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MICROSTATIC FREQUENCY MODULATION 
phis RADIORGAN TONE COLOR CONTROL 

FOUR STYLINGS AVAILABLE 

Zenith FM Receivers are avail- 

able in Chairside, Console, Spinet and 

Radio -phonograph combination stylings 

-all in fine hand - rubbed finish -all 
designed for FM -AM reception. 

ASK YOUR 

ZENITH DISTRIBUTOR 

Phone -write or wire your Zenith 

distributor today for complete infor- 

mation on all the Zenith Microstatic 

Frequency Modulation Receivers. 

Modern radio listening demands receivers designed for FM- 
AM reception. New FM stations are going on the air all over the 

country -many more are planned. Public interest and, more im- 

portant, public buying are growing with amazing rapidity ... And 
Zenith is ready now with a wide selection of FM -AM receivers 

incorporating fourteen points of definite superiority. You need 
these Zenith FM -AM models on your sales floor- otherwise you 
are not selling modern radio. 

Model illustrated is 12 -H -678 permitting four band recep- 
tion. Also plays and automatically changes phonograph records. 

Available in mahogany or walnut finish. 

AMERICA'S OLDEST 

MANUFACTURER 

OF FINE RADIOS FOR 

THE HOME 



Interesting Facts about 

FM MAGAZINE 

Why is the circulation of FJ! MAGAZINE growing so rapidly 
aIlollg executives and engineers in every branch of the 
radio industry? 

'l'hat is because it contains so much practical, useful, and authori- 
tative information which cannot be found elsewhere! 

Typical are the articles written for Fi! MAGAZINE on the eco- 
nomics, planning, engineering, and performance of broadcast 
stations, illustrated by facts, figures, and photographs. Such infor- 
mation is to be found in no other publication. 

Fi! MAGAZINE carries complete engineering data on new trans - 
mitting, receiving, and studio equipment, with specifications and 
circuits. Such data is found in no other publication. 

Present activities and future plans of the leading broadcast stations 
and manufacturers, indicating trends of radio progress, are discussed 
by their chief executives and engineers in Fi! MAGAZINE. Titis is 
an exclusive feature. 

Fi! MAGAZINE is the only reference source on emergency communi- 
cations, and is recognized as such by state, county, and municipal 
police officials and public utility engineers. Another exclusive feature. 

Articles on school radio systems, laboratory equipment, the FM 
Handbook series, coverage maps, data on the status of FNl broad- 
casting, and similar exclusive information are reasons why 90();) 

of the subscribers still ask: "Let me have all the back numbers 
available." 
Now, with the .July issue, its field of usefulness is broadened further 
by covering commercial television developments. 

These are some of the reasons why Fi! MAGAZINE provides com- 
plete an(l concentrated coverage of the Management Group of the 
radio industry. M. B. SLEEPER, Editor and Publisher 
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3reasons why other dealers envy 

the man who handles sTROMgERG- 

CARLSON 

1. THE FRANCHISE: 
The Stromberg- Carlson franchise is a document whose value is jealously guarded. 
To obtain it a dealer must prove himself worthy to represent this pioneer line of 
high- fidelity radio receivers and radio -phonographs. One fact alone enables you 
to judge how this policy of careful selection and controlled distribution protects 
the individual dealer -more men today want the Stromberg- Carlson franchise than 
ever before. 

2. A HIGH UNIT OF SALE: 
The Stromberg- Carlson line is deliberately planned for selling up. Each chassis 
series -in progression -has all the features of the preceding series, plus certain 
specific and demonstrable added features. When you realize the importance of a 

high unit of sale, you realize it means that you sell fewer sets, but make far more 
net profit. The larger the sales unit -the more dollars come in and the fewer sets 
to uncrate, deliver, install, service, and the fewer trade -ins and finance problems. 
The Stromberg- Carlson line provides just that -since its average unit of sale is 
hieh; yet the line is completely competitive. 

3 - PROFIT PROTECTION: 
Because Stromberg- Carlson hand picks its dealer and controls distribution, the 
franchise holders profits are better protected. A Stromberg- Carlson is not a 

"shopping" item. As a result the dealer works within a more stable price structure. 
Not only this, but he reaps the benefit of Stromberg- Carlson's great national 
advertising campaign, with fewer dealers to share the active prospects it creates. 

