose 
capacitors avoid aging and comparable re¬ 
duced performance. 

We shall be glad to submit samples for 
your examination. 

OTHER Hi-O* COMPONENTS- 1 

S. I. TYPE 
(Durez Coated) 

FEED THRU AND 
STAND-OFF 
CAPACITORS 

WIRE WOUND 
RESISTORS 

CHOKE COILS 

ELECTRICAL REACTANCE CORP. ( 

FRANKLINVILLE, N.Y. 

TELEVISION 
HANDBOOK 
BY MADISON CAWEIN 

This important series of arti¬ 

cles started in the December, 

1946 issue of FM AND TELE¬ 

VISION. If you have missed 

any of the previous install¬ 

ments, back issues are still 

available at 50 cents each. 

FM and Television 
Great Barrington, Massachusetts 

The trade marks, FAX and FAX1MILE have been ap¬ 
plied for registration by Faximile, Inc., and the trade 
mark, FAXPAPER has been applied for registration by 
Radio Inventions, Inc. 

These trade marks are to designate the products pro¬ 
duced by Faximile, Inc., and Radio Inventions, Inc., and 
the products of licensees of the above companies. 

FAXIMILE, INC.-RADIO INVENTIONS, INC. 

1 55 Perry Street New York 1 4, N. Y. 

The trade marks, 

and 
are now being used by Faximile, Inc., and registration 
will be applied for when term of use under the Trade 
Mark Laws has been completed. 

WILLARD 2-VOLT 
COMPACT, RECHARGEABLE 
Spill-Proof STORAGE BATTERY 

In an attractive Clear Plastic Case. Only 2}g" 
square and (>" overall height. About the size of 
the ordinary No. 6 Dry Cell. Rating 24 All. 
Gangs nicely for other voltages in multiples of 2 
volts. Ideal for many applications. 

Shipped dry with electrolyte for each in separate 
container. (Can not be shipped Parcel Post.) 

CLOSE OUT PRICE W hile Our Stock Lasts. 
Every One BRAND NEW! 

Stock No. 5A 133. Only.... $2.95 
In Case Lots of 42. Each. $2.50 

BURSTEIN-APPLEBEE CO. 
1012-14 McGee, Kansas City 6, Mo. 
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ENGINEERING SALES 
(CONTINUED FROM PAGE 8) 

Sylvania: Kobert E. Lamar, formerly editor 
of Sylvania's company publications in 
Ilie indiHlrial relations department is now 
on the advertising staff of the radio tube 
division. 

Mallory: \ew appointments by the whole¬ 
sale division are ( lint Bowan as repre¬ 
sentative for Mallory products in Chicago, 
northern Illinois, Iowa, and Wisconsin; 
Allen Shaw in Pennsylvania. Maryland, 
Delaware. Virginia. District of Columbia, 
and eastern New 5 ork; and Kay Bridge in 
the New England states. 

Interstate: Ered E. Garner is handling sales 
in the middle west for Interstate Manu¬ 
facturing Corporation components and 
antenna systems. His headquarters are 
at 333 N. Michigan Avenue. Chicago. 

RADIO MARKET SURVEY 

ALT] K H GII market surveys are always 
subject to interpretation by those who 

are to use them, they are valuable as a 
starting point for arguments, at least. 
Latest radio survey has just been released 
by Collier's Magazine. In this ease, 2,927 
questionnaires were returned out of 4,000 
sent to Collier's subscribers in all parts of 
the I .S. 

In 00.3% of the homes reporting, there 
was an average of 1.8 sets, of which 8% 
were out of order. By types, 47.8% were 
table models, 32.8% consoles. 8.1% con¬ 
sole combinations. 3.0% table combina¬ 
tions. and 7.4% portable radios. As to lo¬ 
cation. 80.8^ ( of t he homes had sets in t he 
living rooms, 43.2 had sets in bedrooms, 
22.0' j had sets in kitchens, and 16.7%, had 
sets in other rooms. 

