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 Partial List 

RADIO RECEPTOR Installations: 

Floyd Bennett Field -Brooklyn, N. Y. 

LaGuardia Airport-New York, N. Y. 

Washington National Airport - 
Washington, D. C. 

DuPont Airport -Wilmington, Del. 

St. Joseph's Airport -South Bend, Ind. 

State of Pa. Range & Marker Beacons. 

Trans- Canada Airways 

Important Airports of Soviet Russia 

U. S. Army Airports All Over the World 

Ground -to -Air Navigation and Communica- 

tions Systems and Airport Traffic Controls 

RADIO RECEPTOR was one of the first in the world to design, develop and pro- 

duce radio ground equipment for the safety, comfort and efficiency of air 

travel and transportation. Our specialized experiences have been extensively 

employed in airports and air highways around the globe where RADIO RECEPTOR 

equipment is preferred for dependability, service, long life and ease of 

maintenance. 

RADIO RECEPTOR engineers do a complete ¡Al Facilities for entire installa- 

tions, anywhere, are afforded to municipalities and private air fields. Tropical 

installations receive special attention. RADIO RECEPTOR service engineers make' 

periodic check -ups, and provide special emergency service, all over the United 

States. We are always glad to cooperate with engineers, consultants and local 

contractors in the construction and layout of any airport-large or small. 

Plan litowhie are prepared to quote on complete airport traffic con - 

trot installations and ground -to -air navigation and communications systems. 

Write for our free non -technical booklet, "HIGHWAYS OF THE AIR ", Address, Dept 

IIAI)IO RECEPTOR COMPANY, INc. 
2..E WEST 19th STREET NEW YORK I1, 1. Y. 

SINCE 1922 IN RADIO AND ELECTRONICS 

C-2 
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LEWIS WINNER, Editor 
F. WALEN, Assistant Editor 

lie See... 
A NAVAL RESEARCH AND DEVELOPMENT 
PROGRAM for communications that will 
provide for striking advancements in the 
art is in the offing, according to Captain 
J. B. Dow, USN, Director of Electronics 
of the Bureau of Ships. Speaking before 
the winter meeting of the AIEE and 
IRE, he said that he hoped a minimum 
of $25,000,000 a year would be made 
available to the Navy during peacetime 
for radio, radar and sonar development 
and research. He declared that this ex- 
tensive program has the support of all 
the chiefs of the bureaus and the Secre- 
tary of the Navy. 

Analyzing the substantial interest the 
Navy has taken in communications, Cap- 
tain Dow said that approximately $80,- 
000,000 will be spent this year for re- 
search and development, while prior to 
1942 less than $4,000,000 yearly had been 
spent for this work. He also pointed 
out that over $1,300,000,000 of communi- 
cations equipment was delivered in 1944 
to the Navy, whereas in 1941 only about 
$48,000,000 had been spent for communi- 
cations equipment. 

Even components have been placed in 
the Naval analysis group. Captain Dow 
disclosed that a component testing lab- 
oratory costing close to $1,000,000 is now 
being established at the Naval Research 
Laboratory. This unusual laboratory will 
not be disbanded in peacetime, but instead 
enlarged, if possible, for increased analy- 
sis and development work, according to 
Captain Dow. 

Discussing the enormous quantities of 
equipment used by the Navy, Captain 
Dow said that since December 7, 1941, 
some 300,000 complete equipments, each 
consisting of from 2 to 15 major units 
of equipment (receiver and transmitter), 
have been installed in over 38,000 vessels 
and landing craft. 

The United States radio communica- 
tions industry has ripped up all records 
of development and production, declared 
Captain Dow. And in the postwar era, 
he said that we look forward to new 
communications industry triumphs. 

THAT BRILLIANT SCIENTIST to whom all in- 
dustry is indebted for his invaluable con - 
tributions-Dr. Ernst F. W. Alexander - 
son -has been significantly honored by 
two celebrated scientific societies. He 
has received the Edison medal of 1944 
from the AIEE and the Cedergren gold 
medal from the American Society of 
Swedish Engineers. 

Honors well earned ! -L. W. 

Including Television Engineering, Radio Engi- 
neering, Communication & Broadcast Engi- 
neering, The Broadcast Engineer. Registered 

U. S. Patent Office. 
Member of Audit Bureau of Circulations. 
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Published in the Interests of Better Sight and Sound 1945 

Type 1AB5 Used as 

Mixer, RF Amplifier 
At 50Mc. and Above 
Sylvania Electric's lABS tube is a fila- 

ment type pentode for use as a mixer or 
RF amplifier in circuits requiring a tube 
of greater mutual conductance than the 
1LN5. 

The lAB5 is especially designed for 
operation at frequencies of 50Mc. and 

higher. Its combination of characteristics 
results in higher effective input resistance 
at these frequencies. 

The tube has an 8 -pin base of the Lock - 

In typè, and a Short T -9 bulb. It is de- 

signed to operate on a filament voltage of 
1.2. Full technical data are available from 
Sylvania Electric. 

DID YOU KNOW... 

That new long, small diameter fluorescent 
lamps soon to be placed in production at 

Sylvania Electric will be of the instant start- 
ing type? Using no starters, they will need 
less maintenance. 

That the taking of tube characteristics by 
photographing an oscilloscopic trace permits 
the measurement of tube performance which 
could not otherwise be obtained? This is the 
method used in the Sylvania Laboratories. 

Set - Owners Place FM First in 

Sylvania Survey of Radio Sets 
91% of Consumers Interviewed Say They 

Want This Feature in Postwar Receivers 

Preliminary reports of the nationwide survey being conducted by Sylvania 

Electric indicate a high degree of interest in frequency modulation. Of the 

thousands of set - owners who have been personally interviewed, 91% have 

indicated their desire to have FM incorporated in their postwar receivers. 
70% said that they were willing to pay 

an additional sum in order to get this 
feature. 

Television, while also a subject of con- 

siderable interest, ranked behind FM in 

the tabulation of survey results. 49% of 

those interviewed stated that they wanted 
television reception after the war. The 

same percentage indicated their willing- 

ness to pay extra for it. 

INFLUENCE OF COST 

As a guide to set manufacturers in their 
postwar planning, the Sylvania survey is 

also eliciting information on the amounts 
which consumers would be willing to pay 
in order to have FM and television. The 
results of this phase of the survey will 

be published in subsequent issues of 
SYLVANIA NEWS. 

Graph shows percentages of set- owners 
stating that they want FM and television 

in their postwar sets. 

SYLVESTER SURVEY 

"Would you be willing to go as high as 
$300 to have FM and television included 

in your radio set ?" 

SURVEY CONTINUES 

While the analysis of the results of per- 
sonal interviews is going on, Sylvania 
Electric is continuing its survey, and 
broadening its scope, through the me- 
dium of a series of questionnaire -type 
advertisements appearing in leading na- 
tional magazines. 

The purpose of these advertisements is 
to gather additional information on con- 
sumer preferences and interest, not only 
in various types of radio and television 
receivers, but also in the possibility of 
using electronic devices in their homes. 

SYLVANIAV1'ELECTRIC 
SYLVANIA ELECTRIC PRODUCTS INC., Radio Division, Emporium, Pa. 

MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, ACCESSORIES; INCANDESCENT LAMPS 

COMMUNICATIONS FOR FEBRUARY 1945 l 

www.americanradiohistory.com

www.americanradiohistory.com


4 COMMUNICATIONS FOR FEBRUARY 1945 

www.americanradiohistory.com

www.americanradiohistory.com


Fusite terminal panel 
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container. A single 
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a 
adapter socket 
formed to receive 
Fusite terminal panel. 

700 900 
SERIES SERIES 

1' 11/4" 

DIAMETER DIAMETER 

1.952) 11.235) 

903 

INTERFERENCE ... can spoil any pick -up. Electronic equip- 

ment can't operate satisfactorily with outside interference, either. The best 

transformer, coil or relay washes out when moisture wades in. That's the 

"why" for FUSITE hermetic seals. They keep out the wet outside by sealing 

in the dry inside. No damp amps are the positive result. In the lab, 

FUSITES pass the tough thermal shock test of dry ice to boiling water. In 

your plant, they can and do stand production handling . . . and later, 

on- the -job manhandling. FUSITE is the only glass -insulated, multi -terminal 

panel interfused within a reinforced metal shape, all. in one piece. This 

means that one and only one sealing operation is required to provide a 

perfect hermetic seal. It all adds up to this . . . parts and labor saved, 

costs downed, production upped and performance guaranteed, regardless 

of time, place or temperature. Write for samples on your business letter- 

head. A four -page illustrated file- folder, telling all about FUSITE and 

its many applications, is also yours for the asking. 

M MISTER AMP, 
THE 'LECTRIC SCAMP, 

/FOR WHOM DAMPNESS HAS THAT FEELING; 

\ BUT WHEN I'M DRY, 

I'M REALLY HIGH, 
AND IGO FOR FUSITE SEAL 

0 
Ow- 

904 

705 

706 

707 

TO 908 

909 

CINCINNATI ELECTRIC 
PRODUCTS COMPANY 

ARTHAGE AT HANNAFORD, NORWOOD, H 
CINCINNATI 12, OHIO R 

1-op,9414 1915, C.n. nnan Products CO 
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SOVND EQUIPMENT- preciaionised - mechanically and electronically- for liner performance 

No. 541 Magnetic 
Catterhead 

Reproduced above is an actual photograph of a "light" method 
frequency pattern. The inside, the wide midway and the out- 
side band are 1,000 cycle reference bands. Starting at 1,500 
cycles, at the midway reference band, the succeeding outward 
bands increase by 500 cycle increments to 8,000 cycles. 

Measurements by standard formula will show that all 
'variations in frequency strength are within ± 2 db. 

Narrowing frequency bands, from 1,000 down to 50 cycles 
in the bass, indicate a controlled power decrease - by means 
of a "network" in the electrical circuit of the Fairchild 
Magnetic Cutterhead. 

Standard playbacks, in turn, increase these lowered fre- 
quency strengths by like amounts. This artificial equalizing 

FLAT within 

1. 2 dhto 
8,000 cycles 

prevents wide amplitudes in the bass and results in a flat 
playback. 

Controlled freedom from distortion up to 8,000 cycles t 

permits the Fairchild Magnetic Cutterhead to provide the 
finest possible full volume recordings of today's 6 to 7,000 t 

cycle AM and higher cycle FM broadcasts. 
Standard with the No. 539 Fairchild Recorder, the No. 541 I 

Magnetic Cutterhead can easily be adapted to earlier Fairchild 
models and many other types of recorders. 

Descriptive and priority data are available. Address New 
York Office: 475 - 10th Avenue New York 18; Plant: 
88 -06 Van Wyck Boulevard, Jamaica 1, N. Y. 

CAMERA 

SOUND 
EQUIPMENT, 

AND INSTRUMENT CORPORATION 
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THE SOLAR MODEL CE Capacitor Exam - 
eter speedily locates common defects in 
capacitors without disconnecting condens- 
ers -often eliminating further tests. This 
saving of time and labor is accomplished 
by the unique Solar "QUICK- CHECK" 
feature. 

In this single instrument are combined 
the simplest, most convenient methods for 
examining the true condition of every 
capacitor in ordinary use ... shorts, opens, 
intermittents, high R.F. impedánce and 
high power factor. 

Catalog IN -1 illustrates and describes features 
of all models. Send for your copy today. 

ANOTHER HELPFUL SOLAR SERVICE 

re NE am= an am sr mum ommommo re am man mew 

I SOLAR CAPACITOR SALES CORP. 

285 Madison Avenue, New York 17, N. Y. 

Please send me a copy of Catalog IN -1 on Solar 
CAPACITOR ANALYZERS. 

Name 

Title 

Company Name 

Street Address 

SEND THIS COUPON IN- TODAY 
Q! 7756 
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CONTROLS FOR 
POSTWAR PRODUCTS 

With the rush to catch the earliest possible markets with post- 

war products, it is important that they be designed with units that 

can be procured without undue delay. Manufacturers of equip- 

ment requiring electric controls will find Ward Leonard Relays, 

Resistors and Rheostats readily available without "time -out" for 
redesigning. Facilities at Ward Leonard used to produce products 

for war purposes required little or no conversion. To serve post- 

war markets, they will likewise require a minimum of reconversion. 

Make your selection from the Ward Leonard Line, Let us send you 

bulletins describing controls of interest to you. 

WARP LEONARD 
RELAYS RESISTORS RHEOSTATS 

Electric control devices since 1892. 

WARD LEONARD ELECTRIC COMPANY 75 SOUTH ST. 