TO TOP OFF THESE BENEFITS, a Stromberg- Carlson dealer has the rich opportunity of growing with 
a firm that for 47 years has blazed the trail in voice transmission and reception ... that leads the way in FM, 
with more field experience than any other manufacturer ... and that today has its FM -AM sets in more homes 

than all other makes combined! See the new 1942 line at your local distributor's showing and you'll agree, 

'There it nothing finer than a Stromberg -Carbon." 

STROM B[RG-CARLSON 
ROCHESTER, NI. \\ YORK 

THE FINEST RADIO FOR STANDARD PROGRAMS THE ONLY RADIO FOR FM AT ITS BEST 
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LOMNIAr'ltTW16 0 WWI Idled by M. B. Slr.o.r 

T11 those who have Hut .Wen telcyi- 
.iun in its present stage of perfec- 

tion. there is a real surprise coming. 
Despite nl:uly discouragetnents and 
costly delays. the last two years have 
been spent to good advantage in 
working out refinements Of equip- 
ment and technique which not merely 
put television iu (Iirect cungmtition 
with the movies hut. in many re- 
spects, go the movies one better. 

The only \weak link today Ties in t IIc 
problems of individual home installa- 
tions. but that \will be eliminated as 
service men gain practical experience. 

With the degree of perfection now 
achieved. adequate sponsorship of 
programs to cover the eist of broad - 
casting seems assured. 

\l:unlfarturers are even confident 
that t sale of receivers will not be 
rest rict cd by the necessarily high cost, 
as ciaispared to straight radio sets. 

What attitude the OPNI will take 
toward the manufacture of television 
receivers we do not know at this time. 
The FCC can say "yes- to commer- 
cial broadcasting. and the Ol'JI can 
still say "no" to the production of 
ecptipment. 

Jleauwhile, at least at this writing. 
three television stat ions are preparing 
to go on the air in New York City on 
July 1st, one is ready and another will 
follow in Philadelphia, one or two 
are set to start in Chicago. and in 
other cities it is understood that 
transmitters are being groomed for 
the air. 

Lack of definiteness is due to the 
fact that final tests and adjustments 
are still being made. 

It certainly looks as if television is 
under way this time in earnest. 

E11, 
% 
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FIG. 1. FASTEN THIS PAGE ON THE WALL AND STAND BACK ABOUT EIGHT FEET. THEN YOU 
WILL SEE ABOUT THE SAME AMOUNT OF DETA L AS IN AN ACTUAL TELEVISION IMAGE OF 
525 LINES. THIS IS A SCENE FROM ONE OF THE =RANKLIN FIELD FOOTBALL GAME SERIES 

TELEVISED 3Y PHILCO 



A Review of Philco 

Part I 

TELEVISION PROGRESS 

Program of Research on Methods, Standards, and Physical 

Equipment, Carried on from 1928 to 1941 

BY E. N. ALEXANDER * 

SHORTLY after the false boom in mechani- 
cal television in 19á6 and early 19'27. the 

Philco Corporation decided to investigate this 
new communication medium. To pursue this 
investigation. Philco built and staffed the 
necessary experimental laboratories. studio, 
and transmitting facilities to receive front the 
Federal Communications Commission in Janu- 
ary 10:32 an experimental television broad- 
casting license and call letters W3XE. This 
was one of the first electronic television sys- 

Program Manager, Philco Radio k 'television Cor- 
poration, Philadelphia, l'a. 

tents in the United States on the air and so 
licensed. 

l'hilco's television broadcast experience 
might well be considered a record since. from 
1932 to date, it has operated 1V:3XE and its 
associated relay transmitter \V3 \ l' a total of 
almost (3,013(3 hours. 

In its authorization of commercial tele- 
vision the Federal Communications Commis- 
sion has prescribed a minimum 13 hour 
broadcast week. Our log of almost 6,000 hours 
on the air, on that basis, would total over 
seven years of continuous operation. 

Naturally only a small portion of these 

FIG. 2. BIRD'S -EYE MAP OF PHILCO'S CONNECTIONS FOR HANDLING REMOTE TELEVISION PICKUPS 
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FIG. 3. MAIN STATION ANTENNA FOR VIDEO 
AND AUDIO SIGNALS, ATOP PHILCO FACTORY 

transmissions were of entertainment programs. 
since the period 193.1 to 1939 was dedicated to 
research. P.lrerimentation. and developeu ut 
to aid in determining acceptable television 
standards. Since the readers of bit Magazine 
are drawn from all branches of the radio 
industry. perhaps some of the outstanding 
developments and contributions to the art of 
television resulting from this program of 
research would he of interest. 

