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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 
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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 

THE RADIO ENGINEERING NEWS JOURNAL OF BROADCASTING, COMMUNICATIONS, AND TELEVISION 
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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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THE AAOH ENOIMEEAINO NEWS 10111MAL If IAOAOCASTINO. 

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, 
% 

THE RADIO ENGINEERING NEWS JOURNAL OF 

BROADCASTING, COMMUNICATIONS & TELEVISION 
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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 
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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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PAGE 6 PHILCO TELEVISION PROGRESS JULY 

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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1941 PHILCO TELEVISION PROGRESS PAGE 1 

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. 
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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. 

12 
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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. 

13 
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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- 

71t 
LIV 
givio, i 

. 4. 

U 
r 

VA",,.., 

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, 
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R46 and R47. Thus the audio triode functions 
as a normal self biased amplifier with cathode 
resistor R46. The operating point of the 
squelch triode. and therefore the squelch sensi- 
tivity. may be varied by setting the squelch 
grid more or less negative by means of the 
squelch adjustment 1143 to compensate for 
existing noise conditions. The switch in the 
plate of the squelch triode is primarily in- 
tended to render the receiver operative during 
alignment and servicing. 

'l'he squelch delay diode. in the grid circuit 
of the squelch triode, acts as a slow action, fast 
release delay on the squelch to prevent the 
receiver from opening on high level noise peaks 
that are of short duration. 'l'he delay circuit 
is composed of the diode, a 5 megohm resistor 
R51, and a .05 mfd. condenser C40. As pre- 
viously stated, the grid of the squelch triode 
and. hence, C40 is at ground potential when no 
signal is received. When a noise peak is re- 
ceived and rectified in the detector, a negative 
voltage appears across the squelch potentiom- 
eter R43 and is applied through the isolating 
resistor R49 and R51 to C40 and squelch grid. 
However, C40 is at ground potential and it will 
take an interval of time to charge it to a suffi- 
ciently negative potential through the 5 
megohm resistor 1151 to cut off the squelch 
triode. Before C40 can accumulate sufficient 
charge, the noise peak is already past and the 
squelch has not opened. To prevent the charge 
in C40 from accumulating during successive 
noise peaks it is quickly discharged through 
the diode during the intervals between peaks. 
During these intervals. 1143 is at ground po- 
tential and hence, positive with respect to the 
recently charged condenser C40. By placing 
the diode between 1143 and the condenser C40, 
it will conduct the charge off C40 very rapidly 
and reset it for the following cycle when the 
next peak comes in. 

Due to the design of the limiters, the squelch 
circuits and the audio amplifiers, an excellent 
degree of noise discrimination is obtained in 
the 11 -UF. The squelch may be set so that a 
signal of less than one microvolt will com- 
pletely open the receiver while noise peaks of 
very high intensity will not be received. 

The 6C8G audio amplifier is followed by a 
6K6G'I' output pentode with the volume con- 
trol in the grid of the output tube and located 
at the remote control point. 

A sharp cut off filter precedes the output of 
the receiver to attenuate frequencies above 
8,000 cycles. This results in crisp and pene- 
trating speech that makes for good intelligi- 
bility under the adverse noise conditions en- 
countered in mobile applications. 

Maintenance of 11-UF Receiver *'l'he receivers are 
carefully tuned at the factory to the specified 

JULY 

operating frequency and need not he retuned 
upon installation. however, routine mainte- 
nance checks should include realignment of the 
antenna transformer, the 11F transformer Ti, 
the 5,1111) kc. transformer '13, the oscillator 
transformer 'l'9 and the discriminator trans- 
former secondary 'l'7. The correct settings of 
these transformers have been marked with red 
and these markings should he used as a guide 
in making any adjustments. 

'l'he equipment needed for tuning these 
stages is a 0 -5 or 0 -10 ma. tuning meter, a 0 -50 
or 0 -100 nicroanuneter, preferably of the cen- 
ter zero type. a 450 -volt meter, and a source 
of signal on the carrier frequency that can he 
attenuated to u low value. 

The oscillator tuning can be checked by 
measuring the voltage between the tuning con- 
denser shaft on 'T9. and ground. 'Tuning should 
be adjusted accurately for maximum voltage. 
With some frequency crystals, more than one 
voltage peak may he observed and the factory 
marking of the correct setting should be used as 
a guide to arrive at the proper point. 

With the tuning meter plugged into the jack 
so marked, a signal just strong enough to give 
a noticeable deflection on the meter is applied 
to the receiver input. It should be noted that 
for these adjustments the signal source must 
be accurately adjusted to the proper frequency. 
Signal generator calibration charts are not ac- 
curate enough for this purpose. The input sig- 
nal should either be obtained by direct pickup 
from a crystal controlled transmitter or from 
a signal generator which has been adjusted to 
zero beat against a crystal controlled trans- 
mitter on the correct frequency. The 5,000 kc. 
transformer T3 and the RF transformer 11 
are adjusted for minimum current on the meter. 
In adjusting the secondary of the 5.000 kc. 
transformer. it is possible to tune it to the 
5,456 ke. crystal rather than the incoming 
signal. This condition will result in the decrease 
of the tuning meter reading almost to zero and 
thus it can easily be recognized and avoided. 
Here too, the factory marking should serve 
as a guide. With the antenna connected to 
the receiver, the antenna adjustment is next 
tuned to a weak radiated signal for minimum 
meter reading. It should be stressed that tun- 
ing of the 1W stages should be made to as weak 
a signal as possible, since strong signals cause 
large A\ C voltages to appear at the tubes and 
result in slight mistiming. 

The discriminator transformer secondary is 
next adjusted by inserting t h microanupeter 
into the jack marked "BALANCE." While a 
strong signal is being received, adjust the sec- 
ondary of the transformer for zero reading of 
the meter. Since the polarity of the voltages 
appearing at the balance jack will change with 
tuning, if a zero center nicroapueter is not 
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SCHEMATIC AND PICTURE DIAGRAM OF THE LINK 11 -UF RECEIVER USED FOR 2 -WAY EMERGENCY 
COMMUNICATION. THIS RECEIVER OPERATES WITH THE 25 -UFM TRANSMITTER 

aVailaLlc a Ilularity-rcVcr.in; un the i thoroughly insulated ..crcw- 
nlicruatnuutcr will facilitate the waking uf driver tunst he used when making this ad- 
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l'in R.F. 
No. 65,17 

2 -WAY LINK FM EQUIPMENT DATA 

CHART TYPE II -UF RECEIVER 

I.F. Lim. Lim. Dise. 
65.17 185e 1852 6116 

JULY 

('onv. 
6K8 

VOLTAGE 

Cony. 
6K8 

A.F. 
GCS( 

.k.F. 
ß;K6 

A.V.C. 
6116 

Ose. 
6V6 

1 0 0 0 0 0 0 0 0 0 0 0 
2 O 0 0 0 0 0 í6.8V 0 0 0 0 
3 0 95 100 0 0 0 -50 160 235 -2* 50 -125 
4 0 95 100 0 0 0 -3* 75 25(3 -0.5* 145 
.5 4.1* 1) -2 8* 4* 0 0 -20 0 0 0 0 
6 135 0 45 140 .57 7(1 -37 13 0 -0.3e 0 
7 ±6.3V ±6.3V í6.3V í6.8V ±6.3V ±6.3V 0 ±6.3V í(3.3V í6.3V ±6.3V 
8 4513 2.4* i.6* 230 57 70 0 0 25 3.9* 0 

Power supply voltage - 250 volts. 
Meter resistance: 250)0 ohms- per -volt. All readings taken on 250 -volt scale except those marked *, which were taken on 

10 -volt scale. No signal input, squelch OFF. 
For no signal input, squelch switch ON, readings on 6C8G pin 3 - 240 V.; on pin 4, 65 V.; and on pin 6, 13 volts. 

justment since even a small amount of metal 
in contact with the tuning condenser shaft will 
cause the timing to change. The primary of the 
discriminator transformer T7 is sealed at the 
factory and need never be adjusted. It will he 
found that this circuit is so "band -spread" and 
over- coupled, that there is no possible change 
in tuning of the primary that cannot be com- 
pensated for by readjusting the secondary. 
When any of the tubes associated with the 
foregoing circuits are changed, the circuits 
should be retuned. The small variations en- 
countered in tunes may cause a marked de- 
tuning at ultra high frequencies. 

Sensitivity Check * If a signal generator whose 
output is calibrated in microvolts, or one whose 
output can be attenuated to a low level, is 
available, the sensitivity of the receiver can be 
checked. When the receivers are shipped from 
the factory, their sensitivity is such that a sig- 
nal of one microvolt or less, when applied to 
the antenna connector, will cause the squelch 
to open when the squelch switch is in the ON 
position and the squelch control set to its most 
sensitive position, i.e. completely counter 
clockwise. If a signal generator whose output 
can be attenuated but which is not directly 
calibrated is available, it can be checked 
against a new receiver. The attenuator setting 
at which the squelch circuit just opens can be 
noted and other receivers can be checked for 
sensitivity against this criterion. 

11 -UF Service and Tests * Alignment of the RF and 
oscillator stages may be made whenever it is 
thought that the sensitivity of the receiver has 
fallen off due to detuning, but nothing is to be 
gained by retuning the IF transformers since 
their adjustment is so broad that once they are 
set at the factory, the adjustment will hold. 
However, should the frequency of the receiver 
be changed, or any of the IF transformers re- 
placed, readjustment can be made in accord- 
ance with the following instructions: 

In setting up the receiver for operation on a 
frequency in the 30 to 40- megacycle band other 
than that for which it was tuned at the factory, 
or if a complete realignment of the receiver is 
desired, a crystal of the right frequency for the 
new operating frequency is inserted in the 
crystal socket beside the 6V6 oscillator tube. 
The oscillator frequency is one -half the differ- 
ence between the signal and the 5,000 kc. IF 
frequency, and the crystal is ground to one - 
quarter the oscillator frequency. The oscillator 
is adjusted by reading the voltage between the 
condenser shaft on 'l'9 and ground while tuning 
the condenser for maximum voltage. Since 
sometimes more than one voltage peak may be 
observed, the calibration stamp on the trans- 
former should be used as a guide to the approx- 
imate setting. The stamp reads from 1 to 10, 
and the red line on the tuning condenser shaft 
should he set opposite the number correspond- 
ing to the last digit of the new frequency, i.e. 
for 38 mc., set at 8. 

After the oscillator has been tuned, the RF 
transformer T3 may lw adjusted. While feed- 
ing a strong signal on the new signal frequency 
into the antenna, insert a tuning meter into 
the tuning meter jack and tune 'l'3 for mini- 
mum current. This transformer is marked in 
the same manner as the oscillator and the 
approximate setting can be arrived at in the 
same manner. The antenna transformer may 
next be adjusted for m' um current in the 
tuning meter. Once the approximate setting of 
the tuning controls is determined in this man- 
ner. the signal input is decreased until only a 
slight indication is obtained on the tuning 
meter and the adjustments on T1. T. 'I'3, 'I'4 
and the primary of 'I'S set carefully for mini- 
mum current in the tuning meter. The second- 
ary of T5 is after the AVC circuit and hence is 
adjusted for maximum current reading. The 
last IF transformer T6 is past the AVC circuit 
and the tinting meter will give no indication 
of proper tuning: rather a signal just strong 
enough to open the squelch is received and 
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adjustment made for maximum squelch open- 
ing or maximum audio. 'I] . input signal should 
be decreased if necessary luring this adjust- 
ment in order to keep the squelch just on the 
edge of opening so that a sharp indication may 
be had. It will be noticed when making these 
adjustments that the tuning is very broad and 
only a slight difference in the operation of the 
receiver results from any changes in adjust- 
ment. The discriminator transformer is next ad- 
justed by inserting a center -zero microam- 
meter in the jack marked "BALANCE" and 
adjusting the secondary of T7 for zero reading 
in the meter while receiving a strong signal. 
Since plate voltage is brought out to the tuning 
condenser shafts, the primaries can be differ- 
entiated from the secondaries by checking for 
plate voltage to identify the primary or plate 
adjustments. After the discriminator trans- 
former has been balanced, the signal should 
be removed from the receiver and the balance 
meter reading noted. If this reading is not zero. 
the primaries of I'6. 'F5 and '1'4 are readjusted 
until the reading is zero. This adjustment must 
be made with no signal input and the antenna 
cable entirely disc(wnected in order to accu- 
rately center t he pass band characteristics of 
the IF stages. 'l'he receiver is now in tune and 
only the antenna tuning need be adjusted upon 
installation. 