RELAYS for light, intermediate and 
heavy duty, sensitive, transfer, time de- 
lay, antenna changeover, break -in and 
latch -in operation. 

RESISTORS that withstand heat, 
moisture, vibration and other adverse 
conditions. Wide range of types, rat- 
ings, terminals and enclosures. 

RHEOSTATS that include the wid- 
e4t rangeof sizes, types and current 
ratings from the tiny ring types for 
radio to huge industrial assemblies. 

MOUNT VERNON, N. Y. 
,f COMMUNICATIONS FOR FEBRUARY 1945 
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DICTAPHONE ELECTRONIC 

DICTATION and .. . 

RAYTHEON TUBES 

If you're a radio serviceman or engineer, 
you'll appreciate the ingenuity and develop- 
ment work which produced this new Dictaphone 
Electronic Dictating Machine which is available 
for essential uses. And if you're a busy execu- 
tive, as well, you'll praise it as an aid to getting 
things done more easily, more quickly and more 
conveniently. Not only does it record dictation, 
but over -the -desk conversations and both ends 
of phone -calls too ! 

Raytheon high -fidelity tubes used in this re- 
markable new machine consistently deliver 
clear, realistic reproduction and give long, 
dependable performance ...just 
as they will in the future for this 
and an infinite variety of other 
electronic devices. 

When peace comes, Raytheon 
tubes will be more readily avail- 
able. And they'll be even finer 
than Raytheon's pre -war tubes, 

Listen to 
"MEET YOUR NAVY" 
Every Saturday Night 

ENTIRE BLUE NETWORK 
Coast -to -Coast 

181 Stations 

for their design and construction will have been 
proved by the toughest test of all - the acid test 
of battlefront performance. We can promise, 
too, if you're a serviceman or dealer, that the 
Raytheon tube line will be the most beneficiàl 
line for you to handle. After Victory it will pay 
you to switch to Raytheon high -fidelity tubes! 

Increased turnover and profits ... easier stock 
control ... better tubes at lower inventory cost 
... These are benefits you will enjoy after the 
war as a result of the Raytheon standardized 
tube type program, which is part of our con- 

tinued planning for the future. 

Raytheon 
Manufacturing Company 

RADIO RECEIVING TUBE DIVISION 

Newton, Massachusetts Los Angeles 
New York Chicago Atlanta 

RAYTHEON 
/fee 

ELECTR AND RADIO 
r 

BES 

All Four Divisions Have Been Awarded 
Army -Navy "E" with Stars 
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Offers You 

This 

Choice of 

SPEECH INPUT 

CONSOLES 

a ._......._yya 

T. ! ? 1 
_.._..... 
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Model 30 DeLuxe Speech Input 
Console for use as main studio 
control unit for stations up to 
50.000 watts, 

^".$ 6 45 05 
MOSS 

t 

- temi ro:e. 

Here are two popular examples of how Gates 
equipment is engineered for efficiency and economy 
to meet the requirements of every type of station. 
These two popular studio control units meet every 
demand for use as a main studio control unit, as 
sub studio control equipment, for auditorium pick- 

THE MODEL 30 CONSOLE is streamline -designed 
for real showmanship by one. of America's leading 
industrial designers, and carefully engineered to 
combine these important features: 

FM frequency response 
5 complete pre -amplifiers 
Dual program and monitoring amplifiers 

instantly interchangeable 
AU circuits controlled by keys (no push- 

buttons employed) 
Illuminated VU meter 
Massive modernistic appearance 

Model 51 CS Studioetfe Speech 
Input Console for smaller stations 
and sub -studio operation. 

ups and for large broadcasts such as symphonies, 
conventions, etc. You'll find these Gates units in 
service all over the world . . . time- proved by 
dependable service in more than 100 U. S. broad- 
casting stations ranging from 250 to 50,000 watts. 

THE MODEL 51 -CS STUDIOETTE is a junior 
size of the Model 30, substantially lower in price 
and ideally suited for the moderate -size station, 
where quality control equipment with the follow- 
ing features is desired: 

FM frequency response 
High gain and low distortion 
Accommodates 5 microphones, of which 
any 3 may be mixed simultaneously 

Has 6 remote positions 
Complete cueing, monitoring and muting 

facilities 
Attractive 3 color finish 

Wartime restrictions do not allow the sale of new broadcasting equipment without priority; therefore, this equipment is presented merely to acquaint you with Gates' current developments. 

Ask About Our Priority Plan for Prompt Deliv- ery When Gates Equipment Is Aoain Available. 

RADIO COMPANY, Qvincy, Illinois, U. S. A. 

Manufacturers of Radio Broadcast Transmitters, Speech Equipment, Antenna Tuning and Phaser Units, Amplifiers, Remote Equipment, Broadcast Station and Transmitter Accessories 
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G. I.'s main line is still Radio 

Components -but just now civilian 

items are sidetracked. We must keep the 

road clear for all -out war production, which 

has right of way till that last stop- Victory -is 
reached. But with that destination reached we're 

ready to switch right back to -mass. output of con- 

densers, tuning units, actuators and _record changers 

for home radio sets. Yes, and there's a new "branch" 

added to our main line-Speakers, which we plan to 

route through in a big way after victory. Meanwhile: 

WE STILL HAVE CAPACITY FOR URGENT WAR ASSIGNMENTS! 

Isril 111E,? 
CORPORATION 

829 NEWARK AVENUE ELIZABETH 3, N. J. 
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Among all the miracles that have been talked about for a great 
and glorious postwar era, here is one thing on which you can really count: 

JENSEN Speakers will be built around the wartime developed 4i/V/C0 5 Q JENSEN naturally 
pioneered in the use of this remarkable new magnet material which weighs only a 

fraction of other magnetic alloys of equal strength. Thus JENSEN postwar speakers with 4iN/Cl/5 
will be lighter and more compact, but still as highly efficient and rugged as 

ever. Ì JENSEN military loud speakers are now using 41/I//1,C,15 in great quantities. 
And as soon as conditions permit, 41 /?ICt 5 will 

become a feature of JENSEN PM Speakers. 

Uenen 6 
PSPEAKERS WITH 

ß,, F JENSEN RADIO MANUFACTURING COMPANY 6601 SOUTH LARAMIE AVENUE, CHICAGO 38, ILLINOIS; 
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The fine job Brush Crystal Headphones are doing in war- 
time communications is indicative of the quality of per- 

formance and workmanship built into each Brush phone. 

Features of Brush Crystal Headphones are- 
Wider range -clarity at all frequencies from 100 
to 10,000 c. p. s. 

High impedance -ideal for multiple installations. 

BIMORPH* crystal drive element. 

High sensitivity. 

Light weight, rugged, shock -proof construction. 
*Trade Mark Reg. U. 5. Pat. Office 

THE BRUSH DEVELOPMENT COMPANY 
3 5 0 3 P E R K I N S AVENUE 
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TO RELIABLE COM4 
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o 
Man's isolation under adverse conditions 
has ended with recent radio develop- 
ments which overcome the trying condi- 
tions of air and sea transportation. This 
means rising above all conditions of inter- 
ference. Among the things that have made 
this possible is Amphenol current trans- 
mission equipment that will carry the high 
frequencies without appreciable loss. 

The name " Amphenol" on high fre- 
quency cables means the best of poly- 

ethylene insulated cable -cable that is 
sold under affidavit of exacting tests and 
inspections. " Amphenol" on low -loss con- 
nectors means the minimum of loss in 
tight fitting, secure holding connections. 
On both it means transmission equipment 
that will do its part toward providing the 
clearest possible transmission and recep- 
tion of communications even under ad- 
verse conditions. 

AMERICAN PHENOLIC CORPORATION 
Chicago 50, Illinois 

In Canada - Amphenol, Limited - Toronto 

U.H.F. Cables and Connectors Con- 
nectors (A -N, British) Conduit 
Cable Assemblies Radio Paris 
Plastics for Industry. 
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YOU ARE LOOKING AT 

ANOTHER NEW -hp- INSTRUMENT! 
.. a signal generator for use below 100 kc 

This new -hp- Audio Signal Generator embodies 
many new features which are very desirable. Out- 
standing among these is the new main frequency 
dial which enables the engineer to make ex- 
tremely accurate settings. Parallax is completely 
void and the vernier adjustment is smooth and 
positive. A spring loaded gear drive, built on a 
heavy cast frame, maintains accuracy of settings. 
The Model 205 -AH consists of an -hp- Resistance - 
Tuned Audio Oscillator, an output meter, an 
impedance matching system and an attenuator 

set. The frequency range is from 1 kc to 100 kc, 
maximum power output is 5 watts, the hum level 
is at least 65 db below output voltage and the 
frequency response is ± 1 db from 10 kc reference. 
The output attenuator provides 0 to 110 db in 1 

db steps, while the output meter is calibrated 
directly in volts at 500 ohms and in db above 1 
milliwatt level. 

A limited number of preliminary 
specification sheets are ready for 
engineers who write immediately. 

HEWLETT-PACKARD COMPANY 
980 BOX 980 E STATION A PALO ALTO, CALIFORNIA 

CANADIAN OFFICE: 560 KING STREET WEST, TORONTO 2 
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they said 

it couldn't 

be done... 

and again ... 
THEY SAID 

IT COULDN'T 

BE DONE 

HYTRON 

DEVELOPMENT 

LABORAPRY 

Hytron's telescoping of receiving tubes 
to BANTAM GT size was at first consid- 
ered impracticable. Development of the 
BANTAM JR. was another impossibility to be 
proved possible. This first sub- miniature 
was a tiny tube whose diameter was about 
that of your little finger - and it was 
a pentode at that! As a production tube it 
just didn't seem to make sense. 

Encouraged by hearing -aid manufac- 
turers eager to gain the additional sensi- 
tivity of the vacuum tube, Hytron sweated 
it out for two long years. Operators were 
trained to assemble the minute parts under 

magnifying glasses. A simple reversal of 

the conventional stem made baseless tubes 
possible. Problems of obtaining suitable 
vacuum with such small bulbs, were licked. 

Finally in 1938, Hytron introduced the 
first successful sub -miniature. Tiny but 
rugged despite a hair -like filament and a 
diminutive mount structure, its low cur- 
rent drain and compactness made the 
BANTAM JR. a natural for all kinds of port- 
able equipment, hearing aids, and military 
electronic devices. After the war, watch 
for even smaller and better Hytron sub - 
miniatures. 

p,NUFACTURER 
OF RADIO RECEIVING 

TUSES 

V4 
BUY ANOTHER WAR BOND 
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A NEW STAR IN THE ELECTRONIC FIELD 

EX f.f .LENCE IN PRODUCTION 

The stage is set for something new in Universal's line of prod- 
ucts. Next month will bring the appearance of a new microphone 
to meet markets made by present and postwar demands. This 
will be the first microphone of its kind offered by Universal since 
the War. Universal has, since before Pearl Harbor, been man- 
ufacturing microphones and electronic voice communication com- 
ponents for the U. S. Army Signal Corps. 

We are still pleased to manufacture all the microphones our 
fighting men require and we are pleased to make a new micro- 
phone to fill their and essential home front needs. 

l_ Emblems of quality in war production 

UNIVERSAL MICROPHONE COMPANY 
INGLEWOOD, CALIFORNIA 

FOREIGN DIVISION: 301 CLAY STREET. SAN FRANCISCO 11, CALIFORNIA CANADIAN DIVISION: 560 KING STREET WEST, TORONTO 1, ONTARIO, CANADA 
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BT-1 
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R E S I S T O R 

W 

ti 

Lowest Temperature Rise 

Like all BT Resistors, the oper- 

ating temperature of the new 

BTA is lower than other resistors 

of comparative size! 
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Only the extreme pressure of essential war production has delayed 

our release of this small one -watt AWS RC 30 type insulated resistor. 

You'll find the BTA insulated resistor a worthy and important 

addition to the BT family. Built to meet American War Standards 

specifications, the BTA is only 0.718 inches long and 0.250 inches 

in diameter. Wattage rating, 1 Watt at 40° C ambient. Voltage 
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rating, 500 volts. Minimum range, 330 ohms. Maximum 

range, Standard: 20 megohms. 

Write today for comprehensive bulletin con- 

taining engineering data and charts. 
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RC makes more types of restsranee units, in more shapes, for more applitlations than any other manufacturer in the world. 
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A STATEMENT OF POLICY 
TO THE EQUIPMENT MANUFACTURER 

CONCERNING 9ustuw 7«41.. 

WE at Heintz and Kaufman Ltd. believe 
that equipment manufacturers, many 

of whom are making their long -range plans 
now, will be interested in the policies for 
the standardization and stabilization of 
tube types which have been established 
for Gammatrons. These policies merit 
consideration when designing equipment 
either fo1 military or civilian use. 