Brand names showed 18.6% of the sets 
to be Philco, 10.6% RCA, 9.2% Zenith. 
5.7% Emerson. 5.6% G.E., 5.2% Silver-
tone, 37% other names, 8.1% no name 
given. 

People planning to purchase sets this 
year ranged from 37.6% in the income 
bracket below- .$2,000, up to 54.7% of 
those earning over $5,000 per year. Of 
these. 46.3% want console radio-phono¬ 
graph combinations, 17.9% table combi¬ 
nations, 7.8% consoles, 22% table sets, 
and 5.3% portables. 

Public understanding of EM is grow ing, 
as indicated by the fact that 38.5% want 
EM reception in their new sets. However, 
33.3% reported that they “Don't know 
w hat EM means." Among those who want 
EM. 73.9% mentioned freedom from static 
as a reason. 28.5% mentioned greater tone 
fidelity, and 8.7% better slectivity. 
Of the sets now in use, 21.2% were 

bought in radio stores, 19.3% in furniture 
stores, and 16.4% in department stores. 
Only 5.9% were purchased in music stores. 

Whether the people who replied will 
carry out their plans to buy new sets, only 

(CONCLUDED ON PAGE 70) 

AVAILABLE NOW-^ 
NEW YORK’S LEADING DISTRIBUTOR / 
of RADIO & ELECTRONIC EQUIPMENT • 

Hu IIHOOK A1IPIII IEK 

Frequency response 20 to 20,000 cycles ±0.2 db.! 
Patented automatic bias control. Triode output — 
30 watts. 

Model 10C 176^0 Model I0C2 22O 50

Amplifier net preamp. net 
Available with wide selection input and output 
impedances. Ask us for Brook data. 

The PH KEI'IXG PH KI P 
For 

lateral-cut 
10", 12" 
and 16” 

recordings 

For 
“Clean" 
phono 

reproduction 

Model 161 Magnetic reproducer for lateral-cut 

phonograph records and transcriptions. Virtually no 

intermodulation or harmonic distortion, nor 

discrimination from 30 to 15,000 cps. Specify 

500 600 or 10,000 ohms. Net. 

frequency 

840° 
Model 163A — Five-position Equalizer for 

and N.A.B. recorc characteristic compen¬ 

sation . 

standard 

4200 
Model 164 — Equalizer-Preamplifier tor model 161 

pickup. Specify high or low output impedance. 

Complete Pickering data on request. ** b 

ALTEC LANSING 

■£l 
600 ^^^V603 

Model 600 — 12” PM Dia-Cone Speaker 
with high frequency metal diaphragm and 
mechanical dividing network. Rated 20 
watts. 10 ohm voice coil. 4760 
Net price . • 

Model 603 — 15” PM Multicell Dia-Cone 
Speaker, superb quality. 0^ 00 
Price . 

Also Altec Lansing Duplex, cabinets, match¬ 
ing transformers, etc. Ask us for Altec 
Lansing literature. 

7 VISIT 
OUR 

SOUND 
STUDIO 

See and hear 
this equipment on 

demonstration. If you wish, 
bring your own test records. 

TERMINAL RADIO CORP. 
85 Cortlandt Street 

New York 7, N. Y. 

MANY FEATURES IN ONE INSTRUMENT 

THE BASIC METHOD OF MEASUREMENT EMPLOYED IN THE 160- A Q-METER 

BOONTON RADIO 
BOONTON • NJ- USA-

An R.F. oscillator (E) supplies a heavy current (I) to a low resistance load (R), which is 
accurately known. The calibrated voltage across the load resistance (R) is coupled to a 
series circuit consisting of the inductance under test (L) and a calibrated variable air capac¬ 
itor (Co) having a vernier section (C). When this series circuit is tuned to resonance by 
means of capacitor (Co+Ci), the "Q ’of (L) is indicated directly by the V.T. Voltmeter (V) 
Variations of this method are used to measure inductance, capacitance and resistance. 
Oscillator Frequency Range: 50 kc. to 75 me. in 8 ranges. Oscillator Frequency Accuracy: 
^1%, 50 kc.— 50 me. QMeasurement Range: Directly calibrated in Q, 20-250. 
Multiplier extends Q range to 625. Capacitance Range: Main section (C ) 30-450 mmf. 
Vernier section (Ci) + 3 mmf, zero, —3 mmf. 