Receiver Failures * The receiver normally emits 
a loud his: when no carrier is being received 
and the tracing of this hiss through the re- 
ceiver presents a simple method of localizing 
failures that might occur. If the RF and two 
mixer tubes are removed from their sockets, 
most of the loud hiss should disappear. 'l'he 
remaining hiss is due to the noise generated 
in the grid circuit of the IF amplifier. When 
the second converter 6K8 is plugged in. the 
hiss should rise nearly to maximum m level. 
When the first 6K8 converter is added, the 
hiss will increase slightly, apparently indicat- 
ing that most of the noise comes from the 
second 6K8. This is actually not true, since 
the noise generated in the grid of the first 6K8 
merely overrides and masks the noise pre- 
viously heard. When the RF stage is added, a 
similar effect takes place but no increase in 
hiss level is normally heard since the second 
limiter is already saturated with noise. It is 
suggested that the service engineer familiarize 
himself with the sound of a normal receiver by 
removing the first converter, then the second 
and then the first IF amplifier. Then, if a 
failure should oeem. in the receiver, he will be 
able to localize it by the absence of the hiss. 
A voltmeter check can be rapidly made of the 
suspected stage since the plate voltages of the 
amplifier stages appear on top of the trans- 
formers at the tuning condenser shafts. 

A weak oscillator tube will result in insuffi- 
cient injection to the first converter and this 
in turn cause a tendency to regeneration or 
even oscillation in the converter. Debuting of 
the oscillator will cause the same condition 
and therefore the oscillator tuning should be 
checked in routine maintenance inspection. 
The condition of the oscillator can be readily 
checked by noting the plate voltage rise meas- 
ured at the oscillator tuning condenser shaft 
on T9. The oscillator plate voltage is depend- 
ent on the frequency of the crystal used. The 
lower the crystal frequency the lower the 
voltage. 

'l'he tuning meter reads the plate current of 
the 65J7 RF amplifier and thus check on the 
condition of this stage can easily be made. 
Furthermore, the operation of the entire re- 
ceiver up to the plate circuit of the first IF 
amplifier can be checked by noting the tuning 
meter reading with a signal applied to the in- 
put. Since the AVC voltage is taken off the 
plate of the first IF amplifier, decrease of the 
tuning meter reading with increase in signal 
input indicates that the receiver is operative 
up to that point. Sensitivity of the receiver to 
that point can be measured if a calibrated 
source of signal is available. It should require 
not more than IO to 15 microvolts input to the 
antenna to cause a noticeable deflection in the 
tuning meter. 

The 6K8 converter tubes may vary con- 
siderably in efficiency as converters at ultra 
high frequencies. Therefore a check on the 
sensitivity of the receiver should be made 
whenever one of then is changed. Tube testers 
offer no sure method of testing tubes for opera- 
tion at high frequencies and a much more 
rapid and satisfactory method of determining 
tube deterioration is by substituting a tube 
known to be good in place of the suspected 
tube and noting the difference in receiver 
operat ion. 

Squelch operation is obtained by utilizing 
the negative voltage caused by the rectified 
signal in the last limiter grid circuit and thus 
another check is provided. With the squelch 
control set to its most sensitive position, a 
signal of at most 1 microvolt should fully open 
the squelch and cause the receiver to operate. 
Weakening of the squelch tube generally mani- 
fests itself in failure of the squelch circuit to 
close and therefore a need to increase the set- 
ting of the squelch control in a clockwise direc- 
tion. Here, too, the best criterion for judging 
the efficiency of the tube is to substitute a 
tube known to be good in place of the one 
suspected. 

Other failures that may arise would be of 
the well -known resistor or condenser failure 
type that should be easily localized, since they 
manifest the same symptoms in an FM re- 
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SCHEMATIC OF THE VOLTAGE SUPPLY UNIT FOR THE 11 -UF RECEIVER 

ceiver as in an .tM set. Reference to the volt - 
age chart, circuit diagram and parts list should 
simplify the solution of this type of failure. 

Receiver Power Supply Data * The VPA -3A power 
supply is a synchronous vibrator B supply 
designed for use with the 11 -I'F receiver in 
mobile applications. It incorporates the most 
efficient and long -lived vibrator and circuit 
available, and affords a very reliable and 
economical method of obtaining B voltages. Its 
characteristics are: 

Input -6.0 v. at 3.5 amp. 
Output -250 y. at 60 ma. 
Type of vibrator- Synchronous Type 545 
Mounting -Base. with removable cover for 

servicing 
Size -8% by 41:¡ by :i ins. high 
Weight-- 7,14 lbs. 

Receiver Power Supply * The primary input to the 
power supply goes through the filter network 
CO, L2, C5 to prevent noise voltages from the 
vibrator getting back into the primary leads. 
The condensers CO and C5 are of special low 
impedance construction. while the method of 
winding L4 was dcveluped for maximum filter 
action. 'l'he primary voltage is applied to the 
center tap of the primary winding of the power 
transformer TI. 'l'he outer ends of the primary 
winding are alternately grounded Icy the vi- 
brator contacts. causing current to flow 
through the primary first in one direction and 
then in the other. The alternating currents 
thus generated set up magnetic fields in the 
core which in turn induce voltage in the high 
voltage secondary winding. I3uffer resistors RI 
and R2 on the primary. and buffer condenser - 
resistor Cl. R3 on the secondary tend to tune 
the transformer windings and reduce arcing at 

the vibrator contacts. The alternating voltage 
at the transformer secondary is mechanically 
rectified by a second set of contacts on the vi- 
brator, thns eliminating the need fora separate 
rectifier tithe. 

Since the vibrator alternately grounds the 
opposite ends of the secondary winding in syn- 
chronization with the AC voltage generated 
therein. the I)(' output voltage appears at the 
secondary center tap. Both ripple and "hash" 
voltages are present as AC components of the 
output voltage. 02 and LI act as hash filters, 
while C3, C111, and C4 reduce the ripple volt- 
age to a very low value. R4 acts as a bleeder to 
discharge the filter condensers and prevent 
accidental shock to personnel from accumu- 
lated charges. Input and output connections 
are made by means of polarized bayonet 
connectors. 

Servicing the Power Supply * The vibrator power 
supply has a minimum of parts. only one of 
which, the vibrator, is subject to wear and 
deterioration. Consequently, normal main- 
tenance consists only in checking the condition 
of the vibrator element. Due to recent im- 
provements in vibrator and vibrator circuit 
design, these power supplies provide B voltage 
in a very reliable planner. Vibrator failure is 
almost always preceded by a considerable 
period of decreasing output voltage. Periodic 
checks of the output voltage of the power sup- 
ply will usually indicate deterioration well in 
advance of failure. The II -l'.F. receiver will 
operate normally on voltages well below 200, 
giving ample factor of safety. 

With the exception of vibrator replacement. 
few possibilities of failure are present. An open 
electrolytic filter condenser causes hum in the 
receiver output. while a leaky or shorted unit 

(CONCLUDED ON PAGE 45) 
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FM ADVANCES ON AAL FRONTS 

Set Manufacturers Swing to A -FM Models as FM Broadcasting Spreads 

and Summer Static Accelerates Public Demand 

BY M. B. SLEEPER 

WI'T'H the rapid action characteristic of the 
radio business, public demand for sets 

N\ hall provide FM tuning in addition to AM 
broadcast and short -wave reception is putting 
the mark of obsolescence on straight AM 
models. The month of June, ushering in sum- 
mer static. has proved to be the turning point 
of the shift which is ending the era of AM sets 
as definitely and suddenly as. a few years 
back, all -wave receivers pushed one -hand sets 
into the discard. 

Stand -Outs Give in * The last argument of the 
st uni -outs, that there are many sections where 
there is no F\I broadcasting. has now fallen. 
Even in those areas. people who are ready to 
buy new sets nnn% nn:unt FM tuning because 
they are confident that they will have the 
new programs before long, and undoubtedly 
they will. 

At the time when all -wave sets were brought 
out, there were even fewer places where short- 
wave stations c-nuld be heard. But that made 
no difference. I halers had to meet the demand 
for all -wave tuning or lose their customers to 
those who did. What the public wants, it gets - -if not at one place, then at another. This 
situation prevails again today, with regard to 
A -FM receivers. 

Even the argument advanced by the stand - 
patters that there won't he any more FM sta- 
tions because manufacturers of transmitting 
equipment are tied up with Government orders 
does not carry conviction any more. Listeners 
know t hat if there is any delay, it will he only 
temporary, and that there will be plenty of 
F \I stations on the air long before good sets 
bought now will he obsolete. 

FM Springs Surprises * In times past, when tech- 
nical improvements have been introduced. the 
first demand has appeared in the cities, trick- 
ling off into the rural districts. This time, the 
reverse is true, and for a very good reason: 

AM stations, located principally in the popu- 
lation centers, give limited primary service 
beyond the metropolitan audiences. Rural lis- 
teners have had to snake the best of what they 
could hear through heavy background noise. 
natural static, noise from leaky power lines, 
and squeals from inter -station interference. 
Furthermore. daytime fading of AM signals 
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practically restricted the use of radio sets to 
evening hours. 

FA1 has changed the rural picture entirely, 
delivering clear, clean signals with as much 
power during daylight hours as after dark! 
The resulting sales have surprised the dis- 
tributors and delighted the dealers. To quote 
two examples from many at hand: A dealer in 
Waterville, \laine, has sold forty high- priced 
A -F \I sets in t months where probably not 
one .\ \I receiver of the same price has been 
sold in the last two years. One jobber's sales- 
man has opened fifty -three accounts on A -F141 
sets in less than eight weeks among dealers 
who had long ago quit trying to sell models 
above ßp`1.4.95, 

Furthermore, the expensive models with 3- 
gang tuning condensers are out- selling the 
lower -priced 2 -gang types. 'That is because 
tuned HF amplification is absolutely necessary 
to give sufficient sensit icit y under unfavorable 
conditions. and to provide adequate limiter 
action to overcome stat 

At the same time, a t remcndoms market is 
developing in the cities for A -F111 sets. In 
Iktroit, for example, where dealers had 
stocked up in anticipation of \ \'43l)'s debut. 
every A -FM receiver and FM tuner was 
cleaned out in less than a week after the station 
went on the air. 

Now, we have just been informed that at a 
dealer showing held recently in Pittsburgh, the 
local distributor hooked orders for his entire 
quota of A -F11 sets, even though FM broad- 
casting has not yet started in that area. 

First A -FM Showings *'[he first new A -F \l lines 
to he shm\ii in .tune were those of "trnmberg- 

'arlson and l'hilco. In every city where these 
I. were displayed to the dealers, orders for 

\ I' \l models far exceeded those on straight 
A \I sets. In some cases, the ratio was eight 
to 1011% 

Red Herring * Stories have been going around 
that radio set production will be cad so greatly 
because of National Defense contracts that 
manufacturers will abandon plans to produce 
A -FM receivers. Perhaps those who are over- 
stocked with straight AM models wish that 
might be the case, but it isn't. 