Practically all tubes now sold to the 
Government must conform to specifications 
covering electrical standards and physical 
dimensions. 

We are heartily in favor of the Signal 
Corps and Bureau of Ships joint standard- 
ization of electronic component parts. The 
good work of the Radio Manufacturers 
Association likewise deserves the highest 
commendation. We believe that the Joint 

BUY WAR 
BONDS 

Army and Navy Specifications for Vacuum 
Tubes (`JAN specs ") will be accepted 
voluntarily by tube manufacturers as post- 
war commercial standards, since they 
offer many advantages to the equipment 
manufacturer. 

All H&K Gammatrons when again man- 
ufactured for commercial use will conform 
to the rigid physical and electrical specifi- 
cations now required by "JAN specs." 

Thus when you design equipment around 
Gammatron tubes you can be sure that . neither electrical nor physical changes in 
these tubes will make redesign of equip- 
ment necessary, or replacement difficult. 

We plan to tell you more about our stand- 
ardization and development policies in future advertisements. So please be on the watch for them each month. 

HEINTZ AND KAUFMAN LTD, SOUTH SAN FRANC I S C O CAL I FORNI A 
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HAS MADE AVAILABLE 
TO FORMICA: 

letter Fibre Bases Such as Glass 

Defter Resins 

Better Production Methods 

Better and, More Accurate Test 
Information 

FORMICA'S service to the electrical engineer and the electrical 
manufacturer, under the pressure of war research, has im- 

proved more rapidly during the past few years than usual. 

New fibre bases such as glass have made possible high frequency 

insulation of excellent quality - comparable for many purposes 

to ceramics -which can be readily machined -which is easily 

workable in production. 

New resins such as melomine have intensified the useful qualities 

of many Formica grades. 

Infra -red treating machines, electronic heat for curing thick sec- 

tions, new types of tube rolling machines, are features of newly 

developed equipment that make possible better quality in greater 

volume. 

A large investment in the most modern testing equipment has 

enabled the Formica laboratory to give more accurate, detailed 

and valuable answers to the engineer's questions regarding the 

exact physical and chemical characteristics of the material. 

Why not make use of this exceptional equipment for service? Send 

in your inquiries. 

THE FORMICA INSULATION CO. 4635 SPRING GROVE AVE. CINCINNATI 32, OHIC> 
COMMUNICATIONS FOR FEBRUARY 1945 Si 
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C A PACI T 
S 

SPRAGUE 
CAPACITOR TYPES 
Dry Electrolytics Paper -Mica 

Power Factor Correction 
High Voltage Networks 
Vitamin Q Capacitors 

Radio Noise Suppression 
Filters, etc., etc. 

SPRAGUE 
RESISTOR TYPES 
'Koolohm Wire -Wound Power 

Hermetically- sealed Wire Wounds 
Bobbin Types 

Voltage Divider Sections 
Precision Meter Multipliers, etc, 

"T. Ms. Reg. U. S. Pat. Off. 

Probably no type of Electrical- Electronic component affords a greater 
variety of selection for a given application than capacitors. Probably no 
component is more susceptible to design changes to accommodate given 
conditions. Moreover, ngwhere has engineering been moving faster in 
developing-new-types, improving old types and, in general, changing past 
conceptions of Capacitor usage. 

That's why proper Capacitor selection is no casual matter -and this, in 
turn, is why we make the following recommendation to Capacitor users: 

Write today for a supply of Sprague Capacitor Sample Request Forms. 
Then, as Capacitor applications arise, send full data to Sprague engineers 
on these forms. Let Sprague consider all factors involved -both in the light 
of long, specialized experience, and of the latest Capacitor developments or 
adaptations which Sprague engineering may have to offer. 

It takes no longer to buy Capacitors on this basis. Such service makes 
them cost no more -and it frequently means important savings, increased 
efficiency on your production line, and greater dependability for your product. 

SPRAGUE ELECTRIC COMPANY, North Adams, Mass. 
(Formerly Sprague Specialties Co.) 
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...IN RADIO 
COMMUNICATIONS 

EQUIPMENT 

For many years, the quality of Wilcox communications appara- 
tus has been relied upon by broadcasting stations, commercial 
airlines and governmental agencies. Throughout the United 
States and over the world flight schedules have been accurately 
and safely maintained through use of Wilcox ground and aircraft 
transmitters, receivers and control equipment. From the urgency 
and new demands of war have been developed many Wilcox 
improvements for the radio and radar fields. Now, and in the 
future -look to Wilcox for all radio equipment needs. 

Engineered to the needs of those services requiring reli- 
able radio communinications, the Wilcox Electric Com- 
pany 96C equipment represents an advanced stage of 
design in the field of medium frequency, medium power 
transmitters. Each unit is a complete, fixed -frequency 2.5 
KW RF transmitter, for either telegraph or telephone oper- 
ation in the range of 2 -20 MC. 

A number of 96C Transmitters, combined with the 36A Rectifier and 50A Modu- 
lator, furnishing plate power and high -level modulation facilities respectively, form 
a flexible, multi -frequency station for either simultaneous transmission on a num- 
ber of frequencies, or the selection of an individul frequency best suited to the par- 
ticular communication problem. The use of an individual channel for each frequency 
avoids the complications of frequency shifting mechanisms. 

,fe, WILCOX ELECTRIC COMPANY, INC. 
Manufacturers of Radio Equipment 

Fourteenth and Chestnut Kansas City, Mo. 
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When Victory is ours, and Peace returns to the land ... will 
YOU be snug in your own paid -for home -with security 
against illness, provision for retirement, education for your 
children -all ASSURED BY BONDS? 

Or will you be one of those "too busy" people 
who "meant to buy Bonds tomorrow "? Who 
find themselves entering the postwar period 
empty -handed . . . facing the future with 
uncertainty? The choice is yours. 
For, wherever you are, in the service, the 
factory, the farm, the office, YOU and that 
family you love so much can be provided 
for-or can be neglected . . . it's up to you. 
Yes, actually! It all depends on what you do. 
On what you do before the war's over; on what you do, in fact, TODAY! 
You must know by now that the best, the safest investment in the world -the one with the most liberal terms -is United States WAR BONDS. What you may not know is that they are the best insurance policy there is. If you regularly invest a percentage of your weekly income in bonds -and also buy them with your savings or extra earnings, NOW -you can accumulate that very Nest Egg which spells security for your family ... easily, painlessly, right away. And, in just ten short years, you'll have 4 DOL- 
LARS FOR EVERY 3 you invest! 
We guess that makes War Bonds just about 
the best darn buy there is. You're helping 
the boys to come home sooner -and you're 
insuring a bright, safe future for those you 
love. When you invest in Bonds, the full 
faith and credit of the United States Govern- 
ment is behind that future of yours! 

THE MARK OF EXCELLENCE 

If You Believe in America ... BUY BONDS! 
Here at Kenyon, we're proud to play our small role on the stage of a BIG war. That's why EVERY Kenyon transformer used by our fighting forces throughout the world reflects only the highest precision craftsmanship. 
Kenyon workers are doing their share -bringing Victory closer by turn- ing out top quality transformers uninterruptedly -and as fast as possible! 

KENYON TRANSFORMER CO., Inc. YORNY U.S.A. 
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After AOLPll and TOJO are 0.11.1 
The rig he left behind is due for a big change when 

GI Joe comes home. War experience has been an 

"eye opener" for him. From chassis to sky wire 

many pre -war Ham outfits will undergo a major al- 

teration and amazing technical advances will be put 

into practice. Stimulated by training and experi- 

ence gained in the armed services thousands of new 

enthusiasts will swell the ranks of amateur radio. 

When the gang goes back on the air again, 

CQ'ing, SS or DX; UNITED will be ready to serve the 

Amateur with war -perfected Transmitting Tubes. 

Since 1934 UNITED has specialized in engineer- 

ing, designing and building Transmitting Tubes that 

set the Quality Standard for the entire Radio Indus- 

try. When performance counts UNITED Tubes pro- 

vide a maximum of electronic efficiency -plus a 

long and dependable life. Accept nothing less than 

UNITED quality for your own tube requirements. 

Order direct or from your electronic parts jobber. 

MASTERPIECE OF SKILLED HANDS 

ELECTRONICS COMPANY 
NEWARK, 2 ' NEW JERSEY 

Transmitting Tubes EXCLUSIVELY Since 1934 813 
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STRAIGHT 
TO THE IIARK! 

Our Navy's PT Boats are driving 
the war home to the enemy at high 
speed. They're shooting straight to 
the mark ! They're demonstrating the 

American ingenuity and industry to 
the Jap war lords! 

Eastern is serving on board these scrappy, hard - 
hitting PT Boats. Eastern equipment helps them 
carry out each assignment- swiftly and surely. 
Amplifiers, only a few short years ago, were 
thought of mainly in connection with sound sys- 
tems. Today, they are an important part of many 
essential war instruments. 

Eastern is proud to utilize its engineering and 
production facilities in the war effort ... certain 
that its war -time experience will result in better - 
than -ever post -war sound and electronic equip- 

ment. Until the victory is won, Eastern will con- 
tinue to devote all its resources to the design and 
manufacture of war equipment. To aid the war 
effort, our engineers are available for consultation 
on any amplification problem you may have. 

On request, we shall be glad to forward brochure 
containing the first of a series of articles covering tech- nical phases of interest on sound amplification prepared 
by our engineering staff. Ask for Brochure 2 -G. 

EASTERN AMPL :FIER CORPORATION 
794 East 140th Street, New York 54, N. Y. 

Po 
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p4 /w,4/fEHíCAIN USES EIMAÇ TUBES 

Final amplifier of typical P.A.A.1 

ground station showing Eima< 

2000T tube, Eimac Vacuum Con- 
densers and Eimac RX 21 rectifiers. 

Write for your copy of Elec. 

Ironic Telesis -a 64 page book- 

let fully illustrated - covering 

fundamentals of Electronics 

and many of its important 
applications. Written in lay. 
man's language. 

Pan American World Airways, which has done 
so much to advance the war -time goals of the 
nation, has just announced a plan for a new 
service to South America. Employing a fleet of 
stratosphere planes, carrying 108 passengers, 
flying at more than three hundred miles an hour, 
Pan American proposes to take travelers from 
New York to Rio de Janiero in less than twenty 
hours instead of the present sixty - six hours, 
charging $175 for the trip, as against the cur- 
rent rate of $491. 

Pan American Airways and all its associated 
and affiliated companies, which comprise the 
P. A. A.World System, have been using Eimac 
tubes in the key sockets of all ground sta- 
tions for a number of years. 

Because of the extensive operations of 
Pan American World Airways, these tubes 
have been subjected to about every test pos- 
sible - altitudes ; ground level; extremely 
cold climates and high temperatures found 
at the equator; conditions of high and low 
humidity; and in some instances, when new 
bases are being built, perhaps somewhat try- 
ing power conditions. The high regard 
which P. A. A. engineers have for Eimac 
tubes is clearly evidenced by their continued 
and more extensive use, as the years roll by. 

The fact that Eimac tubes are the number 
one favorite of the commercial airlines is 

important evidence to substantiate the oft 
repeated statement that " Eimac tubes are 
first choice of leading electronic engineers 
throughout the world." 
Follow the leaders to 

EITEL- McCULLOUGH, INC., 947 San Mateo Ave., SAN BRUNO, CALIF. 

PLANTS LOCATED AT: SAN BRUNO, CALIFORNIA AND SALT LAKE CITY, UTAH 

Export Agents: FRAZAR & HANSEN, 3or Clay Street, San Francisco, California, U. S. A. 
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A HEAVY WIRING HARNES 
by a Wire Manufacturer 

IN BUSINESS 

76228 -M 
2S COMMUNICATIONS FOR FEBRUARY 1945 

SINCE 1904 

helps solve your manpower problem 
Use Lenz Laced Wiring Harnesses, constructed of approved types of color 
ceded insulatión to speed up your assembly operations, and release manpower 
for other work on the assembly line. 

The Lenz organization, manufacturers of radio and instrument hookup, 
has the experienced personnel that can produce these harnesses with 
meticulous care and regard for precision, to meet your exact specifications. 

Quotations will be gladly furnished on receipt of sketch and specifications. 

LEVI ELECTRIC MANUFACTURING CO. 
1751 North Western Avenue Chicago 47, Illinois 
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federal 
Tubes.. 
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re is onww of the double aisle 
aust banks where 16 high 

user tubas can be exhausted 
one tinu+, each with indiv 
lc 

Always in the fore- 
front of tube research 

and development, Federal 
makes another advance and 

now has added exhaust unite o 
entirely new and original design to i 

production equipment. 
This latest Federal achievement produces 

a tube that is substantially closer to the per- 
fect vacuum -a tube with greater efficiency 
and longer life. 