DC Transmission * Seven years ago, we devel- 
oped the transmission of I)C components in 
television pictures. This development en- 
ables the transmitting operator to have com- 
plete control over the range of tone in the 
reproduced picture. This conception has subse- 
quently been adopted by the B.I3.C. in England 
and the .lmerican television stations. 

High Fidelity Picture Transmission * We have en- 
deavored constantly to obtain the highest 
order of fidelity in television. .1s a part of this 
program. we sponsored the li -na. channel in 
an effort to achieve more than the :343 lines 
then generally believed acceptable. I'hilco 
was the first to transmit a 11I -line picture. 
This t";is done ill a television demonstration 
at the Franklin Institute, Philadelphia. in 
January 19:17. This. however. did not sat isfy 
our engineers. They have constantly c peri- 
molted to achieve greater picture fidelity and 
are now pleased with the decision of the 
indnsl ry to employ better than .1111) lines as the 
television standard for the United States of 
.1nurica. (ht \lay :3. ttIII. the Federal Com- 
munications (onunission of the United States 
approved 3!. lines as standard. 13XE has 
been broadcasting e\periuuntally on .,'là lines 
since September Ili. 1910. 

Sesqui -Sideband Transmission * In addition to 
demonstrating the superiority of increased 
line structure for higher picture fidelity. we 
further advocated for the same purpose sesetui- 
sideband trainnissions..ls early as 1936 l'hileo 
initiated experimentation on sesclui- sidebaud 
filters. During 1988 we designed. built. and 
installed the first sesclui- sideband television 
picture filter and were first on the air with a 
successful ses(IIi- sideband program trans- 
mission. This development ha- made it possi- 
ble to achieve higher picture fidelity within the 
allocated channel,. 

Ion Spot Trap * .1 few years ago. the most objec- 
tionable ion spot. the dark spot tvhich ap- 
peared on picture tubes after short periods of 
use. had almost become an accepted limitation 
of these tubes. To remove this defect. our 
engineers developed a unique type of construc- 
tion for the electron gun and tube. That 
annoying inn spot is now a tiring of the past. 

Flat -Faced Tubes * . not her accepted limitation 
of the television picture tube was its so- called 
..onion" or bulbous shape. It was thought 
necessary to make the viewing surface of the 
turbo eonyex so as to ecitlnstaul the external 
pressure over the large evacuated Volume. 
This shape, however. resulted in optical dis- 
tortion of the picture as well as acting as a 
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FIG. 4. "STAND BY" -SCENE IN THE TOWER CONTROL ROOM, DIRECTLY BENEATH THE TELEVISION 
ANTENNA. AS DIRECTOR WARREN WRIGHT READIES A TELEVISION SHOW 

convex mirror to pick up extraneous light 
reflect ions front every direction in the room. 
regardless of the position of the viewer. Our 
research engineers believed that these dis- 
advantages would be objectionable to the 
viewers. As a result, they developed the Philco 
flat -faced safety tube which, by virtue of its 
perfectly flat glass viewing surface, 5A-in. 
thick, not only eliminated the optical limita- 
I ions of its predecessor but, in addition, it 
has been found to be a tube 
of unusually safe construc- 
t ion. 

Black- and -White Pictures* Dur- 
ing I green colored tele- 
vision pictures were gener- 
ally considered satisfactory. 
Our engineers were of the 
opinion that black -and- 
white cont rast was a primary 
requisite of the viewing 
public, and in February, 
3!333 they developed and 
demoust rat ed black -and- 
white television pictures of 
such outstanding merit that 
now most television picture.: 
approach t his black -and- 
white contrast. 

Rectangular Tubes * Philco has 
originated and imilt rectang- 
ular- shaped cat hode-ray 

picture tubes which accommodate a consider- 
ably larger -sized picture than the circular type. 
since they have less evacuated volume and are. 
therefore. less hazardous. 

Television Transition Effects * To seenre wipes. 
fades. dissolves. roll acts, and other transitions 
commonly associated with motion picture 
prcdlnctiou technique. our engineers invented 
new and impr.i\ o I mixing amplifiers for multi- 

ple television camera opera - 
t ion. These outplif iers 
permit the director of a tele- 
vision program to use the 
same transition effects that 
the movies have found so 
desirable to maintain con- 
tinuity and to enhance in- 
terest. Application of this 
invention will aid materially 
in lending a smooth. "pro- 
fessional" appearance to 
television productions. 