MODULATED 
SIGNAL GENERATOR 

BEAT FREQUENCY 
GENERATOR 

AND OTHER 
DIRECT READING 

TEST INSTRUMENTS 
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TELEVISION 
KIT. ..A HIGH QUALITY 

TELEVISION RECEIVER 
ready for Easy, 

Rapid Assembly 

ENGINEERED 
BY 

Easy-to- Assemble: No knowledge of television 
required. COMPLETE easy-to-follow INSTRUC¬ 
TION SHEET gives you all the knowledge you 
need. 

This Kit INCLUDES SOUND, all component parts, 
and the following/— 

1. Specially designed Television 
Antenna. 

2. A $30.00 Lectrovision seven¬ 
inch Picture Tube . . . plus 
ALL other tubes. 

3. Pre-tuned R-F unit. 
4. Finished front panel. 
5. All solder, wire and 60 feet 

of low loss lead-in cable. 
Operates on 7 70 I .; 50-60 cycles .t.C. 

Price: complete with Al. I. tubes. $159.50. Ship¬ 
ment will be made approximately 2 weeks after 
receipt of order. $25.00 deposit required on all 
orders, balance C.O.D. 

Trade Inquiries Invited 
We believe that the comparative quality of this 
set is superior to other available sets. It has 
been acclaimed by major television schools 
throughout the country. For full information 
write to: 

TRANSVISION, Inc. D,"T
385 North Ave. New Rochelle, N. Y. 

Enclosed find S . dcjiosit. Please ship 
. Transvision Television Kits C.O.D. to 

Name. 

Address. 

City & State. 

RADIO MARKET SURVEY 
(CONTINUED FROM PAGE 69) 

time will tell. There is no question that 
the demand for phonograph combinations 
is increasing. However. FM may have 
some effect on this. The reason is that FM 
reception of phonograph-record broad¬ 
casting is much superior to records played 
in the home on combinations. This is due 
partly to the use of superior turntables 
and pickups at the broadcast stations, 
but more particularly, perhaps, to the 
fact that when the records are played in 
the home, the tone-quality is poor at 
moderate volume level. 
Of course, radio reception does not per¬ 

mit a personal selection of records. How¬ 
ever, it is undoubtedly true that many 
people buy combinations because they do 
not like the tone-quality and interference 
on AM reception. It is quite possible that, 
as various FM models come into sub¬ 
stantial supply, there will be an increasing 
demand for consoles in preference to 
phonograph combinations, both as a result 
of new listening experience and because 
of the difference in cost. 

WHAT’S NEW THIS MONTH 
(CONTINUED FROM PAGE 4) 

And there you are. If you want to spend 
your money, you can take your choice. 
As for us. we ll stay in a neutral corner 
where we won't get cut by flying glass. 

At this time, well only venture to 
second Mr. Engstrom's recommendation 
to the FCC: "That standards for color 
television not be established at this time. 

That the radio industry be encouraged 
to reach an agreement on standards which 
w ill provide satisfactory performance, and 
that the radio industry be encouraged to 
conduct adequate field tests.” 
We might add that it would help a lot 

if someone would produce a color televi¬ 
sion receiver of any type that could be 
manufactured at a price to assure enough 
color-tele viewers to make color program 
transmission commercially practical. 