Arranged in banks of eight and operat 
with identical control equipment, these unit: 
exhaust uniformly every size of Federal 
tube - assuring a consistent and high stan ' 

and of quality. 
For any communication and industrial 

power tube need, turn to Federal now - test 
its reputation that "Federal always has 
better tubes." 

Federal Telephone and Radio Corporation 
Newark 1, N. J. 
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CONGRATtILATIONS... 

ON BOTH YOUR FINE WOR 

AND FORESIGHT ON THE PAYROLL SAVINGS PLAN 

IN your wholehearted support of the 
Payroll Savings Plan, you are doing far 
more than backing the most valid system 
of war financing -and building a power- 
ful dam against the onrush of dangerous 
inflationary dollars. 

By encouraging the all -out participation 
of your employees in this greatest of all 

savings plans, you are helping to create a 

sound economy for post war days. 

With this same plan, you are assisting 
working America to build a mainstay 
against the inroads of unemployment 
and want - to save for homes, educa- 

tional advantages and old age comforts! 

You and your employees, through mutual 
cooperation in this forward- looking plan, 
are gaining a new and closer understand- 
ing -the cornerstone of a firmer, mutually 
profitable relationship! 

National benefits, too, follow the "All 
Out" effort you are making! The pros- 
perity of our United States rests on the 
economic stability of both management 
and labor. Your Payroll Savings Plan is 
working constructively toward the assur- 
ance of both! 

The Treasury Department acknowledges with appreciation the publication of this message by 

COMMUNICATIONS 

* This is an official U.S. Treasury advertisement prepared under the auspices of Treasury Department and War Advertising Council 
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The raw product comes from 

Brazil. As a result of interplay 

of elements - over possibly 

millions of years - Mother 
Nature endowed the raw 
quartz with the phenomenon 

of PIEZO- ELECTRICITY 

f 

rystals were applied, before the war, on a small scale mainly in trans- 

mitters and in supersonic television. Today, the crystal is the heart of all 
communications equipment of the armed forces. Crystals are used in the 

air, on the ground, on the sea and under water. 

American inventive ingenuity made possible a mass production technique 

which enabled this probably youngest of all industries . to produce tens 

of millions of this critical component. 

Crystals of all types ... for frequency control or for supersonic applications 
. . . plated or pressure mounted . . . in hermetically sealed or in plain 
holders . . . are manufactured - in two most up -to -date plants -- by 
TEL/CON Corporation. 

SUPERSONICS* RADIO * ELECTRONICS 

TELE 
FOLLOWING 

305 E. 63rd St 

151 N 
VICTORY 

T IL, II C Oo IN r)c)r/i NEW YORK 21, N. Y. 
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twenty -four hours of every day 

er Pro" re fivers are assisting 

Eetny. y n war and in peace 

ESTABLISHED 1910 
MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT 
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LEWIS WINNE E, 

F F II o iJ ,t o 

Fidue 2 oho. e) 

the RR(: reeordinii doit t the war front. 

1 ! 4 5 

F mure I i below 

(lose up of the RRC wr correspondent's front -line 

recorder. 

WAR CORRESPONDENT'S 
ECORDER AT BBC 

by W. J. LLOYD and D. E. L. SHORTER 
o,10 r. 

OR front -line reporting by RR( 
war correspondents. a 5implitirtl 
lightweight dise-type recording 

nit has hee,i developed. Adjustments 
.Ise accu reduced to a minimum. 

klthough these requirements are 
iltilled to some measure by various. 
pes of tape recorders. it is a hit 

i(fieult to make use of portions of thy 

',%i) 6VG1 VP, R1Vt. 

recorded material without returning 
the whole drum of tape to its hase. 
Further. the editing of tape recording 
k rather a laborious process. For 
these reasons it was decided to record 
on Ill' aluminum discs (coated with 
cellulose nitrate). 

As the equipment was primarily in- 
tended for speech only. advantage was 

t:.ken of the restricted frequency range 
of sound to he used. It was not necc - 

sary to adhere to the normal high- 
fidelity recording standards. as long a- 
a high degree of intelligibility was 
maintained. 

To operate the recorder. only a few 
simple operations are necessary. After 
placing a disc on the turntable. and 
moving the cutter arm to a suitable 
position over the disc. the microphone 
is removed from a clip in the lid: 
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this lid can then be closed for protec- 
tion from rain or debris. A motor is 
then wound and a single motor knob 
is turned. An amplifier switch is then 
snapped on, cutter -head is lowered and 
the commentary can begin. A warning 
light indicates that about 15 seconds 
remain before recording will be com- 
pleted. When this 15- second period 
expires, an automatic trip shuts off 
the recorder. To interrupt recording, 
a stop button can be depressed. Three 
minutes of talk are provided on the 
disc, a period which has been found 
long enough for most dispatches from 
the front. 

In view of the weight of the re- 
corder, it was necessary to judge the 
weight of the allied equipment which 
has to be carried by the correspon- 
dents. A man can normally carry 
thirty -five pounds with reasonable ease 
for a moderate distance, but if the 
weight is increased to fifty pounds 
considerable difficulty would be ex- 
perienced in carrying it for even short 
distances under active service condi- 
tions. After completing our recorder 

Figure 3 

Three -stage amplifier circuit using low consump- 
tion pentodes in the first two stages, and a 

quiescent push -pull pentode in stage three. 

model, we found it, the batteries, and 
12 discs to weigh 42 pounds. This has 
been reduced to 40 pounds. The shape 
of the case, as well as its weight, 
makes a great deal of difference to 
the ease with which it may be carried. 
The best practicable proportions were 
found to be 16" x 13" x 10". 

The unit's lightness and small size 
make it ideal for recording in aircraft. 

A spring motor was found to be the 
only satisfactory drive for the turn- 
table, since an electrically powered 
motor required batteries which added 
too much weight to the project. No 
commercial phonograph motor was 
found capable of supplying the torque 
necessary to overcome the drag of ap- 
proximately 10 ounce -inches imposed 
by the recording cutter. (The stand- 
ard phonograph record drag is about 
4 ounce- inches) . It was therefore nec- 
essary to experiment with various 
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mechanical systems. In the early ex- 
periments a commercial clockwork t 

unit was used; the spring barrel was 
modified to include the two springs i 

parallel, instead of the normal serie' 
link. This provided about twice the 
normal torque at the expense of run- i 

ning time. Since, however, the motor; 
was designed to replay three 12" rec- 
ords without rewinding, there was still 
ample time for recording on a 10' 
disc. With this information as a basis 
of design, we then approached a man- 
ufacturer. With his aid we secured a 
special motor capable of maintaining . 
three and a half times the normal 
torque for approximately 250 revolu- 
tions of the turntable, which at the 
standard rate of 78 rpm, corresponds 
to a recording time of about 3 minutes. 
The normal type of handle was unsuit- 
able as it had to be removed after each 
recording session. A new handle was 
developed therefore, this one folder, 

back into a recess when carrying. 
A pivoting arm method of tracking 

the head across the disc was decided 
upon to replace the parallel tracking 

Figures 4 (left) and 5 (below) 
Figure 4, underside view of recorder. Figure 5, amplifier and 

battery box. 
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ll 

P 

n 

r 

ystem. Originally a leadscrew drive 
as adopted using an O.B.A. standard 

hread, but later this was improved to 
buttress thread having the core diam- 

ter and pitch of a 5/16" Whitworth 
tandard. The leadscrew is driven by 
spring -loaded rubber -faced disc and 

heel at right angles from one of the 
otor layshafts. 
The form of the knife -edge to en- 

age with the leadscrew necessitated 
orne experiment as the leadscrew 
ormed a chord to the arc of travel of 
he cutter -arm. This blade is fixed to 

e end of a leaf spring, the other end 
f which is attached to the lower end 
f a pillar, which forms a bearing in a 
äse attached to the motor board. The 
utterarm is carried on two pivots 
ounted on the top end of the pillar, 

nd also rests on a slide which can be 
loved vertically in order to raise and 
wer the cutter -head by a cam on the 
ontrol shaft. 
Figure 5 shows some of the detail of 
e control mechanism. The control 

nob has a free wheel device inside 
hich permits the shaft to be turned 

a clockwise direction only. Fixed 
n the shaft are three cams and a 
ring. The first cam in the off posi- 

on holds the governor pad of the 
otor hard on to the friction disc, 

reventing rotation. When the shaft is 
rued through 180° to the on posi- 

on, the cam actuates the spring 
aves of two micro -switches which 
ose the battery circuits, thus switch - 
g on the amplifier. (There is no 
preciable delay in warming up). 

he action of turning the shaft clock - 
ise winds up a spring which stores 
ergy for returning the shaft to the i position when released. The shaft 
held in the on position by a second 
m which has a pin engaging with a 
t in it. The pin is carried on a trip 
er which may be moved out of en- 

gement either manually by depress - 
g a button on the control panel, or 
tomatically, when the cutter head 
aches the inside of the record. Auto - 
tic tripping is effected by a leaf 

ring, connected with the tracking 
chanism, pushing against the end of 

e trip lever. An initial tension is 
ven to the return spring to insure 
e mechanism returning fully to the 

position. A third cam raises the 
tter head by means of the slide pre - 
ously mentioned. The spring arm 
rrying the knife edge passes over 
is cam, which, when in the off po- 
ion, disengages the tracking mecha- 

r 

ig 

Figure 7 

Closeup of the recorder control mechanism. 

'FUND ENGINEERING 

nism. The red warning lamp, which is 
operated from the amplifier batteries, 
lights up the instant the spring arm 
makes contact with the trip lever. 

A light and sensitive cutter head is 
necessary. Various phonograph pickup 
assemblies were tried as cutter heads. 
A piezoelectric type was finally 
adopted. The crystal holder is designed 
to give the replay needle the large 
trailing angle necessary for the repro- 
duction of discs. When used for re- 
cording, however, this angle is far too 
great and in order to obtain the cor- 
rect degree of trail, the shank of the 
cutter is bent. Sapphire- tipped cutters 
were used, they were found to last 
longer than steel cutters, although 
careful handling is essential. To ac- 
comodate emergencies, six spares are 
supplied with the unit. The inclined 
axis of rotation of the stylus, coupled 
with the bending of the sapphire 
shank, results in a complex mode of 
vibration of the sapphire tip. Any dis- 
tortion introduced by this effect, how- 
ever, is negligible for the present 
purpose. 

A unit method of construction was 
adopted to facilitate the servicing of 

Figure 6 
Underside view, with amplifier removed. 

the equipment in the field. Any one of 
the three main units, motor, amplifier, 
01 battery box, can be replaced if 
faulty with the aid of simple tools and 
returned to base for service. 

Plastics were used freely in the de- 
sign, but, in some cases such as the 
cams, metal reinforcement was found 
necessary. The motor board is of plas- 
ticised linen, and the various units are 
mounted on it. 

The motor board is fixed by four 
wing nuts to a strip metal frame, resil- 
iently mounted inside the wooden case. 
Wood was chosen for the case to save 
weight. Metal reinforcements are fit- 
ted to each corner on the outside, 
while further strength is given by cor- 
ner brackets holding the resilient 
mountings. 

Electrical Equipment 

Two types of microphone have been 
used with this equipment. One of these 

(Continued on page 68) 
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IMPEDANCE 
BRIÙGE 

x 

»xa 
:. M31 P 4 *ANN. '.. 

.. 

Figures 1 (right) and 
lo (left) 

Figure 1, basic bridge 
networks for measure- 
ment of resistance, 
capacitance and induc- 
tance. Figure la, the 
completed general -pur- 

pose bridge. 

A GENERAL - PURPOSE 

IMPEDANCE BRIDGE 

S IMPL 

RESISTANCE 

CAPACITANC E 

INDUCTANCE 

IFIE Q 

SWITCHING CIRCUIT 
by P. M. HONNELL 

Lt. Col., Signal Corps 

U. S. Military Academy 

THE usefulness of the general -pur- 
pose impedance bridge for routine 
laboratory measurements at audio 

frequencies is well known. Although its 
accuracy is generally not as high as that 
of specialized bridges designed for the 
measurement of specific circuit para- 
meters, the compactness, versatility, and 
reasonable cost of the general- purpose 
bridge far outweighs this limitation. 