It is the production of cheap AM sets that is 
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PAUL DE MARS TELLS STROMBERG DEALERS OF SERVICE PROVIDED BY W43B AND W3y13, AnD PROVES 
HIS STATEMENTS BY DEMONSTRATION OF FM RECEPTION 

being abandoned, for the reason that a $14.93 
set takes about as much priority material as a 
$193 A -FNI console. Since there is no logical 
reason for asking the public. all of a sudden. 
to buy expensive AN1 sets when they have been 
told for the last few years that the cheap ones 
afford all the improvements, the advent of 
FM I. a life -saver to manufacturers and dealers 
alike. 

'l'hat is not because the FM end of a receiver 
is expensive. It is because the manufacturers 
have seen fit to sell the public the fallacy that 
the performance of cheap ANI sets represented 
the best that radio engineering skill could pro - 
vide. And that is completely false, as every 
engineer and dealer and serviceman knows. 
Sensitive. selective tuning circuits and high 
quality amplifiers and speakers al\\ays were 
and still are expensive. whether for AM or FM 
reception. 

Chickens Come Home to Roost * The cluck radios 
hatched la In million in recent years are 
coining back to confuse their manufacturers in 
the form of the OPM's low rating of radio sets 
on the priority scale. Checking the production 
,of radio sets, the ()PM finds that so many sets 
have been sold already that there should be 
plenty in American homes to assure adequate 
dissemination of emergency warnings and in- 
structions. 

What the figures slid not disclose to the 
OPM is the fact that most of them are $9.95 to 
$14.95 junk that is hardly good for more than 
a year's use, and that servicemen do not want 
to repair them when they break down because 

the owners tvon't pay enough to make such 
work profitable. 

Now that manufacturers are being forced to 
discontinue these types, so that their prede- 
cessors cannot be replaced, unless materials for 
radio sets are given a better rating very soon, 
before next winter there will not be enough 
radio receivers in operating condition to pro- 
vide complete national coverage by radio 
broadcasting. 

During the coining season. dollar volume 
will probably increase somewhat over last 
year, because manufacturers have already 
planned to shift their production to the higher - 
bracket A -FNI models, but the numerical pro - 
duction will unquestionably drop far below 
last year'. figure. 

Low- Priced A -FM Sets * So complete will be the 
swing to A-FM I the end of the summer, as 
a result of listeners' experience with FM's 
elimination of static interference, that some 
manufacturers are preparing to offer A -FM set s 

priced under $30. While these models all not 
give the tone quality which distinguishes FM 
from AN1 on original studio programs not car- 
ried by wires, and on the new high fidelity 
recordings. they will bring in FM programs, 
and will provide some degree of static reduc- 
tion if operated in the immediate vicinity of 
the transmitters. 

Dealers must be careful, however, that they 
do not sell such sets to people who will expect 
the impossible. In the public mind. FM means 
super -quality tone and static -free reception. 

(CONCLUDED ON PAGE 46) 
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"BASIC TRADE AREAS" are designated by 
the Commission, based upon station 
applications, trading area maps, and 
government data. The sum total of 
all basic trade areas is the total area- 
of the U.S. 

A "principal city" is designated 
for each basic trade area. It 
is usually the largest city or 
r"roup of cities in the area. 

Business districts 
with population / 
over 10,000 must 
have 1000pv /m --A, 

"LIMITED TRADE AREAS" are designated by 
the Commission. They are not necessarily 
adjoining, may include portions of other 
limited trade areas, and may extend into 
other basic trade areas. They always 
include one "city ". 

I 

I 

Class 3.223 (b) \ 
stations will be licensed \052b 

to render "good service" \cvj 
to the "principal city" 
and tc, have a service to 

"conform generally" with 

the basic trade area. 

Stations will be "temporarily" 
allowed reduced coverage upon 
proper showing. Frequencies 

44.5 thru 48.7 mc. - 

Class ,5.223 (a) H.F. 

stations will be 

licensed to render 
"good service" to the 

"city" and to have a 

service area to "con- 
form generally" with 
the limited trade area. 

Frequencies: 
Cities over 25,000 

pop., 44.5 thru 48.7 mc. 
Cities under 25,000 

\pop., 48.9 thru 49.9 mc. 
Stations serving a 

limited trade area of 
population over 25,000, 
located in or adjacent to 
a metropolitan district 
of population over 1,000,000 
may be licensed for the 
additional frequencies 49.1, 
49.5, and 49.9 mc. 

Stations located 
min the same city 

must provide sub- 

stantially the 
same coverage. 

,t If` / 
%µ/ "Rural Area" includes all land outside 

incorporated cities of population more 
than 2500, when the density of popula- 
tion is less than 150 per square mile.' 

\ I 

Class 3.223 (d) stations 
of unlimited power will be 
licensed to serve areas 
having substantially dif- 
ferent social, cultural, 
or economic characteristics 
from those outlined for 
3.223 (a), (b), and (c) 

stations, where a need 
(which the latter cannot 
supply) is shown to exist 
for the establishment of 
the new service area. Fre- 
quencies: 43.1 thru 44.3 mc. \ Boa, 

00. 

fJI 

Incorporated cities of population be- 
tween 2500 and 5000, not having an 
H.F. station may be considered rural 
area. I 

CITY "F" 

PRINCIPAL CITY "e" 

\ 

Class 3.223 (c) stations will be 
licensed to serve "primarily rural" 1 

area, not less than 15,000 square 
miles, particularly that part of a 
basic trade area which cannot be 
covered by a station in the principal I 

city of that area. 
Its coverage may include one or 

more principal cities, provided the I 

service to rural areas is not thereby 
impaired. 

\ ALLOCATION CHART 
Showing the principal features 

of rules: 3.222 a,b,c 
3.223 a,b,c,d 
3.225 b 
3.226 a,b,c,d 
3.227 a 

of the "Rules Governing H.F. 
Broadcasting Stations" of 
the F.C.C. 

it must extend to two or more 
basic trade areas, may not "con- 
form generally" with one, and may 
not merely extend beyond one. 

Frequencies: 43.1 thru 44.3 mc. 

I 
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1941 FM ENGINEERING CONSIDERATIONS PAGE 11 

purchased prefabricated for a given frequency, 
with complete assurance that full efficiency 
and matching will be provided when any 
70 -ohm co -axial transmission line is used 
between the transmitter and antenna. 'l'liere 
are no adjustments to make in the field, and 
the transmitter can be made to work into 70 
ohms resistance. It is virtually impossible to 
produce standing waves on the line as a result 
of variation of antenna impedance. Such an 
antenna is very light in weight, and therefore 
especially suited for installation at the top of 
an existing broadcast transmitter tower. 

POWER IN 

KILOWATTS 

FIG. 5. SIMPLE QUARTER -WAVE 
STAR ANTENNA COMBINES A VER- 
TICAL HALF -DIPOLE AND 4 -ROD 
GROUND PLANE. THIS TYPE IS 
SUITABLE AT FAIRLY HIGH ELEVA- 
TION FOR A RELATIVELY LIMITED 
SERVICE AREA. IT CAN HANDLE AN 

OUTPUT OF 250 W. TO 3 KW 

Of perhaps greater interest to designers of 
I' I stations is the multiple layer turnstile 
antenna. Fig. 6. developed by I)r. G. H. Brown 
of the RCA Manufacturing Company. This 
type can be obtained front several suppliers. 
This antenna, like its little brother previously 
described, is entirely prefabricated for a given 
frequency. No adjustments are required in the 
field other than connecting the co -axial line 
between the bottom of the turnstile tower and 
the transmitter output. It is designed to have 
a sufficiently broad impedance to minimize 
phase distortion and amplitude modulation 

Antenna 
for 10e; 

Line Loss 
Nominal Trans. 
I sat ion 

.190 

2111 

.250 
Hill 

.3(32 

.401) 
1.0 
Hill 

1 . 

1.37 
3.0 

Town 

1.5 

165 
3 0 
Hill 

2.64 
3.0 

Town 

.8 

3.08 
3.() 
Hill 

5.4 

5.94 
10.0 
Town 

10.0 

1 1 0 
10.0 

Town 

CAPITAL 

INVESTMENT 
ran- uiil1, r $ 4500 $ 9,'200 $1t,300 512,300 512,300 $12,300 $21,750 :feel ,750 

I.an,I. Building 5,11(1(1 3,110( 11 7,111)11 11 7,0011 () 0 
Antenna 3,501) 4,511(1 5,50(1 75 -4,5011 90 2()0 130 
Installation 1,6011 2,011 3,0011 3,000 3,111111 3,1100 5,11110 5,11(10 

Miscellaneous 1,300 1,600 2,300 2,300 2,300 2,300 3,600 3,600 

'()TALS 817,91111 $22,5(I() x23,11111 524.(375 $22, 11111 $.21,690 5:30,5311 $30.500 

YEARLY OPERATING 

COST 

Salaries $12,000 $12,000 $13,000 $13,000 $11,000 $14,000 $17,000 $21,006 
Power 300 370 801) 1,11(11) I,31)1) 1,600 :3,21)11 4,1)011 

Tubes 13(1 459 1,11)0 1.1131) 1,1(113 1,11113 3,8011 3,800 
Miscellaneous 300 480 8(8) 800 800 80(1 1,:31111 1,:3110 

Depreciation t 2,0011 2,75( 3,550 2,4811 3,3513 2,6313 4,41111 4,4110 

TOTALS $1.4.750 $16,020 $19,x50 818,380 $20,750 $20,150 $29,900 $35,700 

1 Depreciation, straight line at 20', per year of initial cost of transmitter and antenna. 
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PAGE 28 FM ENGINEERING CONSIDERATIONS 

from the power- output stage of the transmit- 
ter. Incorporating a new completely- enclosed 
design for both the radiating elements and 
inter -layer co -axial feed Iines, this anaemia 
has virtually none of the drawbacks of an 
earlier model ilel in which the elements of succes- 
sive layers were fed by open wire lines whose 
impe)lance was affected by the pole and steps 
mounted thereon. Experience with the previous 
design lias led to this new and sit I st antially 
foolproof design. The radiators are approxi- 
mately !.f wavelength long. and are hollow to 
provide for the insertion of ('alrod heating 
units for localities where ice formation must be 
considered. The bays are separated by hill °, 
compared to the L711° spacing used by si Ute 
manufacturers. since the gain per nuit length 
of pole is identical in the two cases and the 
transmission -line configuration is consider 
ably simplified when 1800 spacing is used. 
The following table gives the field and power 
gains which are actually obtained in the field 
for tttrtistil with various numbers of bays: 
NUMBER OF 

BAYS 

4 

fi 
8 

10 

FIELD 
GAIN 

I 1L 

1 .64 
t2.04 
.1.:3ís 
1.13 

POWER 
GAIN 

69 
4. 

6.7 

For example. the use of a 13 -1tay turnstile 
permits the use of a :3 -kw. transmitter oper- 
ated at about L..Ì kw.. compared with the 
necessity of a I11 -kw. transmitter (und its 
attendant higher maintenance and operating 
costs) for use with a smaller antenna of unity 
field and power gain. Normally. the height tf 
such a turnstile is excessive for mounting atop 
existing broadcast transmitter towers. but 
there are several in.tauces where such towers 
have already been designed for the load. No 
guy wires are necessary to support the turn- 
stile itself. 