140 -Mc. Transmission *In order 
to relay televI- Hm programs 
from remote points to the 
main television transmitter 
for rebroadcast. we have suc- 
cessfully conducted a series 
of both test and program 
transmissions on ?40 mc. 
These I cst s, of coil rse, cover 
transmitting and receiving 

Tuts is the first information 
made public concerning a tele- 
vision research and develop - 
ment program on which Philco 
has spent over $111.000,000. 

Pushing ahead steadily and 
quietly, Mile() has climaxed 
its efforts by producing an 
elaborate weekly schedule of 
television programs, although 
the audience is limited to mem- 
bers of its own organization. 

This has been dune to cheek 
transmitter and receiver per- 
formance, program technique. 
and audience reaction. Philco 
has not offered television sets 
for sale to the public. 

The conclusion of i1r.:11ex- 
ander's article will appear in 
the August issue of FM Maga- 
zine. 



PAGE 8 PHILCO TELEVISION PROGRESS JULY 

FIG. 5. PHILCO STUDIOS USE -WO TELEVISION CAMERAS FOR TRANSMITTING FULL -LENGTH 
MOVIES. THE MONITORING CONSO'_E IS LOCATED BETWEEN THE CAMERAS 

circuits. apparatus and technique. and have 
emphasized the importance of these high fre- 
quency channels in future television work. 

Frequency Mcdilated Sound * The Federal Com- 
munications Commission in their report of 

FIG. 6. CAMERA FOCUSED ON BROAD STREET, 
READY TC TELEVISE MUMMERS' PARADE 

May 3, 1941, requires that the sound accom- 
panying television broadcasts be transmitted 
by frequency modulation. Five years ago, 
our engineers developed an FM circuit which 
is now used not only in our television sound 
transmissions, but also in our FM radio -re- 
ceivers, with exceptionally good results. 

Cable Transmissions * In conjunction with the 
remote program originations. we have con- 
ducted extensive research into the problem of 
transmitting video frequencies with fidelity 
by wire. Some of this work has been done in 
conjunction with the Bell Telephone Labora- 
tories, and many experimental program trans- 
missions have been made over a matched 
telephone -pair wire -link of considerable length. 
Further. Philco research laboratories have 
developed special balancing amplifiers to 
permit the use of long lengths of ordinary 
cable for the transmission of these frequencies 
on temporary installations. 

The results of these studies will be most ap- 
preciated with the advent of numerous remote 
transmissions when television reaches a com- 
mercial basis. 

Push Button Tuning * We have used push buttons 
for convenient, accurate tuning for the selec- 
t ion of television sound and picture channels 
,inee earl' 1938. 

Built -in Antennas * As in standard broadcast 
receivers. Philco was early to develop and 
demonstrate a practical built -in antenna sys- 
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FIG. 7. HEAVY PLATE GLASS FRONTS PHILCO FLAT -FACED PICTURE TUBES. THUS, INTERFERING 
REFLECTIONS SEEN ON CONVEX SCREENS ARE ELIMINATED 

teul for television receivers. 'l'he advantages 
of such a system are: 

1. The material reduction of diathermy. auto- 
mobile and other forms of man -Illude inter- 
ference with a resulting improvement in 
the signal -noise ratio, by simply rotating 
the antenna control at the receiver and 
making use of its directional properties. 

'2. The elimination of costly and unsightly 
outside television antenna structures in 
most c a m . where the receiver is located in 
a primary service area. 

3. A television receiver incorporating this 
plug -in-and- operate feature is as moveable 
for cleaning or room rearrangement as a 
comparable radio model. 

Natural Color Television * Considerable space has 
been given in the newspapers recently to the 
possibility of natural color television. We pro- 
duced experimental color television more than 
three years ago. Many additional problems 
remain to be solved, but the solut ion of these 
problems is looked for in the years to come. 