The general -purpose bridge is in reality 
three bridges in one since it must pro- 
vide networks for the measurement of 
resistance, capacitance, and inductance. 
Three basic bridge networks suitable for 
these measurements are shown in Figure 
1. To reduce the number of component 
parts of the impeaance bridge to a mini- 
mum, it is apparent that some means 
must be provided for switching between 
these three basic bridge circuits. Al- 

though the literature is replete with de- 
scriptions of bridge circuits, there are 
few references to suitable methods of 
achieving this end. 

This paper describes a simplified cir- 
cuit which does not require complicated 
or special switches to change from one 
bridge circuit to the other. 

The Circuit 
The complete bridge circuit is shown 

in Figure 2. It comprises two adjustable 
resistive arms A and B; an adjustable 
capacitive arm C; and a continuously 
variable resistive arm D. The variable 
resistances R. and Rp are provided for 
balancing the loss components, of capaci- 
tors and inductors under measurement. 
The shielded transformer isolates the out- 
put circuit electrostatically from the 
bridge circuit. The remaining jacks, 

The opinions expressed in this paper 
must not be construed in any way as 
reflecting the official views of the War 
Department. 
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binding posts, switches and shields ar 
self -explanatory. The following part 
graphs outline the operating procedur 
for specific parameter measuremen 
with this bridge circuit. 

Resistance Measurements 
For d -c resistance measurements, tl- 

a-c/d-c switch is thrown to d -c, and 
appropriate value of battery applied t 
the input jack of the bridge. The micr 
ammeter is used for indicating the d 
balance, the sensitivity switch being use 
to protect the instrument during the i 
itial stages of the balancing adj ustmen 
The unknown resistor is connected to t 
R. binding posts; adjacent decade swita 
C is set on I Rx I ; A and B arms set 
a suitable value (by trial, if necessar 
and continuously variable arm D a 
justed until the bridge is balanced. 

For a -c resistance measurements, t 
battery is replaced by an oscillator of t 
desired frequency and 1 to 10 volts or 
put ; the a -c /d -c switch is thrown to a 
and a pair of headphones or an amp 
fier with an output meter is connected 
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l'epeit dam 
SWITCHES 

THESE low- capacity space -saving switches are 
used singly and in groups. 

In shops and laboratories, by experimenters and 
by manufacturers these Centralab switches are 
becoming increasingly popular. 
They are particularly adapted to broadcasting, 
receiving, public address, test instruments and 
individual uses. 

These Centralab switches are available in ten 
different combinations including positive and 
spring return action types with either shorting or 
non -shorting contacts. 
Be sure to specify "CENTRALAB" when ordering 
Lever Action Switches. 

;r 

Division of GLOBE -UNION INC., Milwaukee 

PRODUCERS of Variable Resistors; 
Selector Switches; Ceramic Capac- 
itors, Fixed and Variable; Steatite In- 
sulators and Silver Mica Capacitors. 

( 

o 
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DC /AC 
INPUT 
JACK 

3 5 `N, SHIELD 
Ion 1011 .IO11 A ` f 

. m 
OHMS 

o 
C 

Lx 
,O, 

AC 
OUTPUT 

JACK 

SHIELDED 
TRANSFORMER 

o 

T 

O 
1 ` 

D G 

O 
!SHIELD 

I 
If 

i I j SEC. 

OHMS 

B 

L 

xI 
MIL 

O5 M 11 

SHIELD 

1000.11 

OHMS 

the output jack for indication of balance. 
The bridge arm settings are the same 
as for d -c measurements. 

Capacitance Measurements 

For capacitance measurements, the un- 
known capacitor is connected to the C. 
binding posts ; decade switch A adjacent 
to these posts is set on 1C,I; decade 
capacitance C is set on 10-", 10 -' or 10 -° 
farads; decade B on a resistance value 
(by trial if necessary) ; and the con- 
tinuously variable arm D is adjusted for 
balance. 

The loss component of the unknown is 
balanced by either the variable resistor 
R, (for capacitors with low losses) or 
the variable resistor Rp (for capacitors 
with high losses). For some conditions, 

The simplified 

either resistor 
still obtained. 

Figure 2 
circuit for the general- purpose 

bridge. 

may be used and a balance 

Inductance Measurements 
Inductors are measured by connecting 

them to the Lx binding posts ; setting the 
adjacent B decade switch on I L: I ; and 
using appropriate values of the A and C 
decades. Balance is obtained by várying 
the D arm. The coil losses are balanced 
by either the Re or RP variable resistors 
(for low -loss and high -loss coils, respec- 
tively). 

Summary of Settings 
Only the decade switches are required 

MEASUREMENT 
BR DGE ARM SETTINGS 

BRIDGE NETWORK 
A B C D Rs RP 

RESISTOR OHMS OHMS OHMS 0 c A 

B 

Rx 

D 

RA 

Rs OHMS OHMS 0 OHMS OHMS ° 
Rp OHMS OHMS OHMS O OHMS 

CAPACITOR OHMS 

F A 

Á 
D 

S 

OHMS 

BALANCE FOR 

CAPACIT 

LOSS WITH 

OR 

RsORRP 

© 

Cx 

CA I 

B D 

I' 

I 

INDUCTOR OHMS 

F 
A 

A 
Rs 

OHMS 

BALANCE FOR 

LOSS WITH 

OR RP 

q © 
A C 

t LA 
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for sitching between the three bridge e 
circuits shown in Figure 1. This greatly 
simplifies circuit wiring, and minimizes 
sources of errors due to stray inductive 
and capacitive couplings between the 
bridge arms since such stray couplings are 
thereby kept to a low value. 

A summary of the foregoing settings 
of the bridge arms for the various para- 
meter measurements, together with the 
corresponding bridge networks appears in 
Table I. Due to the symmetrical physical 
arrangement of the bridge (Figure 2), 
reference to this summary of settings 
becomes unnecessary after a few typical 
measurements have been made, since the . 

proper settings are learned quickly. 

Numerical Results of Measurements 
After the appropriate settings of the 

decade and variable arms have been 
made for null output, or balance of the 
bridge, substitution must be made in the 
proper equation of balance to obtain nu- 
merical values for the unknown para- 
meters under test. These equations of 
balance are given in Table II, and apply 
to the corresponding three bridge net- 
works which may be set up on the im- 
pedance bridge according to the method 
outlined in Table I. In many cases, this 
substitution in the balance equations can 
be completed mentally, since the A, B 
and C arms are in powers of ten, and the 
variable arm D is direct reading. (The 
equations in Table II are of course per- 
fectly general, and apply to the corre- 
sponding bridge networks shown.) 

Although the bridge is not quite direct 
reading in the sense that substitution in 
an equation is required, compensating ad- 
vantages of this arrangement should not 

Figure 3 
Table I, with bridge arm settings for measure- ment of resistance, capacitance and inductance. 
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ot 

70 Types 
PLUGS & CONNECTORS 

SIGNAL CORPS NAVY SPECIFICATIONS 

Types: 
50 -A 61 

54 62 
55 63 
56 64 
58 65 
59 67 
60 68 

PLP 
56 65 
59 67 
60 74 
61 76 
62 77 
63 104 
64 

1136 -1 

PL 
74 114 150 
76 119 159 
77 120 160 

104 124 291 -A 
108 125 354 
109 127 
112 149 

PLQ PLS 

56 65 
59 67 

60 74 
61 76 
62 77 
63 104 
64 

56 64 
59 65 
60 74 
61 76 
62 77 
63 104 

NAF 
No. 212938-1 

Other Designs to Order 

lOd 

FOR VICTORY 
Remler is equipped for the mass production of many types of 

radio and electronic devices from humble plugs and connectors 

to complete sound amplifying and transmitting systems. In- 

genious production techniques contribute to Remler precision, 

reduce costs and speed up deliveries. The Axis is on the run 

and final Victory is in sight. Let us help you finish the job. 

Wire or telephone if we can be of assistance 

REMLER COMPANY, LTD. 2101 Bryant St. San Francisco, 10, Calif. 

REMLER 
SINCE 1918 

-Onnounccng S eommunccatcon S uipment 
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PARAMETER BRIDGE NETWORK EQUATIONS OF BALANCE 

(a) RESISTOR 

A Rx 

A D 
, I © 0 

B D 

B 

(b) CAPACITOR 

CX 

C 

cb 
RX . 

. 
RS 

CX° B 

BpRS II © BI RX- 

I 

QX- WCXRX WCRS 

(c) CAPACI TOR 

RX C 
CX- 

C D I 

. 
S 

B I +(WCRS)2 

Bo$ 
(wcRS)z I 

CO RX- 

QX=WCXRX= 

I 

B 

I I i 

D 
WCRS 

(d) CAPACITOR 

CX 

RX 

Rp 

C 

C D I -I- (WCRp)2 
CX B (WCRp)2 

P 

RX- BD 
I 

,I o Q 
B 

II 

D 

I +(WCRP)2 
I 

QX- W CXRX Q X W C X R X C C R P 

(e) CAPACITOR 

RX 
RP CX- CB 

© RX BDP 

Ox =WCX RX = WCRp 

,I 

D 

be overlooked : Since the ratio arms are 
adjustable, the range of the bridge is 
very great, particularly as to loss balance 
over the frequency range of the bridge; 
the bridge arms may be adjusted for 
greatest sensitivity or ease of balance, 
depending upon the magnitude of the 
parameter under test ; and finally, but not 
the least important, it is possible to com- 
pute both the equivalent series and par- 
allel combination of inductors or capaci- 
tors under test and their loss components, 
thus providing great versatility to the 
measurements. 

Equations of Balance 
Since a capacitor with losses may be 

considered either as a capacitance and 
resistance in series, or a capacitance and 
resistance in parallel, and since these com- 
binations may be . balanced on the general - 
purpose bridge with either the resistance 

Figure 4 
Table II, with equations of balance for resistor 

and capacitor measurements. 

R. in series (or the resistance R9 in 
parallel) with the bridge capacitance 
standard arm C there are four different 
combinations possible for this measure- 
ment. Thus, there are four capacitance 
bridge equations of balance. Likewise, 
there are four possible equations of bal- 
ance for inductor measurements. For- 
tunately, there is only one resistance 
bridge equation, making a total of nine 
equations of balance. These bridge cir- 
cuits and their exact equations of bal- 
ance, together with the expressions for 
the Q. of the parameter under measure- 
ment, are listed in Table II (a) to (i). 

Resistance Bridge 
In Table II (a), we have the Wheat- 
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stone bridge equation of balance for R. 
that is applicable to both direct and al- 
ternating current measurement of resis- 
tance. (It is, in fact, possible to place 
a battery and oscillator in series to the 
input jack thus facilitating a quick change 
from d -c to a -c resistance measurements 
when this is desired.) 

Capacitance Bridges 
The series resistance bridge appears in 

(b) of Table H. Here an unknown ca- 
pacitance C. and resistance R. in series (or a capacitor with losses represented 
in this manner) are balanced with the resistance R. in series with the standard 
capacitance arm C. Note that the testing frequency is absent from the balance equa- 
tions for C. and R=, although of course present in the expression for Q. Since R. varies from a nominal maximum value 
to zero ohms, this circuit is usually most 
INSTR'IMENT DESIGN AND APPLICATION 
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METALLIC 
RECTIFIERS 

B -L METALLIC RECTIFIERS 
from Milliwatts to Kilowatts 

If you have an A. C. - D. C. conversion 
problem, let B -L engineers help you. We 
have successfully produced many appli- 
ances formerly thought impractical. 

B -L Metallic Rectifiers have been favor- 

ably known to the electrical industry for 

many years. They are reliable, efficient, 
designed to get your job done right! 

No matter what rectifier applications you 
are considering, B -L will be glad to work 
with you. Selenium and Copper Sulphide 
Rectifiers for all needs are available. 

Write today for Bulletin R-41e giving full details about B -L Selenium Rectifiers. 
Bulletin R -3 8e for full details about B -L Copper Sulphide Rectifiers. 

COPPER 
SULPHIDE 

B L 
METALLIC 

RECTI FIERS 
SINCE 1913 

SELENIUM 

THE BENWOOD LINZE COMPANY 
1 8 1 5 Locust Street St. Louis 3, Mo. 

DESIGNERS AND MANUFACTURERS OF COPPER SULPHIDE AND SELENIUM RECTIFIERS, 
BATTERY CHARGERS, AND D. C. POWER SUPPLIES FOR PRACTICALLY EVERY REQUIREMENT. 
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PARAMETER . BRIDGE : `NETiIVÓRK 

. 
- . 