2 On January ‘28th, the FCC announced I that, “because of many administrative 
problems involved." it is unable to comply 
at this time w it h FMA president Hofheinz' 
request that the FCC delete from existing 
rules all reference to "standard broad¬ 
cast" stations, and to substitute the 
words “amplitude modulation" or 
“AM”. 
As we understand the request, it calls 

for scrapping printed matter already pre¬ 
pared. just to change the designation of 
broadcast service in the AM band. 

It appears to us that Judge Hofheinz 
should have asked the FCC to adopt the 
plan of identifying both types of broad¬ 
cast stations by their method of modula¬ 
tion in all official notices, correspondence, 
actions, reports, regulations, and forms 
in t he fut lire, and to revise exist ing regula¬ 
tions and forms, to this extent, when and 

ZOPHAR 
WAXES 

ÎÔT1 COMPOUNDS 
and 

EMULSIONS 

FOR 
INSULATING and WATERPROOFING 

of ELECTRICAL and 
RADIO COMPONENTS 

Also for 
CONTAINERS and PAPER 

IMPREGNATION 

FUNGUS RESISTANT WAXES 

ZOPHAR WAXES and COMPOUNDS 
Meet all army and navy 
specifications if required 

Inquiries Invited 

ZOPHAR MILLS, inc. 
FOUNDED 1846 

122—26th ST., BROOKLYN, N. Y. 

FM 
HANDBOOK 

All pending orders for the 

FM HANDBOOK have been 

filled. If you ordered a 

HANDBOOK prior to March 

1 st, and have not received 
it yet, please let us know, 

giving us the date and de¬ 

tails of your order. 

NOTE: Copies in the Library 

Binding will not be shipped 

until April 1 st. 

Book Department 

FM and Television 
Great Barrington, Mass. 

70 /•'.!/ am> Television 



WHAT’S NEW THIS MONTH 
(CONTINUED FROM PAGE 70) 

as they are prepared for reprinting. 
So universal have the designations AM 

and FM become throughout the industry 
anil the press, and in common public use 
that most people in this country would 
ask the FCC: “What is meant by stand¬ 
ard broadcasting?” 

There is nothing to prevent such a 
change by the FCC. I Util recently, the 
FCC used the awkward expression "spe¬ 
cial emission (FM)." This lias been 
changed, ami with no inconvenience or 
confusion, to plain "FM.” 
The current public notices from the 

FCC show, for example: Report No. !)(>(>-
FM and Television Actions with the 
heading "FM Conditional (¡rants.” 
Report No. ¿138, Broadcast Applica¬ 
tions Accepted for Filing, lists: “Val-
dorsta Broadcasting Co., Construction 
Permit fora new standard broadcast sta¬ 
tion to be operated on ," ami next 
below appears, "Plains Radio Broadcast¬ 
ing Company. Const ruct ion Permit for a 
new (('lass B) FM broadcast station 

Since a station employing Frequency 
Modulation is identified by " FM ", it 
would be much more consistent ami less 
confusing to use "AM" to indicate sta¬ 
tions employing Amplitude Modulation. 
For those who want to be technical on 

this point, II ebster's Neir International 
Dictionary, Second Ed it ion, Unabridged, 
gives no support to “Standard broadcast¬ 
ing . The adjective form of “standard” 
is defined as "Being, affording, or ac¬ 
cording with, a standard for comparison 
and judgment : as, standard time: standard 
weights and measures; a standard au¬ 
thority; standard gold or silver." Also: 
" I sable as a standard of measurement or 
comparison." 