.tIthough there ducs not appear to be much 
choice between horizontal and vertical polari 
ratioti, most of the antennas currently niatnt- 
failured employ the former. 'l'ite turnstile 
antenna, of course. obtains its power gain by 
concentrating toward the horizon the portion 
of the radiated power which otherwise %ould 
he radiated at eery high and very low angles. 

The actual CO-axial radiating elements of a 
:3- to 51 -kw. 13 -buy turnstile antenna are 
approximately L ins. in diameter. The maxi- 
mum voltage introduced in any part of the 
system is about :0111 volts for 111 -kw. antenna 
input and 670 volts for .11I -kw. input. Insula- 
tion is ceramic and is designed with long leak- 
age paths on those portions exposed to the 
weather. Good pre- fabricated. high -gaie turn- 
stile antennas unquestionably are worth much 

JULY 

FIG. 6. THIS TYPE OF MULTIPLE -LAYER FM 
ANTENNA IS LOW IN COST, AND IS AVAILABLE 

FROM SEVERAL SUPPLIERS 

more than their cost in power sayings. and it 
seems likely that horizontally polarized dime- 
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tiuual and circular turnstile antennas will be 
employed by the majority of FDI stations. 

.\mother item of cost often overlooked in 
planning high-frequency stations is the loss of 
power in the transmission line. Fig. 7 shows 
an evaluation of this loss for several sizes of 
co -axial lines. worked out by Mr. R. I). Oun- 
ean..Ir.. of the R('.\ Manufacturing Company. 
'l'he size of line. Of course. depewls upon the 
power to be handled. but in many cases where 
long runs are absolutely necessary. it will 
unquestionably pay in power savings to em- 
ploy lines considerably over- sized. On the 
other hand. it is obviously always more eco- 
nomical. other things being equal. to locate 
the transmitter close to the antenna. Experi- 
ence with installations of various sizes and 
power ratings has indicated that a transmission 
line loss of the order of l(Ic) in power can he 
normally expected. 

Open -wire lines at ultra -high frequencies. 
operated well away from buildings. may have 
less loss than co -axial lines, but when brought 
near steel building columns or transmitter 
frames they are liable to have greater loss. 
More important. a co -axial line has no external 
field and is therefore electrically very much 
easier to handle at these frequencies. Its field 
cannot get into other equipment. and the 
presence of other equipment cannot affect 
antenna tuning. 

Experience has shown the following trans- 
mission line sizes to he adequate for trans- 
mitter power outputs: 

'25(1 w. or less 
.3 to 3 kw. 
.i to 10 kw. 

11 to .)(1 kw. 

ill ohms 
70 ohms 
70 ohms 
7(1 ohms 

iu. 0.1). 
in. 0.1). 

1% ins. 0.1). 
3% ins. 0.1). 

RCA transmitters are designed for use with 
the above sized lines. The use of a push -pull 
line composed of the same size of single -line 
twits does not reduce the loss. 

EDITOR'S NOTE. -Part ?,rnrering details af/'Jltrans- 
mitting station milli ¡uncut, will appear in the :I agnst 

W71NY ISSUES PROGRAM BULLETINS 
Station \V î I N Y. FM affiliate of \\ OR. New 
York, is publishing a weekly program bulletin 
which can he obtained by those who ask to 
receive it. 

There still persists among many dealers in 
\V71NY's area the idea that the FM transmit- 
ter is putting out the saine programs as \\'OR. 
An examination of the FM bulletin, however. 
discloses the fact that. on some days. not a sin- 
gle \L'OR broadcast is used on the FM station. 

This fact should be emphasized by the radio 
dealers. both because 11.7 I NY is furnishing a 
separate type of entertainment that cannot he 
heard from AM sets, and because 71 is using 
programs planned part irularly to bring out the 
superior quality of F\1 reception. Requests for 
the weekly program bulletins should be ad- 
dressed to Station 1Y71NY, New York City. 
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NEW PILOT AFM FEATURES 

Circuit and Service Data on "Conqueror" Chassis 

BY EDWARD JAHNS 

RIMORS 
that National Defense require- 

ments would curtail seriously their produc- 
tion of A -FM receivers are entirely without 
foundation. for the fact is that the sharp in- 
crease in demand for sets capable of receiving 
FM programs is causing the Armstrong li- 
censees to put more pressure on A -FM 
development, and to advance production 
schedules. 

Production Plans Advanced * At Pilot Radio, for 
example, we have gone "all out" on a com- 
pletely new A -FM series. engineered to include 
new circuit developments and additional fea- 
tures which, under normal conditions, might 
not have been released for production until 
next year! 

This was clone to give listeners in FM broad- 
casting areas the full advantage, right now, of 
static -less summer reception from the new 
stations already on the air, and those which are 
in the final stages of completion. 

Improved Static Elimination * Experience with FM 
reception in various parts of the country, 
under a variety of conditions. confirmed the 
wisdom of using a stage of tuned RF amplifica- 

*Chief Engineer. Pilot Radio Corporation. Long Island 
City, N. Y. 

tion with a 3 -gang condenser in previous 
Pilot models. Not only sloes tuned RF amplifi- 
cation give greatly increased receiving range, 
but it gives an enormous increase in the effec- 
tiveness of static elimination by delivering a 
strong signal. even from weak stations, to the 
limiter. 

Pilot A -FM sets are manufactured tinder 
Armstrong license, and make full use of the 
Armstrong noise -eliminating circuits. Thus, 
unlike AM receivers, the FM circuits em- 
ployed give greater freedom front extraneous 
noises as well as tube noises as a result of 
increased setisit iyity. 

Two Tuned RF Stages * Now, in the Pilot Con- 
queror chassis. we have gone a step further in 
reducing noise and increasing sensitivity by 
using two stages of tuned RF amplification on 
FM, and one stage on AM. Consequently, ex- 
cellent performance can be obtained from 
simple antenna arrangements. However, it 
must be emphasized that, in general, the 
greatest efficiency front any radio receiver is 
provided by an outside antenna of correct 
design, properly installed. 

Cabinet Styles * The Conqueror chassis, with 
bass and tweeter speakers. is available in a 

'ME PILOT "CONQUEROR" CHASSIS IS AVAILABLE IN A WIDE RANGE OF CABINETS 
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variety of radio -phonograph cabinets. and with 
a single speaker, in a talle cabinet. In the 
latter form, it is suited tu a wide range of 
special -purpose applications. 

SPECIFICATIONS 
Voltage: 110 -I '23 volts. 50 -60 cycles 
Type of Circuit: Armstrong frequency modu- 

lation aucl superheterodyne 
Tuning range: 

Broadcast, 535 to 1,7d13 kc. 
Short -wave, 5.6 to 19.8 me.- 33.6 to 15.1 u. 
FM. 41.8 to 40.3 me. 

Types of 'Pubes: 
Two 13.1('7 FM 11F amplifiers 

13817 AM 11F amplifier 
6S:17 AM oscillator -converter 
68.17 FM converter 
615 FM oscillator 

Two 6.1('7 F \I -.1M IF amplifiers 
6;(,lí .1\1 detector. :1\Y' rectifiers, 

FM squelch control 
6116 F \I discriminator 
6116 FM tuning rectifier 
(stil 7 high -grain AF amplifier 
6.17 ('atlanh- loaded driver 

Two 61,13 ('lass .A11.2 power amplifiers 
3t' -4(: Rectifier 
131'5 Tuning Indicator 

I lilt llt: 45 watts maximum 
Inhrmmediatc Frequency: A \I. 455 ke. 

FM, 4.:3 n ». 

GENERAL INFORMATION 
Volume Control * From left to right, the first 
control tin the chassis is for the volume. This is 
provided with low -level bass and treble com- 
pensation. giving natural tone at h v volume. 

Tone Control * The tone -color control provides 
adjust a! I Icass and treble conpensatiun at 
higher ;II Ili() levels. The knob operates a 
pointer, indicating on the dial scale: 

Bass - high bass and lowered treble tone. 
Music - full bass and full treble tone. 
Voice - lowered bass and lowered treble 

tune. 
Treble - lowered bass and full treble tone. 

The amount of bass sod treble compcnsatiun 
increases as the volume is lowered. in order to 
retain the balance of tones generally lost at 
low volume. This is dune to compensate for 
the audio -discrimination effect of the average 
human ear, which varies with sound intensity 
and tune. This control should be used in cOn- 
¡madsun with: 

Harmonic Control and QAVC Switch * This control 
provides a very sharp cut -off of the higher 
audio frequencies. and operates in an inverse 
feed -hack circuit. Usually, it is desirable to 
keep this control at less than maximum setting 
when listening to recorded or live programs on 
AM and phonograph. so that unwanted hiss. 
particularly on phonograph record repruduc- 

POWER SUPPLY AND 45 -WATT AUDIO OUTPUT ARE CARRIED ON A SEPARATE CHASSIS 
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MANY IMPROVEMENTS AND REFINEMENTS ARE REPRESENTED IN THE CIRCUIT 

tui, can Ix. removed. On musical instru- 
ments received by FM, it will l e found that 
reducing the harmonics will tend to cause 
violins and saxophones to sound similar, since 
both instruments make the sanie fundamental 
tones. The repnxluction of the harmonics 
which distinguish these instruments can be 
regulated by this control. 

To cut out the QAVC on very weak FM 
signals, rotate this knob to the extreme left, 

until a click is heard. Then the signals must be 
tuned very accurately by ear, since the tuning 
beacon cannot function properly on extremely 
weak signals. Iu this position, the higher 
harmonics are automatically removed in order 
to reduce external noise introduced with ex- 
tremely low signals. The tuning buttons should 
not be set on stations which can be heard only 
with the QAVC cut out. Normally, stations 
worth hearing will operate the QAVC circuit. 
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OF THE PILOT "CONQUEROR" CHASSIS, FREQUENCY STABILITY HAS BEEN STRESSED 

Service Selector * This knob selects the service 
required. IL operates a pointer. indicating on 
the dial scale: 

Short -wave AM. 
Broadcast Ail front external antenna. 
Broadcast A M from built -in loop. 
FM (rm external antenna. 
Phonograph or television connection. 

In the phonograph models. the pick -up is con- 
nected in this last position. 

Tuning Control * All bands are tuned by this 
control. rTrhe top scale on the dial sinow,. above. 
the last two number of the nt frequency. 
These are the numbers used in the station calls, 
such as W71 NY. This station, for example. 
will be f 1 on 71 on the upper calibration, 
or at 47.1 on the lower calibration. 

Push Buttons * This set is provided with eight 
Ilu I I ul ln: which mechanically operate the 
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dual 3 -gang tuning condenser. These may he 
set on .DI and FJI stations in any combina- 
tion. 

To set up a button. pull off the bakelite cap 
and loosen the locking screw. Tune in the 
station with the tuning knob and push the flat 
piece Of the control all the way in. Then tighten 
the locking screw.A careful check with the 
tuning eye should immediately ascertain the 
exactness of the setting. An identifying stati%nt 
tab should then he inserted above the button. 
in the space provided. It is easy to set up the 
buttons On ANI or F .I in this manner, and 
extra care used in their setup will amply 
reward the listener. 

On very weak signals it may be necessary to 
retune the station very slightly with the tuning 
knob. It is recommended, however. that the 
left buttons be set on AM locals, and the right 
buttons be set on FM locals. 

Slight misadjustments due to continuous use 
will cause little effect on the tone as this 
FM -AM IF system is expressly designed for 
push -button use. 

Antenna * A good antenna system cannot be 
overemphasized and should the receiver be 
used in the locality of any vertically polarized 
FM transmitter, best reception from that sta- 
tion at a slight sacrifice of the reception of the 
usual horizontally polarized transmitters can 
be secured by tilting the dipole to about a 45° 

angle. The whole array should then he rotated 
for best average reception of all the local 
stations. 