EQUATION5 Of 

(f) INDUCTOR A 
I © 

RS 

l 
1 

LX= ACD 1+(WCRS)2 

A D (CO C R02 

RX- RS I + (WCRS)2 

W LX - I 

, 

Lx " D Q X- RX WCRS 

LX=A C D 

A D 

(g) INDUCTOR 

A 

C 

RS 

:x1 

LX 
X W Lx W C RS 

A 
Rp 

0 

LX=AC D 

D 

ARp (h) INDUCTOR RX- 

W L 
QX° 

I © . 
, 

LX ' 
RX 

D RX = WCRp 

(i) INDUCTOR 

A 

© 

Rp 

0 l,. 

L ACD 1i.(WCRp)2 
X= (WCRp)2 

RX= R° l + (WCRp)2] 

Fix - 

lI 
. 

D W C Q x 
W LX 

advantageous for high Q. measurements. 
The Wien' bridge is given in (c) of 

Table II. Here an unknown capacitance 
C, and resistance R. in parallel (or a 
capacitor with losses represented in this 
manner) are balanced by the sanie im- 
pedance- bridge circuit as in (b). That 
is, the resistance R. in series with the 

standard capacitance arm C provides the 
loss balance. Note that there are now 
frequency terms present in the balance 
equations. As in (b) , this arrangement 
is most suitable for high Q. measure- 
ments. If Q. > 10, then the equation for 
C. in (b) may be used with less than 
1% error ; that is, the frequency tern 

i 

secondary 
shields 

secondary 

cut -away 
view 

outer primary shield inner primary shield 

primary 
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Figures 5 (above) and 
6 (left) 

Figure 5, Table II 
with equations of bal- 
ance for inductor meas- 
urements with general - 
purpose bridge. Figure 
6, the shielded bridge 

transformer. 

in C. is then inappreciable. It is, ho. 
ever, of importance in the equation 
R1. 

In (d) of Table II we have an inv( 
sion of the Wien bridge, where an u 
known series combination of a capa 
tance C. and resistance R. are balano 
with the resistance Rp in shunt with t 
standard capacitance arm C. Frequen 
terms appear in the equations for b: 
ance. Since the resistance Rp is variai 
from a nominal maximum value to z 
ohms, the circuit is best adapted to k 
values of Q=, in which case the ft 
quency term becomes important in t 
equation for C :, and unimportant in I 

The parallel resistance bridge is pt 
sented in (e) of the Table. No tert 
involving frequency appear in the b: 
ance equations for C. and R.; and it 
likewise most suitable for low Q. valu 
Inductance Bridges 

The well -known Hay bridge for t 
measurement of inductors appears in ( 
of Table II. Here the unknown consi: 
of an inductance L. in series with a t 

(Continued on page 81) 
1It is interesting to note that although literature calls the circuits in (b) and (c) series resistance and the Wien bridges, res . tively, the actual physical devices in both c cuits may be the same general purpose bric arms and unknown capacitor with losses. 
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RAYTHEON VOLTAGE STABILIZERS 

INSURE ACCURATE 

OPERATION of 

SLECTRICAI EQUIPMENT 

Il 

Di 

Stabilize Varying Input 
Voltage Within 2 Cycles 

to 
Constant Output Voltage 

at ± 1/a of 1% 

Raytheon Voltage Stubilizers, in- 

corporated into electrical equip- 

ment, insure accurate, depend- 

able operation by providing 
stabilized A. C. voltage to ± 1 2 of 

1%. They are available in three 

designs ... uncased, cased and 

endbell ... to meet every instal- 

lation requirement whether it is 

to be built into new equipment 

or products already in use. Entire- 

ly automatic in operation, it is 

ideal for equipment in un- 

attended locations. 

Write for Bulletin DL48 -537. It 

gives the complete story. 

ENDBELL 

MODEL 

INPUT 

". 
A 

A 

LINE IIOLTAOE SI11E' ' 

13040 V 

v' v 

, 

at l i i 
COUNT YIILTAOÉ. 

44r. OSCILLOORAM ND. 010104A 

RATTNEON MF1. CO. 

WALTNAM, MASS. 

r /-/I / I. f f n 
OITPIT CONNECT-. FULL LOAD \.ti ti \, 

.. 

NO LOAD 
FILL WM 

\, 

TIME CONSTANT 
Transient changes in output voltage 
result from variations in line voltage. 
These transients disappear entirely in 
6 cycles. The major effect of the transient 
recovery is practically complete in 2 
cycles. These changes are not evidenced 
on a volt meter of normal characteristics 

and their behavior is usually unimpor- 
tant. Transients resulting from connecting 
or disconnecting the load require some- 
what longer time for recovery. Smaller 
changes in load cause proportionately 
smaller transient disturbances in output 
voltage.This characteristic is shown above. 

in the Raytheon radio program: "MEET YOUR NAVY ", every Saturday night on the Blue Network. Consult your local newspaper \-- 

RAYTHEON 
MANUFACTURING COMPANY 

Electrical Equipment Division 

190 WILLOW STREET, WALTHAM, MASS. 

Devoted to research arid manufacture of complete electronic equipment ; receiving, transmitting and hearing aid tubes: transformers; and voltage stabilizers. 

for time and station. 

The coveted Army -Navy "E", for 
Excellence in the manufacture of 
war equipment and tubes, flies 
over all four Raytheon Plants 
where over 16,000 men and wom- 
en ore producing for VICTORY. 
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A REPORT ON THE 1R11 

WINTER TECHNICAL MEETIN 
Highlights of Papers Vre se nfed B 

Moseley; Gorham, Rouse and Zahl; Crosby; Pierce 

Burrows and D e c i n o; a n d M u r d o c k , 

INSTRUMENT APPROACH AND 
LANDING SYSTEMS 

AREVIEW of the history of aero- 
nautical instrument landing devel- 
opment and an analysis of the prin- 

cipal features and standards of the sys- 
tem which have been adopted, was offered 
by Lieutenant -Colonel F. L. Moseley of 
the Air Technical Service Command. 
Wright Field. 

Colonel Moseley stated that instrument 
landing development work actually began 
in 1928 under the auspices of the Guggen- 
heim fund. 

Fie revealed that three general classes 

by LEWIS WINNER 
Editor 

of systems have been developed . . , com- 
pass guiding station (Hegenberger) ; 

glide path -localizer- marker (Bureau of 
Standards, Bendix, Air Track, Sperry, 
Navy, present AAF systems, Lorenz) ; 
and talk -down methods, involving radio 
location of the aircraft and issuance of 
necessary corrective instructions to the 
pilot by radio communications. 

Recently the air services have been con- 
centrating on localizer -glide path- markers, 
said Colonel Moseley. Here a locali- 
zer (operating on 110 mc) gives runway 

t 
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Figures 1 (left) and 2 
(below) 

Figure 1, fundamental 
radiation pattern of a 
localizer. On- course 
line is defined as a 
condition of -equality 
between two patterns 
modulated at 90 and 
150 cycles respectively. 
Figure 2, loop pat- 
terns. Upper left, a, 
basic circular loop pat- 
tern; right, b, clover- 
leaf pattern; and center 
below, c, final pattern, 
the sum of two pat- 

terns. 

guidance, markers check distance frc 
the runway, and a straight line glide p. 
(operating on 300 mc) controls desce 
to visual contact. 

Describing the localizer, Colonel Mos 
ley said that it divides the area arou 
the field into a right hand (designat 
blue) and a left hand (designated yello i 
portion, providing a sharp course lii 
down the runway between the blue a 
yellow halves of the area. There are s 
radio - frequency channels used to perm 
simultaneous operation of a number 
facilities in congested areas. 

The glide path provides a straight lit 
of descent beginning about 20 miles fro 
the field, said Colonel Moseley. For th 
purpose, three radio -frequency channe 
are provided, suitably paired with the si 
localizer channels through a comino 
channel selector switch in the aircraft. 

Colonel Moseley pointed out that marl 
ers are located at 4% miles, one mil 
and at zero distance from the edge t 
the field. He said that each markt 
comprises a low power 75- megacycle tons 
modulated transmitter emitting a tor, 
and keyed at a rate associated with it 
location. 

A single frequency fixed -tuned receive 
in the plane receives the marker signal. 
This receiver is fitted with an outpt 
relay connected to a marker light o 
the instrument panel. Colonel Mosel: 
said that newer models of the receive 
include an audio output channel providin 
the pilot with an audible indication c 

LOCALIZER PATTERN FROM CARRIER LOOP ONLY- FLATTENED BY PARASITC ACTION OF SIDE 
BAND LOOPS. 

SIDE BAND PATTERN - NO 
POWER TO CARRIER LOOP. 

MAIN GROUP PATTERNS - 
POWER TO CARRIER AND 
SIDE BAND LOOPS. 
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Here is convincing proof that a keying relay 

does not have to be complicated to be efficient. 

In fact, just the reverse ! Actually, the extreme 

reliability with which Struthers -Dunn Type 

78CCA100 Relay holds its adjustments is the di- 

rect result of its new simplified and rigid design 
which utilizes an absolute minimum of parts. 

Originally made for aircraft use, it weighs 

little, is exceptionally sturdy, and has all parts 
readily accessible. Tests show a minimum life 

of five million operations. 
The Relay has seven poles, including one 

double -throw pole which handles high -voltage 
radio frequency currents by means of a vacuum 

switch. All high -voltage parts are rounded to 

reduce corona. 
Write for complete details, or get in touch 

with your nearest Struthers -Dunn Field Engineer. 

STRUTHERS -DUNN, Inc. 
1321 ARCH STREET PHILADELPHIA 7, PA. 

IC 
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his position with respect to the markers 
along the localizer course. 

Discussing the glide -path indicator 
Colonel Moseley said that it has an alarm 
circuit which keeps the needle at full 
scale fly -up position whenever the glide - 
path signal is not being received. This 
feature, he said, prevents the pilot from 
flying with his needle perfectly centered 
on a non -existent and therefore highly 
dangerous path. 

In Figure 1 appears the fundamental 
radiation pattern of the localizer. Ex- 
plaining this pattern, Colonel Moseley said 
that the on- course line is defined by a 
condition of equality between two pat- 
terns modulated at 90 and 150 cycles re- 
spectively. These frequencies are sepa- 
rated by filtering and rectified differen- 
tially to produce a zero center type of 
indication. 

In the localizer system, said the Colonel. 
an unmodulated transmitter feeds through 
a balanced line to an r -f bridge where 
the power is divided and fed to a pair 
of lines which form a part of a mechani- 
cal modulator system. A pair of paddle 
wheels are driven by a synchronous 
motor, he said. These alternately tune 
and detune circuits which are closely 
coupled to the pair of transmission lines 
and thus vary the r -f power transmitted 
by them. One paddle wheel carries three 
blades, the other, five, producing modula- 
tion frequencies of 90 and 150 cycles respectively, on the lines feeding to the output bridge, he explained. Thus each 
modulated line contains carrier and car- rier plus and minus the modulation fre- 
quency. In addition, he said, the output 
bridge is connected so as to cancel out the carrier voltages on the two modulator 
lines, feeding the remaining sidebands 
to the two outer loops of the basic three - 
loop antenna array. 

Analyzing the center loop signal, he 
said that the presence of the two outer 
loops modifies the basically circular loop pattern to the dumbell shape, as shown 
in Figure 2a (the carrier and sideband 
pattern) . 

In Figure 2b, we have a cloverleaf pattern produced by two outer loops, 

Figures 3 (above, 1el0 
and 4 (right) 

Figure 3, localizer 
equipment that can be 
shipped by air. Figure 
4, marker transmitter 

in a jeep. 

radiating sidebands only, being separated 
approximately 165 °. In Figure 2c, we see 
the final pattern, the sum of the two pat- 
terns. Colonel Moseley said that increased 
pattern sharpness is obtained by the use 
of additional pairs of loops spaced out 
at the sides of the array and radiating 
suitably reduced amounts of sideband 
power. 

Recently developed localizer equipment 
designed for transportation by air ap- 
pears in Figure 3. Colonel Moseley said 
that when this equipment is dismantled 
it can be mounted in two trailers of a 
size suitable for shipment in cargo -type 
aircraft. The antenna system in this 
localizer uses balanced V -type dipoles 
backed up by parasitic V reflectors. 
Colonel Moseley said that the overall 
pattern produced by this equipment is 
of the two- course type with the rear 
course suppressed approximately eight db 
below the front course. 

Describing the marker transmitters 
Colonel Moseley said that they are in- 
stalled in a waterproof housing which is, 
mounted on the rear of a jeep, Figure 4. 
Here we have a small gasoline engine 
power supply, and a marker transmitter 
of approximately / watt provided. This 
unit is provided with a control switch 
marked Boundary- Middle -Outer which 
permits the operator to select the modula- 
tion frequency and keying rate associated 
with each of the marker positions, ex- 
plained Colonel Moseley. 