Synchronizing * EMerricai am/ iechanical 
rhroni im, Generator. In the belief that tele- 
vision pictures are no better than the synchro- 
nizing which holds them in position. during 
1934 we instituted a comprehensive program 
to stabilize and improve synchronizing cir- 
cuits. One of the first milestones of progres, 
was the electro-mechanical synchronizing 
generator. At that lime. the most reliable 

method known for generating synchronizing 
impulses was the mechanical disc synchroniz- 
ing generator. We realized that in a system 
such as this, minute inaccuracies were un- 
avoidable. To remove these inaccuracies and 

FIG. 8. EIMAC 1,500 -T TUBES ARE USED IN THE 
FM SOUND TRANSMITTER 
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FIG. 9. SOUND CONTROL AT FRANKL N FIELD HAS 4- POSITION MIXING AMPLIFIER AND 
COMPLEX ORDER SYSTEM CONNECTED WITH A TOTAL OF 5 TELEVISION CAMERAS 

improve the resultant synchronization, our 
research engineers invented a combined elec- 
tro- mechanical synchronizing generator. This 
electro- mechanical synchronizing generator 
has proved to he the logical step to all eke- 

FIG. 10. PROJECTIONIST LOOKS AT IMAGE ON 
CAMERA TUBE DURING MOVIE PROGRAM 

trono synchronizing now accepted generally 
Icy the television industry. 

Quenched Synchronizing * The next step in this 
program was the invention of the quenched 
synchronizing circuits. These circuits made 
the synchronizing oscillators insensitive to 
extraneous or static pulses except at the time 
synchronizing pulse was expected. This re- 
sulted in the most stable synchronizing pulse 
then conceiye(I. 

Noise Discriminating Circuits * Noise discriminat- 
ing circuits auul noise gates, as applied to the 
synchronizing pulses. were then produced. The 
increase in effectiveness in the synchronizing 
pulses resulting from the use of these circuits 
has been generally realized as shown by the 
use of these circuits today. 

Automatic Synchronizing Control * Realizing that 
synchronizing oscillator systems are cumber- 
some, costly. and difficult to operate manually, 
and that a minimum number of controls would 
he welcomed by the public. pioneering was 
done in the field of automatic synchronizing 
control. Field tests of this system have proven 
most satisfactory. 

Narrow Vertical Synchronizing Pulse * Another type 
of synchronizing improvement developed 
by Philco was the narrow, vertical pulse 
which, because of the definite distinction made 
between the horizontal and vertical pulses, 
made these pulses more readily distinguish- 
able at the receiver. 
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SCENE IN THE TELEVISION BOOTH DURING A REMOTE PICK -UP, USING TWO CAMERAS 

Alternate- Carrier Synchronizing * 'These synchro- 
nizing studies 1,1 to the development of alter- 
nate- carrier synchronizing. This system uses 
synchronizing pulses on an alternate trans- 
mitter carrier higher in frequency than the 
picture carrier. This alternate carrier is only 
present for the duration of the synchronizing 
pulse, and replaces the picture carrier which is 
present at all other times. Actual field test 
measurements of this system show a. /ire times 
increase in synchronizing signal from the same 
transmitter power. This development, we be- 
lieve, will extend appreciably the effective 
service area of any television station, enabling 

FM STATIONS PREFERRED FOR 

NATIONAL DEFENSE 
If the United States should declare war on 

Germany, it is unite possible that F\I hroad- 
cast stations %% ill he permitted to operate tcith- 
out restriction, while .1 \I broadcasting may he 
seriously curtailed. 

'l'he reason is that FM signals do not, nor - 
mall, carry beyond the horizon, which means 
a distance of 311 to 73 miles. and cannot be 
used as beacons for hostile aircraft approaching 
our shores. 

On the other hand, 30-kw. AM tran,witters 
along the seaboard give dependable signals. 
adequate for operating radio homing devices. 
1,111111 miles or more out to sea. Thus, with very 

trouble -free reception in areas where the pic- 
ture was formerly destroyed by static from 
such everyday devices as vacuum cleaners, 
kitchen mixers, electric razors, doorbells. 
and automobiles. We are, therefore, proposing 
that this synchronizing method be adopted by 
the industry as standard. 

EDITOR'S NOTE: l'art ' of Mr. .tlerander's 
article nv!! appear in the August issue of FM 
.Magazine. In this concluding part he will (leal 
with Nue development of television program 
technique, tested by the reactions of ff:1XE'. 
prirate audience. 

simple equipment. pilots can fly straight to any 
of our important cities. 

It is a well -known fact that signals carry 
more effectively from the United States in the 
direction of Europe than they do from Europe 
to the West. 

Of course. FM signals are heard occasionally 
at surprising distances, but these cases are 
so rare and unpredictable that enemy aircraft 
could not depend upon such stations to serve 
as radio beacons. 