Maximum pickup from a given transmitter 
is usually secured when the broadside of the 
dipole antenna faces the transmitter. 

The Pilot A -FM antenna No. 110 -7 is rec- 
ommended for use with this receiver. This 
antenna is shipped in kit form and consists of 
a dipole with supporting mast, shielded trans - 
mission line. and special couplers at both ends 
of the transmission line, which provide auto- 
matically for operation on either the FM or 
AM bands. Detailed instructions are furnished 
with the antennas. 

SERVICE NOTES 

This receiver is correctly aligned at the fac- 
tory and no further adjustments to either the 
trimmers or iron cores is recommended. 

The minimum requirements for accurate ad- 
justment of the trimmers are: 

1. 0 to 1 milliammeter, preferably with an 
extra 5- milliampere shunt resistor. 

4. Zero center, 0 to e00- microampere galva- 
nometer and two 100,000 -ohm resistors. 

3. Rectifier type output meter of approxi- 
mately O to volts R.M.S. 

4. 65 -ohm FM dummy antenna. 
400 -ohm short -wave dummy antenna. 

(CONTINUED ON PAGE 44) 
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A Statement by 

William J. Scripps, 

General Manager, 

Stations WWJ, W45D, 

Detroit, Michigan 

WHAT THE FM BROADCASTERS HAVE TO SAY: 

PA'T'IO\ W4.11) Ls the pioneer Frequency 
Modulation station Of Michigan. It is 

owned and operated by The Evening News 
Association. publisher of The Detroit News. At 
present. the broadcast hours are from noon 
until IO I'. NI. daily. 'l'hree kilowatts are being 
used pending completion of a 50- kilowatt 
amplifier which will permit use of full power 
as licensed by the Federal Communications 
Commission. 

In devising its program schedule. W431) 
has utilized the experience gained through 
four years of experimentation over \V8\\VJ. 
Serving as a laboratory for technicians as well 
as the program and production staffs, many 
ideas were tried on \V8\ 1V,1. largely in the 
field of remotes. 

Station \V451) plans extensive coverage of 
spot news events as highlights in a schedule 
which emphasizes music for all. Because of the 
surfeit of drama on AM stations. W451) en- 
deavors to supply music at all times. Although 
a heavy schedule of news is carried, the reports 
are condensed into five- minute periods. for the 
most part. The percentage of popular and 
semi -classic types of music is about equal. 

Typical of the kind of remotes in prospect is 
a stock market summary direct from the 
brokerage house of Merrill Lynch. E. A. Pierce 
and Cassatt. This report is read direct from 
the board each day at the market close. 

It is of interest to note that \V -E31) originates 
its own programs. and depends in no way on 

35 

its n,,,clate. \V\V,1, also owned by The Detroit 
. \'e,r... It has a complete staff of its own. and its 
facilities match those of the standard Imnad- 
cast stations. Its location on the 45th floor of 
the Penobscot Building is considered ideal from 
an engineering standpoint, as its antenna 
stands about 700 feet above street level. 

'l'he first commercials carried by the station 
are time signals sponsored by the Buloya 
Watch Company. the first advertiser on \V\VJ 
many years ago. A half -hour program from the 
new Saks Fifth Avenue Store in Detroit fea- 
tured a fashion show and interviews with the 
"I,ife with Father'' cast, with Dorothy Gish 
and Louis ('albern. 

John Hammond, formerly of the Hammond 
Organ CI mpany of Chicago, is the stuff musi- 
cian'. His programs o the Novachord have 
proved to he excellent broadcast material for 
demonstration of the quality made possible 
by Frequency Modulation. Hammond also 
gives piano and Hammond organ recitals. 

Cecil Chittenden, former newspaperwoman. 
arranges lectures and discussions with women's 
organizations, and the sales promotion staff 
works with the various men's service clubs as 
well as dealer organizations. 

\\'451) has a rate card prepared in conform- 
ity with others in the American Radio Net- 
work of which it is a member. Conditions 
stipulate highest program standards, and 
specify that the advertiser must utilize the full 
capacity of the FM system of broadcasting. 
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MEASUREMENT Of H.F. IMPEDANCES 

How G. Re Twin -T Circuit Is Used for Measurements at High Frequencies 

BY C. E. WORTHEN 

EDITOR'S NOTE: The ,first part of Mr. 11'orthen's 
article on the measurement of impedances at high 
frequencies appeared in the June issue of FM 

II. \ \GE the auxiliary series condenser un- 
til a capacitance value is found that will 

give settings for the final balance sufficiently 
different from those for the initial balance to 
insure adequate precision. Be particularly sure 
to obtain a substantial change in the conduct- 
ance setting. 

The optimum value for the auxiliary series 
capacitance having been determined, the 
measurement procedure is as follows: 

First, connect one side of the auxiliary series 
condenser to the ungrounded UNKNOWN termi- 
nal of the Twin -T and, with the other side of 
the series condenser disconnected, establish an 
initial balance as outlined in paragraph 4.6. 
The series condenser should be physically as 
small as possible and should be supported by 
its own ungrounded lead in a position as nearly 
the same as that which it will take when con- 
nected to the unknown impedance." 

Next connect the free lead of the condenser 
to the grounded UNKNOWN terminal and re- 
balance with the susceptance and conductance 
condensers. From the measured admittance, 
Y' = G' + iii', the impedance, Z' = R' 11', 
can be determined exactly by equations (4) 
and (3). In most cases, however, it will be 

*Engineer, General Radio Company, Cambridge, Vase. 
t, Small fixed mica Condensers. such as t he ('ornell- 

Dubilier Type S -W, are excellent for this service. See para- 
graph 3.12 for a more extensive discussion of t he precautions 
to be observed. 

found that the conductance component is 
negligible or, in any event, so small that the 
following simple approximate equations can be 
used: 

B' 
The position of the auxiliary series condenser 
should be changed as little as possible when 
this connection is made, preferably only the 
free lead being bent so as to make contact with 
the grounded t'NKNolt x terminal. 

Finally, disconnect the free lead of the 
auxiliary condenser from the grounded UN- 
KNOWN terminal, and connect it to the un- 
grounded terminal of the unknown impedance. 
Rebalance with the susceptance and conduct- 
ance condensers. From the measured admit- 
tance, Y" = G" jR ", of the combination 
the impedance. Z" = R" + jY ", can be de- 
termined from equations (4) and (3): 

G" 
(( ; ")s B ")u -R 
(G")2 + (ß ")2 

The unknown impedance, Z, = R, + ji,, is 
equal to the difference between these two 
impedances. 

(9) 

(10) 

(3) 

Rr=R"-R' 
X, = i" - a' 

(11) 
(1e) 

The ground terminal of the unknown imped- 
ance can be left connected to the grounded 

IJJ.,!11 
VIEW OF THE SUSCEPTANCE CON- 
DENSER Co. BRASS DISCS AT EITHER 
END OF ROTOR. AND HEAVY WIPING 
CONTACTS OF LOW INDUCTANCE 
GROUND ROTOR TO THE FRAME. 
SCALE CAN BE SEEN THROUGH 
OPENING IN THE FRONT PANEL. 
CONDENSER IS UPSIDE DOWN IN 

THIS ILLUSTRATION 
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UNKNOWN terminal at all times for this meas- 
urement.. 

It is often found that the unknown react- 
ance, X is quite small compared with the 
reactance, X', of the auxiliary series condenser 
and that the arithmetic tim.ti in its evaluation 
therefore involves taking the difference be- 
tween two large numbers. To avoid, as much 
as possible, inaccuracy in slide -rule computa- 
tions it is therefore helpful to express the un- 
known reactance, X , in terms of the differ- 
ence between the two measured parallel ca- 
pacitances, Cr" and Cr', which can be read 
from the precision condenser scale,'' 

B" - B' ((r" Z 

1 B" + \ %3" 

/1' 
1 + 

Cr" - Cr' ( G" 
CY ' + \ wer" 

mCr, G" 1 + wer" f 

(13) 

(13a) 

G" 
The dissipation factor, D" = of the series 

combination is usually small and its square can 
he neglected in comparison with unity. For 
most conditions, therefore, equation (1Sa) can 
he used in the simpler, approximate form: 

1 Cr" r - Cr' (G" 1 =1 
(13b) 

wCr' L Cr" + wCr "J 

Since this equation involves directly the 
small difference in final capacitance settings 
the accuracy of the result is of the same order 
as that of setting and reading capacitance 
difference. 

If the same initial setting is used for hot h measurements, 
= ('Bi', t hen ('P - ('I' = (('at' - CB,') - (CB i - ('Bi) 

= ('B; - ('Bä 

THREE CONDENSERS ASSEMBLED 
TOGETHER ARE. FROM TOP TO BOT- 
TOM, C C , AND C RESPECTIVELY. 
THESE WILL BE FOUND IN THE WIR- 
ING DIAGRAM, FIG. 3. THEY ARE 
MOUNTED ADJACENT TO THE SUS - 

CEPTANCE CONDENSER 

When the unknown reactance, .l" is small 
compared with the reactance. X', of the series 
auxiliary condenser it is also possible to sim- 
plify, to some extent, the determination of the 
unknown resistance, R,. Since .1' and X" are 
then not greatly different. loss in the auxiliary 
condenser contributes practically the saule 
conductance component. InttIi in the measure- 
ment of the condenser alone and in the meas- 
urement of the series combination. It is there- 
fore generally safe to neglect the condenser loss 
and to make the conductance balance, when 
measuring the condenser alone, with the 
EXACT INITIAL I3ALANcE conductance control, 
leaving the CONDUCTANCE dial set at zero. The 
conductance balance for the series combination 
is then made with the same setting of the 
INITIAL BALANCE conductance controls, so 
that, to a first approximation, the loss in the 
series condenser is allowed for in the measure- 
ment process. The unknown impedance then 
becomes: 

/i, _ /;" - 
(G")2 + /(wCp ")2 

(4) 

I rep" Cr' ¡ (:" l' (13b) 
wee L Cr + \ wCr" / 

4.73 ILLUSTRATIVE EXAMPLES. As a guile 
to the practical application of the material of 
paragraphs 4.71 and 4.73, three illustrative 
examples follow. 
(a) Measurement of a 5(X) -µµf Condenser at 

111 Me. 
Set the 4- position conductance range switch 

at 10 mc. and the coil switch on the 10.0 - 
40.0 mc. range. Set the susceptance condenser 
dial at some high value, say CB, = 1000.0 µµf, 
and the conductance dial at zero. Adjust to an 
initial balance as described in paragraph 4.6. 
(From Fig. .5 the Aux. TUNING CAP will be 
about 1100 µµf,) 

Connect the condenser to be measured 
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across the UNKNOWN terminals and, with the 
susceptance and conductance condensers, ad- 
just to a final balance. Let: Then: 

CB, = 444.4 µµf 
G2 = 80 µmho 

= 1000.0 - 444.4 = 557.6 µµf 

G, = G2 = 80 µmho (See par. 4.71). 

D, 80 X 10 -6 - 0.0043 = 0.43% 
4w X 10 X 106 X 557.6 X 10 -12 

(b) Measurement of 1 µh Coil at 25 Me. 
Set the 4- position conductance range switch 

at 30 mc. and the coil switch on the .20.0 - 
45.0 Inc. range. Set the susceptance condenser 
dial at some low value, say CB, = 100.0 µµf, 
and the conductance dial at zero. Adjust to an 
initial balance as described in paragraph .2.6. 
[From Fig. 5, the Aux. TUNING CAI' will be 

(5b) 

(8) 

about 700 µµf. It will, however, appear less 
because of lead inductance (see Footnote 9, 
par. e.6).] 