Colonel Moseley pointed out that for 
control and supervision, all units of the 
portable system .are connected together 
and to the control tower through a group 
of low -power f -m receivers. These are 
similar to those used for cars, and can 
be operated off either dry batteries or a 
generator and battery circuit of a car. 
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In the localizer receiver we have, 
six -channel crystal controlled sup 
Heterodyne of approximately two mkt 
volt sensitivity, said Colonel Mosel 
Describing the receiver, he said that 
includes an automatic volume conti 
which holds the output constant to witl 
1 db over an approximate range of 
to 100,000 µv input. He said that t 
output system of this receiver is divid 
into two parts, one of which is a nom 
audio output stage feeding through 
volume control to headphone terminal 
the other output circuit comprises filte 
for separation of the 90- and 150 -cy( 
course modulation frequencies. The fijt 
outputs, he explained, are connected to 
pair of balanced bridge -type copper oxi 
rectifiers (varistors) which form a pa 
of a differential rectifier system. II 
pointed out that when the plane is I 

the localizer course equal amounts 
signal modulated at 90 and 150 cycles a 
received ; the net output from the balano 
rectifier system is zero and the pilot 
indicator reads on course. 

The glide -path receiver has three -cha 
nels and operates directly from the ai plane's 24 -volt system, said Colon 
Moseley. A visual indicator circuit sul stantially identical to that used in ti localizer receiver is provided here. 

Describing the alarm system (Figure 
5), Colonel Moseley said that is possib for a pilot flying the glide path to cent( his plane accurately on the path and the during descent have the glide path trap: mitter go off the air for some accident reason. Such an occurrence would n take the glide path needle off center a thus the pilot would believe that he i following a safe descent path. To avoi this, the alarm system was devised. I this system some d -c is taken from a 24 volt supply and fed through the cro pointer indicator so as to drive the glid path needle to the top of the scale, sai Colonel Moseley. The alarm current i controlled by a sharp cut -off amplifie tube, he explained. And, he said, the con trol voltage for this tube is taken fror 

Figure 5 

The alarm system circuit that alerts the glide path circuit should the transmitter go off the ail 
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The lost minute .... 

Once upon a time in a war plant, there was a man whose diligence was exceeded by none. But, as 

the headlines became more encouraging, he became casual and, at times. negligent. It was during 

one of these interludes that he lost a minute. It had escaped unobtrusively, and was gone forever. 

But the memory of that minute haunted him day and night ... so constantly, in fact, that he 

decided to search for it, to try to reclaim it. And so, in his spare hours, he rode around thc 

world upon á cloud fashioned of thoughts. He tried to trace Time's path through all Op. 

countries on the face of the globe. 

f- 

That was how he happened to be with the Allied assault forces that 

landed at H -Hour, D -Day on one of the South Pacific islands. He saw 

how men fighting desperately for a beachhead make each minute count. 

That was how he happened to be in an American Field Hospital on the 

German front when the momentary action of a surgeon saved the life 

of a GI. 

That was how he happened to be in an English village when a buzz -bomb 

instantly demolished a home. 

That was how he happened to see new men born and old men die -all in 

just one short minute. 

After seeing the grotesque, the wonderful, the prosaic things that happen all over the world 

in one minute -the minute which might have been the one he lost -this man made a resolution. 

He resolved that if one minute could be so important to so many people he would fill each of 

his minutes with sixty seconds, of work -work to help end the war sooner. Never, until peace- 

time. he vowed, would he again indulge in the luxury of wasting time... . 

During this war, all of us have lost essential time . but not all 
of us have been as deeply impressed by our loss. Let us call a 
halt to waste . .. now! Let us stay on the job- geared to an all - 
out war -time schedule. Let us support all home front activities. 
Let us give unselfishly of our time, our energy and our money 
until the world is wrapped in the security of permanent peace. 

tWiGGf,GGIl Ge LQ. tXyl,C. 

152 MACQUESTEN PARKWAY SOUTH MT. VERNON, NEW YORK 

MANUFACTURERS OF SHORT WAVE TELEVISION RADIO SOUND EQUIPMENT 

ANSWER THE 

RED CROSS 

ROLL CALL 

WITH YOUR 

DOLLARS 
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Figure 6 
Assortment of test equipment used to service and maintain instrument landing equipment. 

the avc line. The circuit is so adjusted 
during production that the alarm will 
indicate failure when the receiver input 
drops below approximately 50 µv. 

Several units of test equipment have 
been designed to service and maintain 
the instrument landing equipment. Some 
of these are shown in Figure 6. The test 
equipment includes a battery powered 
buzzer type test set which emits a 90 and 
150 -cycle modulated radio -frequency sig- 
nal for flight line checking of the com- 
plete airborne system. 

Colonel Moseley said that a crystal con- 
trolled portable oscillator also has been 
provided for sensitivity measurement of 
48 COMMUNICATIONS FOR FEBRUARY 

Figure 7 

The push -pull- triode transmitter tube 
described by J. E. 
Gorham of the Signal 
Corps Ground Agency, 

Asbury Park, N. J. 

the installed glide -path receiver to check 
for correctness of alarm indicator setting. 

o 

SELF CONTAINED TRIODE 
TRANSMITTER 

AN 
unusual tube, used as a push -pull 

triode transmitter for 200 to 700 
mc, was described by J. E. Gorham 

of the Signal Corps Ground Signal 
Agency, Asbury Park. Major H. A. Zahl 
and G. F. Rouse of the same agency were 
co- authors of the paper. 

In Figure 7 appears a general view of 
the tube. The two vertical parallel rods 
at the top of the tube form a balanced 
line output circuit which is coupled di- 
rectly to the plate circuit. The points at 
which the rods are attached to the loop 
are points of moderately high r -f imped- 
ance when the tube is oscillating. The 
parallel transmission line thus serves in 
a rough way as a stepdown transformer 
and simultaneously makes the point at 
which the external output is attached, a 
point of reduced r -f voltage and a point 
of reduced impedance. Mr. Gorham said 
that the first property is of considerable 
value in reducing the tendency towards 
r -f corona at the junction point where 
there may be an appreciable discontinuity. 
The second property, he said, is of value 
in designing a matching circuit to connect 
the tube to a 50 -ohm concentric line, 
such as is often used to transmit power 
in this frequency band. 

The uppermost loop is the plate loop, 
and is connected directly to the anodes 
in such a way as to simultaneously reduce 
the problem of connecting the oscillating 
circuit to the plates, and by virtue of the 
fiat surface of the loop, increase the 
effective radiating surface and power dis- 
sipation of the plates. The plate loop, 
made up of two U sections, serves to 
maintain the symmetry of the circuit, and 
of course each of the two U sections in 
effect resonates with half of the interele- 
ment capacities. Thus, explained Mr. 
Gorham, for a given half loop length and 
set of interelement capacities the tube 
may be made to oscillate at a higher fre- 
quency than if only one half loop was 
used. 

The lower loop is the grid loop. Its 
primary purpose is to obtain grid driving 
power from the plate circuit. It has been 
found that relatively little of the power 
dissipated in the grid cages is conducted 
along the grid wires to the external 
loop,' and therefore, it can have less 
radiating surface than the plate loop. 
Mr. Gorham said that in normal opera- 
tion the anodes are run at a 'red heat, 
and the filaments are run at a somewhat 
higher temperature than is usually used. This results in having the grid cages 

1945 

located between two very hot elemer 
They are therefore very sensitive to g 
contamination and subsequent blocki' 

during oscillation. Under such conditic 
when plain tantalum wire is used in t 
cages the tube becomes sufficiently cc 
taminated to be inoperative in about 
hours, declared Mr. Gorham. This d 
ficulty was overcome by the use of Eim 

grid cages, revealed Mr. Gorham. 
Analyzing the oscillator, Mr. Gorha 

said that if the oscillator is used witho 
a shield, about 80% of the power outp 
obtainable with a shield is realized. 
general, he said, the shielding foul . 
most successful consists of a rectangut 
metal box with a central transverse she 
which serves to hold the tube. It is al. 
necessary tq separate the cavity contaitl 
ing the filament line from the cavi» 
containing the tube and output circus 
This latter cavity has been designed 
act as an r -f choke at the end of ti 
concentric line, and thus accomplish 
transition from the balanced output 
the tube to unbalanced concentric tra 
mission line. Mr. Gorham stated that tl . 
filament line cavity serves primarily I contain the radiation, but its shape ah determines the distribution of standin 
waves at the point where the filamer 
pins are sealed through the glass envelop 

Mr. Gorham said that although th optimum output is obtained at a definii frequency determined by the geometry c the elements inside the envelope, the have observed that the filament line ma 
be used to shift the operating frequenc over a bandwidth of 30 megacycles b( tween half power points. Mr. Gorham in dicated that this feature is of considerabl importance in allowing some toleran.. in manufacturing, and in adapting t tube to several different types of r -f car cuits. 

EXALTED- CARRIER A -M AND P -M 
RECEPTION 

11.:THODS of eliminating harmont I distortion due to carrier fading it amplitude- and phase -modulate( reception were offered in a paper by Mur ray G. Crosby, consulting engineer. Mr Crosby said that distortion is eliminate(s by filtering the carrier and recombining r it with the signal at a raised or exalte( level, or by recombining in a type o detector which inherently eliminates till carrier -fading distortion. He pointed ou that this fading is common in medium frequency broadcasting at the regior where the sky wave and ground way( are approximately of equal strength al night, from 50 to 150 miles from th( transmitter. And in h -f transmission 
. where the ionosphere is depended upon 
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for transmission, he said that carrier fad- 
ing is practically always present. 

In an exalted- carrier receiver, we have 
a conventional double -superheterodyne re- 
ceiver. The i -f output of this receiver is 
divided into two branches. One of these 
branches feeds a recombining detector 
fed from the second i -f, while the other 
branch feeds a carrier filter and an afc 
discriminator which seperates the car- 
rier from the side bands. The filtered 
carrier is fed to a carrier limiter which 
maintains the carrier amplitude at a con- 
stant value. Then, explained Mr. Crosby, 
the filtered and limited carrier is recom- 
bined with the unfiltered signal at a phase 
determined by a phase adjuster. The re- 
sulting combined signal is detected by 
detectors and fed to an a -f amplifier. 

The afc discriminator uses the same 
crystal filter for both the carrier filter 
and the frequency discriminator, said Mr. 
Crosby. Thus, he explained, careful 
synchronization isn't necessary, for we 
do not have separate crystal filters or 
other separate afc circuits. 

A form of the carrier filter and afc 
discriminator circuit is shown in Figure 8. 
A crystal filter of the type commonly 
used in communications -type receivers 
serves as the carrier filter, said Mr. 
Crosby. Carrier filter output is also com- 
bined with the unfiltered energy in proper 
phase so as to form a sharp frequency 
discriminator similar to the phase -shift 
type of discriminator used in frequency - 
modulation reception, he explained. The 
crystal X is fed by the mid- tapped prim- 
ary P which also furnishes opposite - 
phase voltage to condenser C. for neu- 
tralizing the electrode capacity of the 
crystal holder. The output of the carrier 
filter, explained Mr. Crosby, appears 
across tuned circuit Z which is normally 
tuned to the crystal frequency. This ont- 
put is tapped at this point to provide 

Figures 8 (left, above) 
and 9 (right) 

Figure 8, carrier filter 
and automatic-fre- 
quency-control discrim- 
inator circuit, described 
by Murray Crosby. 
Figure 9, automatic - 
frequency- control de- 
tector output charac- 

teristics. 
CYCLES ABOVE AND BELOW CRYSTAL 

RESONANCE 

pure carrier for recombination with the signal, he stated. 
How the crystal output combines with the secondary voltages from transformer 

T, is shown in A of Figure 8. Mr. Crosby said that the primary voltage 
Ep, is not shifted in phase by the crystal filter since the crystal is operated at series resonance and Z is tuned to re- sonance. Hence, he said, the phase of E. is the same as that of Ep ; the second- ary voltage of Ea and E8', are shifted to 
90° with respect to the primary voltage, 
by the phase shift inherent in tuned - transformer T. 