In ease it is found necessary to close down 
.1 \I stations. even though for only periods 
of emergency. owners of A -FM receivers 
within FM service areas may become listen- 
ing posts of great importance to their communi- 
ties. 
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New York: WOR's FM station W73NY will go to 
full power with a new 10 -kw. W.E. transmitter 
about August 1st. 

Baton Rouge: 1V43RG, operated by WJ130, is on 
the air. using an RCA installation. 

Silent Switches: Introduced by G.E.. Schen- 
ectady. to control motors up to 3 H,I'., so 
that FM mikes will not hear them. 

Frank Kennedy: 1)on Lee, chief engineer, is get- 
ting ready to install V.E. FM transmitter on 
1,700 -ft. Mt. Lee. at Hollywood. Calif. Call 
will be 1K4:í1..1. A 6 -hay turnstile on a 70 -ft. 
mast will he erected on a 230 -ft. tower. 

New Hampshire: State police are using Motorola 
F\1 transmitter to talk back to headquarters 
from patrol cars. 

Chicago: Zenith is pushing 50 -kw. FM transmit- 
ter toward early completion, under direction 
of J. E. Brown. This will boost W5IC's present 
low -power service greatly. 

G,E.: Contrary to reports, they will have a 
new and larger A -FM line soon. One model 
houses the Translator in what appears to be 
a row of hooks. 

New Jersey: Has appropriated $120,000 for state - 
wide, 2 -way FM police system. 

New York City: Is now running tests and measure- 
ments preparatory to shifting from AM to 
i -way FM for police communication. 

Dick Devaney: Of Pittsburgh's Radio Electric 
Shop reports: "It looks as if this is going to 
be an FM year in this City." 

FCC: Has loosened up on New York City's 
FM applications by granting C.P.'s to Inter- 
state Broadcasting Company. W39NY: Muzak 
Corporation. W47NY: Municipal Broadcast- 
ing System. W33NY. 

FM Promotion: l'hileo will use transcriptions on 
400 stations to promote their new A -FM line 
of radio receivers and combinations. 

John E. Lingo: Of Camden. N. J.. will supply an 
additional mast to increase the height of 
Major Armstrong's antenna at Alpine. 

John Woodward: Has left Cleveland's FM station 
11 131)1': to join the engineering firm of Ring & 
Clark, Washington. I). C. 

Rural Service: FCC complains that AM stations 
do not attempt to give adequate rural service. 

PHILCO'S A -FM TABLE MODEL IS PRICED AT 
$49.50. DELIVERIES ARE JUST STARTING 

This is another reason for action on applica- 
tions for FM C.P.'s. 

Los Angeles: C.P. has been granted to Standard 
Broadcasting Company for 43.1 me.. covering 
3,11011 square miles. 3,000,000 population. 

Freed Radio: Included in fall line of A -FM sets 
will 1w models with tuned RF amplification 
for extra distance, improved static suppression. 

F. M. Link: If a loud noise is heard on West 
19th Street. New York City. it will be because 
increased business now has the factory walls 
bulging to the bursting point. 

Klaus Landsberg: Of l)IlMont is getting ready 
to follow a television transmitter to Television 
Products, Inc., Los Angeles. where he will 
install the equipment and carry on as chief 
engineer. 

Static: Current enthusiasm over FM's elimina- 
tion of summer static reminds us that when 
Major Armstrong first demonstrated his sound 
recordings of AM and FM reception made dur- 
ing a thunder storm at Haddonfield. N. J.. in 
1933. engineers listened dubiously. were not im- 
pressed by lack of grinders from FM receiver. 

RCA: Now has literature on 2 -way emergency 
FJI equipment ready for distribution. 

WTIC: What happened to the high -power FM 
transmitter they were going to put on the air 
months ago? 

Doc Caldwell: Editor of Radio Today has an 
FM speaker concealed in a clump of evergreens 
in his garden at Greenwich. Conn. Free of sum- 
mer static, he says music sounds as if it comes 
from an urcl.cstr.a hidden in the trees. 
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NEWS PICTURE 

Franklin Institute Award. 'l'üi. ,,cur presented tu Major Edwin: I1. Armstrong. left, Professor of 
Electrical Eng :veering ut u ..I iniliia University. The Franklin \leda' is awarded each year. from 
a fund estahlishcd by the Tale Samuel I to those workers in physical science or technology, 
without regard to country. whose efforts have doue mist to advance the knowledge of physical 
science or its application.- The award to Jlajor Armstrong was not only in recognition of his 
invention Bof Frequency Modulation. lout of his Superheterodyne circuit ineentiun and other 
essential emit r L,utious to the radio art. At the right, above, is Ralph A. Bard. Assista nt Secre- 
tary of the Navy. who received the Cresson Medal. 
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?WAY LINK FM EQUIPMENT DATA 