Since the Commission is on record with 
the opinion that “FM is the finest aural 
broadcast system obtainable in the pres¬ 
ent state ol the radio art . !■ M might 
be considered a standard of comparison, 
but it wouldn’t make sense, as a matter 
of practical nomenclature, to use such a 
designation for FM. 
We were greatly surprised that our 

es teemed contemporary Broadcasting 
worked up an editorial lather over Judge 
Ilofheinz’ request, and made an emot ional 
issue of it. implying that the FM Associa¬ 
tion may be attempting to “precipitate 
internecine strife that will pit the AM 
operator against the FM zealot." Pub¬ 
lisher Sol Taischoff must have strained 
his galluses to think up that one. We 
think too highly of him to believe that he 
was sincere. 
Our own opinion is that, as a matter 

of convenience and common sense, the 
FCC will soon follow the general practice 
ol the industry, the press, and the public 
and identify both types of broadcast sta¬ 
tions by their system of modulation. 

^¡nchmger TOWERS 
The surging, booming post-war rush of radio broadcast con¬ 
struction finds Wincharger again supplying the industry 
with the bulk of its towers. And for the same reasons. Win¬ 
charger's guyed tower, with its uniform sections and result¬ 
ing mass production economy, continues to be the industry's 
recognized dollar-and-cents value. The convenience of 
Wincharger's ''packaged-buying'' and Wincharger's reliable 
maintenance and service, continue to be powerful attractions. 

FM broadcasters are following in the footsteps of the AM in¬ 
dustry in likewise choosing Wincharger Antenna Tower 
Supports. 

All Wincharger towers come completely equipped and ready 
for installation. This includes necessary lighting such as a 
300 MM beacon, flasher, obstruction lights, wire, conduit, 
fuse box. No extras to buy—easy to erect. No wonder Win¬ 
charger Towers continue to be the industry's favorite. 

FM ANTENNAS 

LLlr 

The new. ultra high frvquencie« are an aid »tory 
lo the engineers who developed Wincharger's FM 
Folded Dipole Antenna. Pre-war FM experts, they 

Armed Forces' finest radar equipment And now 
again the Wincharger FM Folded Dipole Antenna 
has. without a doubt the finest engineering in the 
industry. 

Electronic Supplies 
Parts—Equipment—Bargains 

MASTER OSCILLATOR 

MI-19427-B 

This unit was built forR.C.A. 
Add a final becomes a com¬ 
plete transmitter with signal 
shifter. 2:20 mg — also FM — 
only a few cycles drift from 
cold start. Complete with 
regulated power supply and 
heavy duty deluxe rack. Il¬ 
lustrated flyer giving com¬ 
plete description, technical 
summary and specifications 
available upon request. 

COMPLETE $onc.oo 
(less tubes) X X 

Thousands of “Hard-to-Get’* parts, sup¬ 
plies, and equipment at “rock bottom" 
prices. Sensational clearance of complete 
stock of War Surplus Material. 

All 

MAGARA RADIO SI PPL Y CORP. 

BOw’ in5 

equipment, resistors, rectifiers, < 
Items for IMMEDIATE DELIVERY. 

Please send me illustrated folder on 

»AGAR* 

first in facsimile 
for broadcasting and point-
to-point communication! 

FINCH TELECOMMUNICATIONS 
INCORPORATED 

SALES OFFICE: 
10 EAST 40th STREET, NEW YORK 

FACTORIES PASSAIC. N J. 
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Four Eimac 4X500A tetrodes provide a standout answer to 
the question of getting 3 kw of useful output power in the new 
f-m band and above. In a push-pull parallel arrangement these 
remarkable tubes generate this power with only 50 watts of 
drive. Operating data on the tubes in this actual installation are 
listed in the accompanying table. 

Some of the design features of the Eimac 4X5OOA can be 
seen in the adjoining illustration. Short squatty geometry con¬ 
tributes to high-frequency capabilities by bringing the grid and 
plate lines close up to the elements themselves. The screen is 
brought out to the concentric contact ring surrounding the base. 
This makes it easy to seat the tubes into a ground-plane deck 
for effectual isolation of input and output circuits with conse¬ 
quent operating stability. 