Connect the coil to be measured across the 
UNKNOWN terminals and adjust to a final 
balance as before. Let : 

CB, = 139.8 µµf 
(:2 = 90 µmho (Dial reading) 

Then: 
If, = .2a X .25 X 106 (100.0 - 139.8) X 10 -I2 X 106 = - 6450 µnnho 

G, = 90 X 11 
s 

= 64.5 µmho (see par. 4.71) 

106 =- = 1.04 Lr 
6450)X111 -6 

µl1 

6e50 
100 

64.5 

(e) Measurement of Matched 72 -ohm Coaxial 
Transmission Line at 830 Ise. 

Set the 4- position conductance range switch 
at 1 mc. and the coil switch on the 640 -850 kc. 
range. Set the susceptance condenser dial at 
some value near mid -scale and the conductance 
dial at zero. Adjust to an initial balance as 
described in par. '2.6. From Fig. 5, the Aux. 
TUNING CAP will be set at zero. 

Following the procedure outlined in para- 
graph 4.74, find the largest convenient value 
of the auxiliary series condenser that will give 
a conductance balance on scale. Suppose it is 
150 µµf, nominal value. 

Measure the capacitance of the auxiliary 
condenser and balance with the conductance 
condenser set to zero with the auxiliary con- 
denser across the UNKNOWN terminals. Discon- 

nect the lead of the auxiliary condenser from 
the grounded l'NKNOwN terminal, connect to 
the ungrounded terminal of the unknown im- 
pedance and rebalance. Let : 

CB; = 500.0 µµf 

CB= = 354.5 µµf 

(.; = 0 µmho (Set with EXACT INITIAL BAL- 
ANCE conductance control) 

CR ' = 500.0 µµf 

CB'2' = 353.6 µµf 

(:,' = 60.8 µmhos (Dial reading) 

= 60.8 X (0.83)2 = 41.9 µnnho 

Then: 
C. = 500.0 - 35.2.5 = 147.5 µµf 

G" = (i= = 41.9 µlllho 

C = 500.0 - 353.6 = 146.4 µµf 

B" =.2a X 830 X 102 X 146.4 X 1012 X 106 = 764 minim 

41.9 X 10-6 
I;` (41.92 + 7642) X 111-12 - 71.69 

1012 r 146.4 - 147.5 (41.9)1 
4rX830X102X 147.5L 146.4 + 764J 

= -69 (Capacitive) 
Z,=71.6-j(i 

(See par. 4.71) 

(Q) 

(13b) 

r t 
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.74 BALANCED LINES AND ANTENNAS. The 
measurement of three -terminal devices, such 
as balanced lines and antennas, can he made 
with the Twin -T, although the computations 
involved are quite laborious. 

The method depends upon the analysis of 
the unknown impedance in terms of the equiv- 
alent circuit. of Fig. 6 and requires three 
separate measurements, as follows: 

(1) Short- circuit impedance Z, by ground- 
ing line A at point of measurement, and meas- 
nre impedance, Z', from line B to ground. 

Z' Z,Z:, 
(14) 

Z, r Za 

() Short- circuit impedance Z2 by connect- 
ing line :1 to line I? at point of measurement. 
and measure impedance, Z ", from the junction 
to ground. 

PAGE 39 

BACK OF PANEL VIEW OF EXPERIMENTAL 
MODEL OF THE TWIN -T MEASURING CIRCUIT 

Z" = !'Z' (15) balance, Z, = Z:,. Z' = Z" 
Z, + Z, 

Z, = Z3 = (17a) 
(3) Short -circuit impedance. Z3, by ground- 

ing line I? at point of measurement, and cocas- Z2 = = - 1 (18a) 
ure impedance, Z "', from line .1 to ground. - a" 

ZI/I 4Z2 
(16) 16 

) Z,+ Z2 When t he balanced line is fed from a bal- 
Combining equations (14), (15) and (16) gives: 

tZ'Z Z ' 
4 

17 Z'? -Z "Z "' + Z "'Z' 1 1 1 

(17) 

- Z; + Z" + Z,,; 

4Z'Z "Z "' i Z2 = T'7" Z "Z" -Z "'Z' 1 1 1 
(18) 

Z, _ - Z'Z" Z "Z Z Z' - 
1 1 1 

(19) 

7; +Z " -e' 
This method gives each component of im- arced source, the effective input impedance is 

pedance, detecting any unbalance. At perfect given by 

FIG. 6. EQUIVALENT CIRCUIT REFERRED TO 
IN SECTION 2.74 ON BALANCED LINES AND 

ANTENNAS 
AH - 

e/Z2 
= 

4Z'Z" `2 
IZ, + L2 4Z" - Z' ( ) 

= 

Z:,R is the input impedance seen from the 
source. It should be measured once with the 
far end of the line open and once with it closed 
if it is desired to compute the characteristic 
impedance and propagation constant by the 
usual method. No grounds should be made to 
the line at any point other than the input when 
,caking measurements. 

'l'he component impedances involved must 
usually be measured by the method described 
in paragraph '2.7i. In equations (17) to NO) 
they must, of course, be written in their com- 
plex forms. 
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RANGE SWITCH, USED TO CHANGE THE SCALE 
OF THE CONDUCTANCE CONDENSER 

3.0 CORRECTIONS 
3.1 Lead Corrections * In common with other 
types of impedance- measuring equipment, the 
'l'win -T can only measure impedance at its own 
terminals. The residual impedances of the 
leads used to connect the unknown impedance 
to these terminals, however, often causes this 
impedance to differ from the impedance ap- 
pearing at the terminals of the device under 
test. Under some circumstances the difference 
can be ignored and the measured impedance 
taken as the impedance of the device under 
test, including the leads. In most cases, how- 
ever, the device will not be used with the same 
leads used to connect it to the measuring in- 
strument and it is necessary to compensate for 
the effect of these leads to obtain the desired 
impedance. An exact correction for the effect 
of the leads requires analysis as a transmission 
line and is laborious and cumbersome. For 
specific measurements, however, approximate 
corrections will yield satisfactory accuracy. 

3.11 CORRECTIONS FOR ADMITTANCE MEAS- 
I IuF\iE \\!THIN DIRECT- READING RANGES 
OF' 7'\\ IN -'I'. When the Twin -T is used to meas- 
ure admittances within its direct -reading range 
the unknown impedance is so high that for 
relatively short leads the voltage drop along 
the leads is small compared with the voltage 
drop across the unknown impedance. The 
effective capacitance between the leads is con - 
sequently not materially changed when the 
unknown impedance is connected and discon- 
nected. If the initial balance is established with 
the leads to the unknown in place, but discon- 
nected at the far end, the lead capacitance 
therefore cancels out in the measurement and 
the only correction that need be made is for 
the inductive reactance. 

The "shortness" of the leads is expressed 
by the ratio of their inductive reactance to the 
unknown impedance. A value of 2O% for this 
ratio may well be taken as an upper limit. If, 

H.F. IMPEDANCES JULY 

for instance, two parallel No. 18 B & S gauge 
wires, spaced %" apart on centers, are used as 
leads, the inductance of the two wires will be 
about 0.037 µh inch and the corresponding 
inductive reactance at 30 ntc. will be about 

inch. When measuring. say, a 30012 im- 
pedance at this frequency. then, the leads used 
to connect to the unknown impedance should 
cad) be less than 9" long. 

The most straightforward method of cor- 
recting for the lead inductance is to convert the 
pleasured parallel admittance to the corre- 
,punding series impedance and to subtract di- 
rectly from the measured reactance the in- 
ductive reactance of the leads. 

The lead inductance can he determined by 
measuring a small fixed condenser, first at the 
l'xl:\ u\cN terminals of the Twin -T and then 
at the end of the leads. The first measured 
capacitance, C', with the condenser at the 
UNKNOWN terminals is equal to the effective 
parallel capacitance of the condenser; the 
second measured capacitance, C ", with the 
condenser at the end of the leads is equal to 

C' 
1 -m =(SL)C', 

where (SL) is the lead induct- 

ance. From these two measurements 

aL - = 
C'C,C,C' 

(31) 

As the capacitance of the fixed condenser is 
increased the difference between C' and C" be- 
comes greater and the precision of measure- 
ment of bL increases. 

3.1e CORRECTIONS FOR ADMITTANCE MEAS- 
UREMENTS OUTSIDE DIRECT- READING RANGE 
OF TwIN -T. The analysis presented in para- 
graph 3.11 applies directly, in the series - 
condenser method described in paragraph 
2.74, to the lead from the ungrounded UN- 
KNOWN terminal to the auxiliary series con- 
denser, provided this lead is not made so long 
that there is an appreciable voltage drop along 
its length. 'l'he capacitance of this lead to 
ground is therefore automatically accounted 
for when the initial balance is made with it 
connected, but with the far end of the series 
condenser disconnected, as described in para- 

FIG. 7. CONNECTIONS REFERRED TO IN SEC- 
TION 3.12 ABOVE 
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Ask Yourself WHY! 
Within the past five years Eimac Tubes have 
moved into first place. Today they are in the 
sockets of some of the most important radio 
transmitters in the world. What is the reason 
behind this? Perhaps it is because of the ex- 
traordinary economies they bring about in 
day -in and day -out operation. Perhaps it is 

their unusual performance capabilities, their 
stamina and great dependability ... or per- 
haps it is because Eimac tubes never fail pre- 
maturely because of gas released internally 
(they're guaranteed against such failures, the 
only tube on the market that carries such a 
guarantee). Chances are though, you'll find 
it is not any one but all these points com- 
bined that has won this recognition ... any- 
way you find it, the fact remains that .. , 

le the Field of Electronics. the or eru helmirrg trend is to 

EitelMcCullough,Inc. San Bruno, California 

You'd better investigate noua See the nearest represent- 
ative or write direct to the factory 

California, Nevaca 
HERB BICKER, 1533 W.0 
104th St., Los Angeles. Cal. 

N. Y., N..., Penn. Mc., Dal., 
Dist. o1 Col., Maine, N. H. 

R. I., Cor9r., Mas. 
ADOLPH SCHWF.RTZ, 
14726 Elm Ave., FLashing, 

rr 

EIMAC REPRESENTATIVES 

Wash., Cr.., Idaho, Mont. 
GENERAL SALES CO., 
Verner O. :ensen, 2605 -07 
Second Ave.. Seattle, Wash. 

Colo., Wyo , New Mexico, 
Ariroia, Utah 

BICHA; HYDE, 42',t 
O r" Ep .. Colo. 

Chicago, Illinois, Wisconsin 
G. G. RYAN, 549 W. 
Washington Blvd.., Chicago, 
111. 

N. Caro., S. Caro., Georgia, 
Tenn., Flor., Ala., Miss. 

JAME MILLAR, 316 Nint 

Taxas, La., Okla., Ark. 
J. EARL SMITH, 2821 Liv- 
Oak St., Dallas, Texas. 

Ohio, Mich., Ky., Ind., Minn_ 
Mo., Kan., Nb., Iowa 

EEL SALES ENGINE R 

NG CO.,I E. R. Peel 
r St. 
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graph 4.7t?. The effect of the lead inductance 
can also be eliminated, in this method, by con- 
necting the auxiliary condenser at the far end 
of the lead, where it can be connected to the 
ungrounded terminal of the device under test 
with a lead of negligible length. The far end of 
the condenseF slïhutd then-1ïe connected to the 
ground terminal of the device under test, see 
Fig. 7. rather than to the grounded UNKNOWN 
terminal in the Twin-T when its reactance. 
X', is measured. This measured reactance then 
includes the lead reactance and, since the 
sane lead length is used in the measurement 
of the series combination. the load reactance 
cancels out. If the auxiliary series condenser is 
connected at the Twin-1' end of the lead it will 
generally he found necessary to correct for the 
lead capacitance. even if the C' measurement is 
made by connecting the far end of the lead 
to the ground terminal of the device under test. 