Circuit Analysis of 25 -UFM Transmitter and 11 -UF Receiver, Part 2 

BY FREDERICK T. BUDELMAN * 

11 -UF Receiver Data *'l'he i F receiver is an 
I I t ry sial- control. single frequency, fre- 
quency modulation. superheterodyne receiver 
designed particularly for the reception of 
frequency modulated signals of the type gen- 
erated by the e5 -ITFM mobile transmitter. 
Frequency range -30 -40 me. 
Frequency deviation --±15 kc. 
Audio response - ±3 db. 300 -3000 cycles 

(sharp cutoff filter attentuates frequencies 
above 3(1110). 

Power supply --External -usually vibrator 
VI'A -3A. 

Power input --6y. at 6.5 amps. 39 watts. 
Output impedance -500 ohms. 
Control -Remote- coiirdinated with 25 -I1FM 

control. 
Weight -17% Ills. 
Size -9 by 13 by 7% ins. high. 
Power output -1 watts, watts peak. 
The 11 -UF receiver utilizes 11 tubes in a 
unique multiple superheterodyne circuit. The 
tube types and their uses are as follows: 
1- 6SJ7 -RF amplifier 
1 -6K8- -First detector 
1-6V6- Crustal oscillator -multiplier 
1 -6K8- Second detector, crystal oscillator 
1-6SJ7- IF amplifier 
1 -185`? -First limiter 
1 -1854- Second limiter 
I -6 H6 -I) iscrim inator 
1- 6H6 -AVC, squelch filter 
1 -6C8G -First audio, squelch 
1 -6K6GT -Audio output 

Two quartz crystals are employed to insure 
stable receiving conditions under all variations 
of temperature and humidity as well as under 
the severe vibration encountered in mobile 
service. The double IF system makes possible 
excellent band pass characteristics with a very 
favorable image ratio. 

Two tuning meter jacks are located on the 
front of the receiver chassis. One is of the con- 
ventional AVC plate current type as com- 
monly used on equivalent amplitude receiv- 
ers, and the other is to permit adjustment of 
the balance of the discriminator circuit. The 
former requires the use of a O to 10 milli- 
ampere meter while the latter requires a 50 to 
100 microammeter, center zero type preferred. 

Chief Engineer, F. M. Link, 125 W. 17 St., New York 
City. 
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Receiver Circuit Analysis * The antenna input of 
the 1I 4 "l'' is designed to feed from a 70 ohm 
concentric line. A 6SJ7 serves as a high gain 
RF amplifier with tuned circuits in both grid 
and plate for maximum efficiency. AVC is ap- 
plied to the grid of the RF amplifier and plate 
current variations may be utilized to actuate 
a tuning meter thus facilitating alignment of 
the receiver. A closed circuit jack in the cath- 
ode circuit will accommodate a 0 -5 or 10 ma. 
ureter for this purpose. 

'l'he output of the RF amplifier is converted 
to the first IF frequency of 5.000 ke. in the 
following 6K8 first detector by beating against 
the output of the local oscillator. 

'l'he local oscillator is a crystal controlled 
bean] power pentode, 6V6. The tank circuit is 
tuned to the fourth harmonic of the crystal 
and a portion of the voltage appearing across 
it is injected into the first detector to obtain 
the desired frequency conversion. 

The 5,(10(1 kc. output of the first detector, 
after passing through the IF transformer T3, 
is again converted in the following 6K8 second 
detector to the final intermediate frequency of 
4.56 kc. This is accomplished by using the 
oscillator portion of the Gh8 tube as an aperi- 
odic oscillator with a 5.156 kc. crystal con- 
nected between plate and grid. This crystal is 
of the sanie high quality as the signal frequency 
crystal. 

The beat between the 5,000 kc. output of the 
first detector and the 5,436 kc. crystal result 
ill the final intermediate frequency of 456 kc. 
which is amplified, passed through the IF 
transformer 'l'4 and applied to the 6SJ7 IF 
amplifier. Here it is further amplified and ap- 
plied to the grid of the first limiter, 6ÁC7%1854. 