Low driving requirements of the 4X500A have obvious ad¬ 
vantages for designers cf original equipment They also present 
operators of low-power f-m stations with an easy and efficient 
means of converting to 3-kw operation by letting their existing 
final amplifiers loaf as drivers for a set of Eimac 4X500A tetrodes 
in parallel push-pull. 

I 
• EIMAC 4X500A TETRODE 

Electrical Characteristics 

Filament: Thoriated tungsten 
Voltage. - . 5 0 volts 

Current . 13.5 amp 
Screen grid amplification factor (av ) - 6.2 
Direct Interelectrode Capacitances (av.) 
Grid-p.ate ... . C 05 ppf 
Input . 12.8 ppf 
Output . 5.6 

Transconductance (i 200 ma : e 2500 v; E :500 v) 
. 5200 umhos 

Typical Operation 

(Foar tubes push-pull parallel, 110 me) 

Plate voltage, d-c. 4000 volts 
Plate current, d-c . 1-25 amp 
Screen voltage, d-c. 500 volts 

Screen current, d-c . 160 ma. 

Grid voltage, d-c. 250 volts 
Grid current, d-c -   70 ma. 
Driving power (approx) . 50 watts 

Plate power output (approx) - - - 3900 watts 
Useful power output . 3500 watts 

Write for full details on Eimac 4X500A tetrodes and 3-kw 
f-m operation. 

EITEL-McCULLOUGH, Inc., 1444 San Mateo Avenue 
San Bruno, California 

EXPORT AGENTS: FRAZAR & HANSEN. 3Ot CLAY ST . SAN FRANCISCO It. CALIFORNIA U.S A 
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type. All tubes are operated well within their power ratings. 
The transmitting frequency is controlled directly by a quartz 
crystal, and no conversion or reference mechanisms are 
necessary. 

HIGHER QUALITY . . . The superior quality apparent in the 
733A contributes to its impressive, substantial appearance. 
Conservatively operated heavy duty components—the prin¬ 
cipal fact in safety factor—insure continuous operation. Quiet 
forced-air cooling removes heat from the cabinets. Sealed 
metal case capacitors, chokes, and transformers, together with 
rugged switches, sturdy relays and other circuit components, 
provide added reliability. 

The Collins 733A 3 kw FM Transmitter 

iiSM 

Collins FM 

assures you of 

CONTINUED 

low cost operation 

BEST IN FM, IT’S . . FOR THE 

COLLINS RADIO COMPANY, Cedar Rapids, Iowa 
458 South Spring Street, Los Angeles 13, California 1 1 West 42nd Street, New York 18, N. Y. 

COLLINS 

FEWER COMPONENTS . . . Collins FM transmit¬ 
ters are designed for the greatest possible economy 
consistent with high performance and relia¬ 
bility. Each stage performs its function com¬ 
pletely and efficiently; thus the equipment re¬ 
quires a minimum of components. That’s why 
there are only 26 tubes in the three kilowatt 733A, 
and only 10 tube types. Excluding power supply 
circuits, 9 of the 16 tubes used are of the receiving 

CONTINUED ECONOMY ... In the 733A you get continued 
economy—through exact engineering a low initial cost— 
through efficient performance and dependability free from 
expensive “dead air,” a profit-making low cost operation. See 
the Collins FM transmitters at your earliest opportunity. Let 
us send you an illustrated bulletin describing the 733A. We 
can supply your entire station requirements. 

RUMFORD PRESS 

CONCORD. N H. 



he sees the unbelievably varied range of other 
Motorolas. A cabinet customer is a "portable 
potential” . . . and vice versa. In either case, 
he’s sold . . . completely . .. on Motorola Radio. 

Feature Radios as 

ALL OCCASIONS 
Motorola is the Perfect Gift. 
Your customer will be best 
satisfied with the choice of a 
Motorola . . . whether it’s an 
elaborate console combina¬ 
tion or a palm-size portable. 

GALVIN MFG. CORPORATION CHICAGO 51, ILLINOIS 