'l'here is one other source of error. however, 
that should be carefully ttatehed, when using 
the series -condenser method. Any condenser. 
when used in a series connection, will have. in 
addition to the direct capacitance between its 
terminals, capacitance from each terminal to 
ground. Capacitance to ground from the 
condenser terminal connected to the Twin -T 
will cause no error since it is always across the 
UNKNOWN terminals. Capacitance to ground 
from the other terminal. however, will cause 
the measured value of ('' to differ from the di- 
rect capacitance between the terminals since 
this capacitance to ground is effectively across 
the I. \KNOWN terminals for the initial balance 
but is shorted out When the condenser is con- 
nected across the UNKNOWN terminals. While 
the capacitance to gnnnld is ordinarily very 
small, it is often necessary to i se small series 
capacitances (as low as 20 311 caaf) and it is not 
difficult to produce appreciable errors. It is 
strongly recommended. therefore, that the se- 
ries condenser used he of as small dimensions 
as possible. . As a further safeguard it is sug- 
gested that the body of the condenser be 
wrapped with copper foil. connected to the lead 
to the Twin -1'. so that the ground capacitance 
is all thrown over to that side of the condenser. 
see Fig. 8. where it can cause no error. 

FIG. 8. METHOD OF SHIELDING CONDENSER TO 
REDUCE ERROR 

3.2 Corrections for Residual Parameters * The upper - 
frequency limit of accurate operation of radio - 
frequency impedance- measuring equipment is 
nearly always determined by residual para- 
meters. in the wiring and in the impedance ele- 
ments. that are not accounted for in the ordi- 
nary theory of operation. While these have 
been made extremely small in the Twin-T, they 
are still large enough to affect performance at 
the highest frequencies and to set the maximum 
usable frequency in the neighborhood of 30 mc. 

By careful balancing of impedance levels and 
attention to mechanical arrangement. the 
effects of all the residual parameters except 
those occurring in the susceptance condenser, 
('a, have been made negligible. The residual 
parameters in this condenser, for which correc- 
tions may be necessary, are: 

(1) Inductance, L'. between the condenser 
and the ungrounded UNKNOWN terminal. 

(2) Inductance. L ", between t he condenser 
and the point in the Twin-'l' circuit to which 
it connects. 

(3) Inductance. I. , in the metal structure 
of the condenser itself. 

(4) Resistance, R .., in the metal structure of 
t he condenser. 

Fig. 9 is an equivalent circuit showing the 
residual parameters listed and their relative 
locations. 'l'luy are all essentially constant, 
independent of the setting of the susceptance 
condenser. and have the following values at a 
frequency of 30 Inc: 

L' = 6.8X111 -"h 
L" = 3.15 X 10-" h 

L = 6.1 X 10 -" h 

R,. = 0.026 st 

l'he iuduc'tauces are independent of frequency. 
The res''tancc varies directly as the square 
root of the frequency. 

3. @I ('nnREC'TION FOR L'. The inductance, 
L'. is directly in series wit ta the unknown admit- 
tance. To correct for its effect it is therefore 
only necessary to subtract its inductive re- 
actance from the measured reactance as de- 
scribed in paragraph 3.11 for lead reactance. 
When lead corrections are necessary. it cana lie 
taken into account as part of the lead correc- 
tion by increasing the treasured lead induct- 
ance by 0.8 X 10-" !t. When measuring low 
impedances by the series- condenser method its 
effect is eliminated, along with that of the lead 
inductance. by following the procedureoutlined 
in paragraph 3.1'2. 

3.22 ('OHFIEe'TIOX FOR L ". The inductance, 
L ". has no appreciable effect upon the sus- 
ceptance balance but causes the apparent. con- 
ductance. measured by the conductance dial, to 
differ from the true value. To a first approxi- 
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4 

FREQUENCY MODULA TION 
GOVERNMENT PUBLIC UTILITY POLICE FIRE 

"The Difficult We Do Immediately -the Impossible Takes a Little Longer." 
F. M. Link 

FIXED STATION 
Type 250 UF5 
250/.00 watt. 

JflcLaq 
LINK AM and FM 

Radio Communications Units are 
synonymous with National Defense 

We shall continue to serve 'Defense Needs first, 
but with constantly expanding production facili- 
ties, Police and other emergency services may 

continue to obtain these preferred units. 

CONTROL UNIT 
two -wire remote control 

for 6.sed station n 
LÑK 

FMTR MOBILE ASSEMBLY 
Type 25 UFM 25/30 watt transmitter 
Type 11 OF receiver and power supply 

J red JVI. Link 125 WEST 17th ST., NEW YORK, N.Y. 
Telephone: CHELSEA 2 -4462 

Engineer Manufacturer 
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mation the true value of the unknown con- 
ductance, Gr, is found from the measured value 
of unknown conductance, G2, and the initial 
susceptance condenser capacitance, Gill, by 

G, = G2 (I - W2L "Ca1) (44) 

3.43 CORRECTION FOR L. The inductance, 
L, causes the high -frequency effective capaci- 
tance of the susceptance condenser, Ce, to rise 
above the low -frequency calibration. The ap- 
parent susceptance, measured by the suscept- 
ance condenser, therefore differs froid the true 
value. To a first approximation the true value 
of the unknown susceptance, 11 is 

w (Cet - Ce2) R, - 
1 - (Cet + C82) 

(3) 

FIG. 9. APPROXIMATE EQUIVALENT CIRCUIT 
OF SUSCEPTANCE CONDENSER CB 

3.34 CORRECTION Fou R,. The resistance, 
Rr, causes the effective conductance of the 
susceptance condenser, ('n, to vary as the ca- 

NEW PILOT A -FM FEATURES 

(CONTINUED FROM PAGE 34) 

400 -mmfd. AM duntny antenna. 
.1 mfd. IF dummy. 

5. Accurately calibrated signal generator 
capable of supplying 0.5 to 100.01111 micro- 
volts at the following frequencies. which 
constitute the order for adjusting and 
balancing the receiver: 
a. 455 kc. IF's and wave trap. 
b. 4.3 mc. IF's and discriminator. 
c. 6(X) kc. oscillator. 
d. 1,500 kc. antenna, RF and oscillator and 

loop. 
e. 600 kc. oscillator. 
f. 1,500 kc. oscillator. 
g. 6 mc. oscillator. 
h. 18 mc. oscillator. 
i. 15 Inc. antenna RF. 
j. 43 nme, oscillator ?nd 11F and 1st RF. 
k. 48 me. oscillator '2nd RF and 1st RF. 

pacitance is changed. It therefore introduces 
an error in conductance measurement when 
the unknown admittance has a relatively large 
susceptive component. To correct for its effect, 
the conductance component, áG, should be 
added algebraically to the measured conduct- 
ance. 

a(: = RrcwR,(Cet + Cm) (44) 

For capacitive unknown susceptances this cor- 
rection is positive, for inductive susceptances 
negative." 

3.45 APPLICATION OF CORRECTIONS. The 
systematic application of the corrections given 
by equations (44) to (44) will yield results that 
are limited largely by the calibration accuracy 
of the instrument. For highest accuracy, how- 
ever, it is recommended that the residual 
parameters be measured for the particular 
instrument in use.'6 

Since the corrections for errors caused by 
L ", L, and R, all increase with the capacitance, 
C8, of the susceptance condenser, the settings 
of this condenser should be kept as low as pos- 
sible. For frequencies above .20 mc. the tuning 
coil has been so chosen that initial susceptance 
balances cannot be made at settings so high 
that excessive errors occur. When inductances 
are measured the final susceptance balances 
should be kept within the range for which ini- 
tial balance is possible. 

ns When measuring low -loss condensers and dielectric 
samples. the error is often sufficiently great to cause negative 
conductance readings unless t he correction is applital. 

11 See 1). B. Sinclair. The Twin -T.:\ New Type of Null 
Instrument for Measuring Impedance at Frequencies up to 
30 me. ", Prot. 1.R.I' . for a complete description of methods 
of measurement. 

I. repeat 43 and 48 mc. adjustments and 
slightly rock in the variable condenser. 

Note: the antenna circuit has no adjustments 
for FM and is expressly designed for the Pilot 
FM -AM dipole antenna No. 110 -7. 

The zero -center galvanomenter is used to 
set the discriminator secondary trimmer and 
the FM oscillator trimmer and padder. 

Use the 0 to 1 milliammeter for 4.3 IF and 
RF trimmers and padders. 

Use the AC output meter across the voice 
coil only for AM adjustments. 

The volume control should lue on full Iiir all 
final AM adjustments. 

MUSIC TRADES SHOW DRAWS FM 
EXHIBITS 

When eIR Jlusic Trades Show opens at the 
Hotel New Yorker, New fork City, on July 
49th, practically all FM licensees will have 
their A -FM models on display. More radio 
lines will he shown than ever before. 
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2 WAY LINK FM EQUIPMENT DATA 
(CONTINUED FROM PAGE 20) 

will cause low or no output voltage. In the 
latter case, the power supply fuse protects the 
rest of the equipment from damage. An open 
buffer condenser will cause low voltage or 
rapid deterioration of the vibrator element, 
while a shorted unit will again cause low or no 
output voltage and consequent blowing of the 
power supply fuse. 

Location of Antenna * 'I'he location and installation 
of the antenna constitutes an important factor. 
The length of the antenna is not critical, but 
should be approximately % wavelength long 
for best results. Two sizes of antenna are used, 
one about 6 ft. long and the other about 7 
ft. long. The shorter ones are for frequencies 
above 35 tnc., while the longer ones are for 
frequencies below 35 inc. 

Vertical antennas on ears, trucks and tanks 
exhibit pronounced directional effects. The 
best transmission and reception will be ex- 
perienced to that side of the antenna on which 
lies the greatest mass of the car. Therefore, 
in the normal case, where the antenna is 
mounted at the rear of a car, the best com- 
munication will be possible in the direction in 
which the car is heading. This effect can he 
minimized and the efficiency also greatly 
improved by: 
1. Mounting the antenna as high on the metal 

body as practical; 
Mounting the antenna as near to the center 
of mass of the car as practical; 

3. Mounting the antenna as clear of parallel- 
ing sides of the metalwork as practical. 

FM RECEPTION REPORTS 

The amount of exact information on FM 
reception over considerable distances is still 
quite meager. For that reason, FM Magazine 
will welcome reports from listeners such as the 
one from Allen Jones which is published here. 

Such reports should give the data on recep- 
tion, time, weather conditions, and a brief de- 
scription of the antenna and receiving equip- 
ment employed. 'Thus, reports from different 
points can be compared and, undoubtedly, in- 
teresting conclusions can be drawn. 