The output of the 6517 IF amplifier is also 
coupled to one of the diode sections of the 
6116 AVC tube where it is rectified. 'l'he re- 
sultant negative voltage is applied to the con- 
trol grids of all the preceding tubes with the 
exception of the first detector for automatic 
volume control. 

'l'he two following stages utilize 6ÁC7 %18:iá 
tubes as current limiting amplifiers, and the 
circuits and actions of the two stages are 
identical. The tubes are operated at low plate 
and screen voltage, 75 volts, and without bias 
except that derived from the grid leak and 
condenser combinations ß44C27, and R48C32. 
These stages act as class C amplifiers, giving 
no increase in output current or voltage once 
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the impressed grid voltage has exceeded a 
threshold value of about d volts RMS. Voltages 
above this value cause increasing rectification 
in the grid circuit, automatically setting up a 
bias to limit the peak plate current. Due to the 
low plate and screen voltages the saturation 
occurs at a low level of grid voltage. 'l'he time 
constant of the grid leak and condenser is 

chosen to be long compared to the IF fre- 
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WIRING DIAGRAM OF THE DASHBOARD CON- 
TROL BOX AND CABLES TO RADIO EQUIPMENT 

quency, 456 kc., but short enough to follow 
rapidly fluctuating, high frequency noise peaks. 

By cascading two such stages, the limiting 
effect of one tube is multiplied by the limiting 
effect of the other and essentially perfect limit- 
ing is obtained. Furthermore, by properly 
proportioning the circuit constants of the first 
limiter, the input to the second limiter grid is 

maintained at the optimum voltage for most 
effective action. 

Sufficient gain is incorporated in the re- 
ceiver so that the smallest incoming signal 
which could be considered comparable with the 
noise generated in the grid circuits of the first 
tube, i.e. about .5 uv, causes saturation of 
the second limiter. 'l'he first limiter is in turn 

saturated by signals of 5 uv. or over. The 
AVC circuit maintains the input to the first 
limiter at an optimum level. 

The output of the second limiter. free of 
amplitude variations, is fed through the dis- 
criminator transformer T7 to the 6116 bal- 
anced detector. The primary and secondary of 
the discriminator transformer are coupled both 
inductively and capacitively. Two voltages of 
different phase are thus applied to each half of 
the 6116. The discriminator is so adjusted that 
when a steady carrier, 456 Ice., is received, the 
voltages applied to the two halves of the 6116 

cause equal and opposite currents to flow 
through the load resistors 1153 and R54. 'l'hus 
the resultant voltage appearing across the two 
resistors is zero. 

If any other frequency than 456 kc. appears 
at the discriminator, the out of phase com- 
ponents at the 6116 will be unbalanced and a 

positive or negative resultant voltage will ap- 
pear across 1153 and 11.;1. The sign and magni- 
tude of this voltage will follow the impressed 
IF frequencies rather than amplitude changes 
in it. In this manner an audio voltage. varying 
in amplitude, is derived from the frequency 
variations of the incoming signals. 'l'he fact 
that the resultant 1)C output voltage of the 
discriminator and detector should he zero when 
a carrier of the correct frequency is impressed, 
is useful to assist in tuning this transformer. 
A jack is connected through filter resistors 
Rdd and 11d3 to the output of the 6116 so that 
a sensitive microanuneter (0 -1110 center zero 
type preferred) may be plugged in and the 
necessary adjustments made for zero reading. 

The audio frequency output of the discr' 
nator is passed through a restorer network con- 
sisting of 1143 and Cdl where some of the high 
frequency pre- emphasis introduced at the 
transmitter is removed. The audio frequency 
is then applied to the second grid, Gd, of the 
dual triode audio amplifier 6C8G. 'l'he first 
triode section of the 6C8G is used to disable 
the second triode section when no carrier is 

received. Under this condition the grid GI of 
the first triode is essentially at ground poten- 
tial causing plate current to flow through Rd7 
and putting the plate Pl at or near ground 
potential. Since cathode Ind is held at a rela- 
tively high positive potential by the voltage 
divider R10, Rd0 and Rd6, the audio triode 
section is cut off, and no audio output can he 

heard. When a signal i'. received, the negative 
voltage appearing across the limiter grid re- 
sistor R48 is taken off through the filter re- 
sistor 1147 and applied to the squelch control 
potentiometer 1143. A portion of this voltage 
is applied through resistors R44 and R51 to 
111 and cuts off the squelch triode. When this 
happens the plate l'l and grid Gd assume the 
potential existing at the junction of Rl9. ReO, 