Allen Jones' letter seems surprising in view 
of the supposedly line -of -sight characteristic, 
of ultra -high frequency transmission. How- 
ever, such unusual reception has been observed 
from time to time. His letter follows: 

Murfreesboro, Tenn. 
714 E. Burton Street 

June 14, 1941 
In reading your June issue I noticed in Spot 

News that \V I N V. Nash FM station, was 
(CONTINUED ON PAGE 46) 

A Few Back Numbers of 

FM MAGAZINE 
ARE AVAILABLE TO THOSE WHO 

SEND THEIR ORDERS AT ONCE 

January, 1941, featuring: 
Connecticut Police FM System 
Tests of W2XOR Reception on Long Island 
G.E. Police Radio Equipment 
Service Data on Zenith and Scott Sets 
G. H. Browning's FM Handbook, Chap. 3 

February, 1941 

This issue cannot be upplied 

March, 1941, featuring: 
List and Map of FM Stations 
RCA 1 and 10 Kw. Transmitters 
Details of Paxton FM Station 
Police FM Success in Nebraska 
Data on Stromberg- Carlson & G.E. Sets 
G. H. Browning's FM Handbook, Chap. 4 

April, 1941, featuring: 
FM for Cleveland Schools 
Details of Mt. Washington Station 
Complete List of FM Stations 
S -C Coaxial Speaker 
Motorola Emergency FM Equipment 
G.E. FM Frequency Monitor 

May, 1941, featuring: 
2-Way FM for Power Maintenance 
FCC Order No. 79 
How A -FM Sets Are Being Sold 
Review of A -FM Receivers, 40 Models 
W. E. Level- Governing Amplifier 
James S. Knowlson, on Defense Production 

June, 1941, featuring: 
G. E. Storage Battery Portable Data 
New REL Transmitters 
2-Way Link FM Equipment (Transmitter) 
G. H. Browning's FM Handbook, Chap. 5 

Measurement of H. F. Impedances, Part 1 

PRICE, 25c PER COPY, SUBJECT 
TO PRIOR SALE. ADDRESS: 

FM COMPANY, NEWTON, MASS. 

43 

www.americanradiohistory.com

www.americanradiohistory.com


FM ADVANCES ON ALL FRONTS 

(CONTINUED FROM PAGE 22) 

Consequently, it is necessary to be thor- 
oughly informed and then completely frank 
concerning the capabilities of the low -priced 
models under various conditions of use. When 
such questions arise. there is one certain source 
of information -namely. the engineers of the 
F:11 broadcasting stations, and dealers should 
not hesitate to consult them. 

FM Stations Check Receivers * In the past, the 
broadcast stations have paid no attention to 
the performance of receiving sets. AM trans- 
mission had no competitor, so that if reception 
was poor, at least there was nothing better. 

FM has changed all that. 13ec'ause, within 
reasonable limits, the new reception can be 
absolutely perfect, engineers and executives of 
the FM stations are taking a definite interest 
in seeing that their listeners enjoy the full 
possibilities of FM broadcasting. In this, they 
have been both prompted and encouraged by 
the FCC. 

Accordingly, FM station engineers are in- 
vestigating the new A -FM sets as they are 
brought out, and checking their performance in 
various parts of their service areas. At this 
time, when dealers have not bad a chance to 
familiarize themselves with the performance 
characteristics of the new nn,dcls, they should 
not hesitate to ask the FM station engineers 
for information and advice in order to protect 
themselves front misleading their customers. 
Claims made by manufacturers and salesmen 
are. necessarily, general rather than specific. 
and must not be taken too literally. 

Dealers can avoid complaints and assure t iic 
satisfaction of their customers by consulting 
with the FM station engineers during these 
initial stages of A -FM merchandising. 

FM RECEPTION REPORTS 

(CONTINUED FROM PAGE 45) 

tuned in on Mt. Mitchell. a distance of over 
:330 miles, by Gordon Gray and his boys from 
\\ S,1 S. \\ iuston- Salem. I have read several 
articles on distance and coverage area of FNI 
transmission and have the following informa- 
tion relative to receiving titis type of broadcast 
in our locality. 

On June 5th (this year) between the hours of 
9 :00 A.M. and 4:00 13.m. (C.S.'l'.) the following 
stations were received, using a G.E. translator 
hooked up to the audio system) of a Zenith 
radio: 
W XMN Alpine, N. J. 
W43 Paxton. Mass., Yankee Network 
\\'2XOY Schenectady, N. Y., General Elec- 

tric Co. 

\\39B Mt. Washington, N. H., Yankee 
Network 

\\'71 N Y New York. N. Y. 
1 \'31It Rochester. N. Y. 
\ \'331 Milwauke,. Wis. 

Of course our local .tat ion \\'47NV, Nash- 
ville. approximately 30 miles away, was in- 
cluded. These stations came in with signal 
strength similar to a local with good tone and 
everything that could be expected. At times 
they would completely fade out but be back in 
a few minutes. 

Between 9:45 A.I. and 10:00 A.M. on date 
mentioned. station W4313 hooked up with 
Jlutual, broadcasting the Buckeye Four pro - 
grant. The full quarter hour came in without 
fn,lin at all, and this program was clear and of 
excellent quality in every respect. 

Antenna used was di -pole made front G.E. 
short wave antenna which had been cut to 5% 
feet on both sides connected with (313 -foot 
transmission lime. 

The weather uther was clear and cool, temperature 
about 78' to 80° fair. 

This distance of receiving FM broadcast 
may not be at all new to you butt thought you 
might he interested in knowing just how this 
transmission is reaching our locality. 

Yours very truly. 
ALIEN JON Es 

712 E- Burton Street 

* * * 

Aitialetir Radio Defense 
The radio amateur is the backbone of our in- 
dusts.). Ili. interests are pr etcd und Lreaerted 

by tmal sur Rain" 1 )rf,n.r i.soriat ion. Techni- 
cal data on radio defense rquit nl for amateur 
and commercial appl irai ion i. found in the Lamen 

of u new this magazine. " Imaleur Radio 
Defense," Can s.t senil a e for your inapt t ?' 

If rite 
for 

specimen 
copy 
t o,ln v 

$2.011 

per 
vcar 

by 
xubscription 

Pacific Radio Pub. Co. 
Established I917 

\Ionadnaak Bldg. San Francisco 
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OMPLEI r 1111111111TK SIM IF tit11.ltl 
AA R OIICY 1pATIMI Eled 6. M. d SLEW t fY COMPLETE AMO Atl11aEATIYI SOU M' 01010111111.1 

JItt OOEMCY MlOIATNM E:a.d it M B. SLEEK! 

ISES FM FOR LA110E01 
!-NAY POLICE S1S1EM a 

Tif COMPEEif AND AUINOAITATIIE SOORCf OF INf00WITI00 
01FOEOUENCY M000LATMM Edu.d by M. B. SLEEPER 

Today, important engineering data on new radio de- 

velopments is appearing first, and in full, in FM Mag- 

azine. In less than a year, FM Magazine has won first 

place in the interests of executives and engineers in all 

branches of the Industry, That is because, in its appear- 

,,, = alce and editorial contents, FM Magazine has stepped 

ahead of the dull, stodgy trade -paper type of publica- 

tion, to set new standards of usefulness to the men 

who run the radio business of the U.S.A. 

THE RADIO ENGINEERING NEWS JOURNAL OF 
BROADCASTING, COMMUNICATIONS AND TELEVISION 
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Meets 
FCC REQUIREMENTS 
for both 

FM and AM Police, 
Fire, Public Utility, 
and other Emergency 
Transmitters 

Complete, 
any two bands 

$97.95 
any three bands 

$122.50 

0 

BROWNING FREQUENCY METER 
More Accurate-because it is Easier to Read 

1. Scale can be read with precision 
because of wide spread of the dial 
calibrations. 
2. Designed for use by operators of 
police, Fire and emergency radio trans- 
mitters. 
3. Checks frequencies within any two 
or three bands specified at time of pur- 
chase. Each band is 50 to 1000 kc. wide, 
depending upon position in the 1.5 to 
60 mc. spectrum. 
4. Complete stability of standard crys- 
tal oscillator and electron -coupled 
oscillator. 
5. Cathode ray indicator for accurate 
visual check against crystal standard as 
well as against transmitter. 
6. 100 -kc. crystal oscillator provides at 
least two check -points within each band. 
7. Fast operation. Less than one minute 
required to check transmitter frequency 
exactly. 
6. Light in weight - easy to carry - 
plugs into any 115 -volt AC or DC 
supply. 
9. Each instrument precision -built on 
order, hand -calibrated to better than 
.01% for each band. 

Fast Operation: the simplified and improved 

design of the Browning Frequency Meter saves 

time in checking emergency transmitters. Easy 

Reading: no need to use a magnifying gloss and 

flashlight to read the clearly calibrated scale. 

Accurate: exceeds the FCC requirements of 

.01% on each band. Rugged: not a delicate 

instrument, but a sturdy piece of emergency 

service equipment. Universal: the same instru- 

ment can be used for checking both FM and 

AM transmitters. For additional details, write 

BROWNING LABORATORIES, Inc. 
755 MAIN STREET WINCHESTER, MASSACHUSETTS 

-IS 
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Heart of the New DL Transmitter Line 
REL is now delivering FM trans- 

mitters of five power ratings, 
from 250 w. to 50 kw. These com- 
prise the new, improved DL line. 
In design and operating features 

they excel any FM transmitters 
ever offered for broadcast or 
communications service. Built 
into this equipment are the 

knowledge and experience gained 
from having built more FM 
broadcast transmitters than all 
other manufacturers combined ! 

An outstanding contribution to 

improved performance is the new 

type 558 Armstrong phase -shift 

modulator - heart and control- 
ling clement of the DL series 

transmitters. 

In frequency stability, signal -to- 
noise ratio, audio fidelity, and 
low distortion, it not only ex- 
ceeds FCC requirements but it 
establishes new standards for all 
types of FM transmitters. Fol- 
lowing are the specifications in 
brief: 

Frequency Stability - guaran- 
tced tu remain within less than 
200 cycles of the assigned fre- 
quency. Fidelity - overall re- 
sponse is within plus or minus 
1 db from 30 to 15,000 cycles. 
Noise Level - signal -to -noise 
ratio is 70 db, measured at the 
output of a monitor receiver. 
This is an unweighted measure- 
ment with 150 kc. maximum 
swing and includes hum. Dis- 
tortion - measured r.m.s. har- 

monic distortion is less than 1% 
for all frequencies between 50 and 

15,000 cycles at 150 kc. swing. 

For information on complete 
FM transmitters for broadcast, 

communications, emergency, or 
television sound transmitters, in- 
cluding speech equipment and 

antennas, address: 

RADIO ENGINEERING LABS.. Inc. 
Long Island City New York 

Pacific Coast Sales Offices: 

5334 Hollywood Blvd.. Hollywood. Calif. 

420 Market Street. San Francisco. Calif. 
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with the 

CONQUEROR CHASSIS 

The 18th Century AM -FM Phonograph Combination 

A -FM Performance 
As PILOT pioneering gave radio listeners the first all -wave 
receivers, so now the latest example of PILOT engineering 
leads in conquering static on FM, conquering inter -station 
interference on AM broadcasting, and conquering distance 
on short waves. 

The new series of PILOT models equipped with the Con- 
queror chassis surpass any radio performance that listeners 
have ever known on FM, ̀  AM, and short waves. 

... 49 features of technical advancement bring the Conqueror 
chassis out front to the position of leadership that has made 
PILOT radios known throughout the world as "The Standard 
of Excellence." 
Economies effected by PILOT'S volume production of AM- 
FM receivers are reflected in prices much lower than you 
would expect. 
Write or wire for information on the new line of PILOT 
AM -FM table models and phonograph combinations. Special 
technical information will be furnished gladly to broadcast 
station engineers and executives. Address: PILOT RADIO 
CORPORATION, Long Island City, New York. 
-FM limiter circuit overcomes static and gives 1- rnicrovolt 
sensitivity. Fully licensed under Armstrong FM patents. 

"The Standard Ios 
RADIO 

of Excellence" 

Among the 49 technical 

features are: 

45 watts maximum output 

12- and 5 -in. speakers 

B buttons for AM or FM 

Recorder connection 

Microphone connection 

2 tuned RF stages on FM 

1 tuned RF stage on AM 

New FM ntatic limiter 

- a , 
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