Continuing this analysis, Mr. Crosby said : "For the in -tune condition shown in A, the resultant voltages Er and Er' are equal in amplitude at the detector inputs. The voltage rectified by the diodes and appearing on the differentially-con - nected diode resistors R and R' will therefore balance so that the automatic - frequency- control output potential is zero. When the carrier frequency is out of tune with the crystal, the phase of the crystal output is shifted so that vector R is produced. For this condition, the resultant voltages fed to the differential 
detectors are out of balance so that a 

CARRIER INPUT 

UNFILTERED rp 
SIGNAL r - - - - -1 
INPUT I C1 C2 

(A 

D S 

4 

L_ 

cC 

DETECTED 
OUTPUT 

.50 COMMUNICATIONS FOR FEBRUARY 1945 

Figure 10 
Single diode detector 
circuit analyzed by 

Mr. Crosby. 

difference voltage appears across the4 
diode resistors. This voltage is positive 1. 

or negative depending upon the direction 
of the frequency shift. The result is a r' 

frequency discriminator as shown in il 

Figure 9, which has its mid point at the I 

filtered carrier frequency, F °, and has a 
sensitivity in accordance with the selec- 
tivity of the crystal filter." (Figure 9 is 
an actual characteristic taken on an ex- 
perimental exalted- carrier receiver.) 

Mr. Crosby said that the primary object 
to be accomplished by the recombination 
and detection of the filtered carrier and 
unfiltered signal is that of eliminating the 
distortion brought about by overmodula- 
tion that results from carrier fading. 
Feeding the carrier to a single diode 
detector with the amplitude of the car- rier exalted with respect to the unfiltered 
signal, is one method of affecting the result, he said. He pointed out that this reduces the effective percentage of modu- lation fed to the detector so that the car- rier may fade to a greater depth before. overmodulation occurs. In other types of detectors, he said, the distortion products are either balanced out or are not gen- erated. 

In Figure 10, we have a circuit for combining the filtered carrier and un- filtered signal for detection on a single diode. Tube A may function as either a carrier amplifier or limiter, but it will be assumed to be an amplifier for this dis- cussion. 
Mr. Crosby said that for phase modula- tion detection with the single diode, the only change required is a shift in the phase of combination between the un- filtered carrier and the filtered carrier. The phase difference is switched from the zero- degree relation proper for am- plitude- modulation detection to a 90° or 270° phase difference. 
A circuit for balanced diode detection appears in Figure 11. Here diodes C and D have their outputs connected differen- tially so that their outputs cancel if the 
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Covers 

halliErafters Model 5 -36 
EXACTLY five years ago - in 1940 - Hallicrafters introduced a very high 

frequency communications receiver with a range of 27.8 to 143 Mc. This 

model was clearly five years ahead of its time in its anticipation of new and 

exciting possibilities for superior performance on the higher frequencies. 

Today Model S -36 stands by itself as the only commercially built receiver cov- 

ering this range. It is outstanding for sensitivity, stability, high fidelity. With its 

extraordinary VHF versatility it is ready for immediate application in the ever 

widening fields of FM and higher frequency development work. Engineering 

imagination at Hallicrafters is reaching out beyond the next five years, beyond 

the present known limits of radio technique so that Hallicrafters equipment will 

continue to be always ahead of its time, above and beyond your best expectations. 

BUY A WAR BOND TODAY/ 

hiI1în-íiftrs 
THE HALLICRAPTERS COMPANY, MANUFACTURERS OF, :RADIO AND ELECTRONIC EQUIPMENT, CHICAGO i 6, U. S. A. 
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amplitude envelopes on their input waves 
are in phase. Accordingly, said Mr. 
Crosby, if input is present from either the 
carrier channel or the unfiltered -signal 
channel alone, there is no output except 
that due to unbalance. 

Mr. Crosby explained that balanced - 
diode detection has its greatest advan- 
tage in phase -modulation reception ; the 
balanced circuit cancels second harmonic 
distortion that is introduced when the 
carrier fades. Thus, he said a greater 
degree of carrier fading for a given 
degree of carrier exaltation, can be 
tolerated. 

Discussing selectivity, Mr. Crosby said 
that the use of exalted- carrier detection 
produces the equivalent of an increase in 
the selectivity of the receiver. 

The improvement in adjacent -channel 
selectivity for diode detection is equal to 
4X' where X is the degree of carrier 
exaltation, he said. This selectivity im- 
provement however, he explained, is only 
effective on the modulation component 
of the undesired signal. 

With multi -grid detection, the output 
is proportional to the product of the two 
signals on the grids, explained Mr. 
Crosby. 

To obtain a figure of merit describing 
the improvement effected by the carrier 
exaltation, Mr. Crosby made some ob- 
servations wherein the number of faults 
marring program reception were counted 
to determine the relative number of faults 
per minute ; a fault was counted each 
time some sort of fading distortion oc- 
curred which would be classified as un- 
desirable. International broadcast signals 
in the 15, 11, and 9 megacycle bands 
were used. The results appear in the 
table below : 

Unexalted 
faults /mix. 

Unexalted Exalted Exalted Antenna faults /min. faults /mix. faults /ruin. 
A 3.35 1.17 2.86 
B 2.29 0.71 4.2 

A and B 
Diversity 2.2 0.43 5.1 

Mr. Crosby explained that the applica- 

1 

CATHODE MM 

\ OUTPUT LINE 

REPELLER 

RESONATOR 

UNFILTERED 
SIGNAL 

DE TECTED 
OUTPUT 

i 

Figures 11 (right) and 12 (left) Figure 11, balanced diode detector circuit. Figure 12, multi -grid detector system. 

tion of exalted- carrier detection increases 
the receiver output volume variations that 
normally accompany selective fading. He 
said that when the carrier fades the avc 
system, which is actuated by the carrier 
energy, operates to increase the gain of 
the receiver and thereby raises the level 
of the sidebands fed to the detector. This, 
he explained, produces an abnormally high 
percentage of modulation at the detector 
input so that the output volume is higher 
than normal. The usual result is a burst 
of volume in the receiver output. Such 
an effect is present with unexalted-car- 
tier detection, Mr. Crosby pointed out, 
but the volume burst is usually a burst 
consisting of The type of distorted output 
which is produced when the carrier fades. 

He said that volume bursts can be re- 
moved by the application of audio volume - 
limiting techniques used on the program 
level fed to broadcast transmitliers. 

REFLEX OSCILLATORS 
AQUALITATIVE analysis of some 

of the properties of reflex oscil- 
lators was offered by J. 1t. Pierce 

of Bell Telephone Laboratories. 
Mr. Pierce stated that a reflex oscilla- 

tor is a form of a h -f long transit time 
tube which has distinct advantages as a 
low power source. It may be light in 
weight, need have no magnetic focusing 
field, and may be made to operate at 
comparatively low voltages, he explained. 
It may serve as a beating oscillator 
in double -detection receivers or a fre- 
quency- modulated oscillator in low power 
transmitters. While its efficiency is not 
too great, explained Mr. Pierce, this need 
not be a handicap in some applications. 

Figures 13 (left) end 
14 (right) 

Figure 13, a modern 
reflex oscillator. Figure 
14, theoretical curves 
of relative power versus 
frequency and of fre- 
quency versus repeller 

voltage. 
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In Figure 13, we have a reflex oscilla- 
tor. In operation, an electron stream 
from the cathode passes through the 
longitudinal radio -frequency field in the 
gap between two grids, where the stream 
is velocity modulated, then into a retard- 
ing field produced by a repeller electrode 
where the beam becomes bunched. The 
bunched stream returns across the gap, 
exciting the resonant circuit or resonator. 

Mr. Pierce stated that reflex oscillators 
exhibit electronic tuning. That is, the 
frequency of oscillation can be changed 
by a substantial amount, usually several 
tens of megacycles, by varying the voltage 
of the repeller electrode. He explained 
that for moderate loads the total electronic 
tuning frequency range between half 
power and half power is not much af- 
fected by loading ; for very heavy loads it 
is decreased. The rate of change of fre- 
quency with voltage is faster the heavier 
the load. Figure 14 shows some theo- 
retical curves of relative power versus 
frequency and of frequency versus 
repeller voltage. Mr. Pierce said that 
measured' curves are very similar in 
shape. He pointed out, too, that fre- 
quency may also be affected by resonator 
voltage. 

Mr. Pierce stated that since frequency 
of oscillation may be influenced by the 
load coupled to an oscillator, a reactive 
load coupled to the resonant circuit 
changes the resonant frequency of that 
circuit and hence the frequency of oscilla- 
tion. 

In reflex oscillators, we have another 
sort of frequency change with load. The 
frequency versus repeller voltage dia- 
grams of Figure 14 explain this point. To 
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LIGHT LOAD 
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Microscopic enlargement 
approximately 10 power 

MAU, 'a\l`\eroàucX\M\\Ime 
Commonly you think of the microscope 
as a scientific laboratory instrument. 
But at National Union, these days, you 
will find it even more extensively used, 

as a production machine, insuring microscopic 
precision step by step through many processes 
of manufacture. 

With the aid of microscopes, National Union 
workers accurately check almost invisibly small 
parts. They see to it that welds are sound, clear- 
ances are exact and the structure is mechanically 
perfect. In the photograph above for example, a 
N. U. 6AG5 miniature tube mount, no higher 
than your thumb nail is enlarged approximately 
10 times, to permit minute examination of im- 
portant structural factors. Enlargements up to 

N ATIO N 

500 times -making a hair on your head look as 
tall as a tree -are just as readily obtained, when 
needed. Moreover, this tube, assembled from 
31 individual parts, must pass 40 individual in- 
spections, in addition to thorough examination 
under the microscope. 

Here, again, is one of those unusual tech- 
niques developed by National Union engineers 
to make tube manufacture a more exact science. 
Such infinite care makes certain that every elec- 
tronic tube which carries the National Union 
name will deliver a uniformly high level of per- 
formance with long service life. Count on 
National Union. 
NATIONAL UNION RADIO CORPORATION, NEWARK, N. J. 
Factories: Newark and Maplewood, N. J.; Lansdale and Robesonia, Pa. 

u N Io N 
RADIO AND. ELECTRONIC TUBES 
Transmitting, Cathode Ray, Receiving, Special Purpose Tubes Condensers Volume Controls Photo Electric Cells Panel Lamps Flashlight Bulbs 
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illustrate let us imagine that the oscilla- 
tor is operating off circuit resonance by 
means of electronic tuning, stated Mr. 
Pierce. (Such operation is represented by 
a point away from the common intersec- 
tion of the frequency versus repeller volt- 
age curves.) Thus it may be seen, he said, 
that if the repeller voltage is kept con- 
stant and if the circuit conductance is 
changed, that is, the load is changed in 
purely resistive sense, not changing the 
resonant frequency of the resonant cir- 
cuit, the frequency of oscillation will 
change in shifting to a new frequency 
versus repeller voltage curve. 

Mr. Pierce also explained that the 
nature of the load is important as well as 
its impedance at a given frequency. For 
instance, he said, coupling a reflex oscil- 
lator tightly to a high Q resonant circuit 
makes the variation of frequency with 
repeller voltage less rapid and may result 
in other undesirable effects. 

MULTIPLEX SYSTEMS 

T HE requirements of an u -h -f multi - 
plex system and how they were met 
by employing a sufficient amount 

of envelope feedback, were discussed by 
Charles R. Burrows of Bell Telephone 
Labs and Alfred Decino, formerly of the 
Labs. 
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Figure 15 

Schematic of a multiplex transmitter discussed 
by Charles R. Burrows of Bell Telephone 

Laboratories. 

Three types of distortion were analyzed. 
These were : 

(1)- Non -linear distortion resulting from 
deviations of the overall input -out- 
put amplitude characteristic from a 
straight line. 

(2)- Distortion resulting from deviations 
of the gain -frequency characteristic 
from symmetry and the phase -fre- 
quency characteristic from skew - 
symmetry. 

(3)- Generation and detection of para- 
sitic phase modulation. 

The schematic of a transmitter that 
meets these requirements appears in 
Figure 15. R -f drive is obtained from a 
crystal -controlled oscillator and a har- 
monic generator chain. This is applied 
to the grids of a bridge -neutralized push - 
pull modulated power amplifier. There 
are 12- speech channels in the type K 
frequency range from 12 to 60 kc. These, 
said Mr. Burrows, are applied to the in- 
put of the signal frequency amplifier. The 
output of this amplifier is used to plate - 
modulate the bridge- neutralized r -f power 

1945 

A 

amplifier. Part of the modulated outputi 
of this amplifier is picked up, demodula- 
ted, and fed back to the input of thee 
signal frequency amplifier. 

Since the demodulator is in the B cir- 
cuit any distortion produced by it appears, 
in the output of the transmitter. This is 
reduced to a satisfactory value by apply -. 
ing local feedback to the diode demodu- 
lator. 

The matt feedback amplifier based on 
Bode's design, appears in Figure 16. Here 
a fixed gain margin is provided at fre- 
quencies from fi to f3 at which the phase 
is unfavorable and singing would result 
if the gain were greater than unity. A! 
fixed phase margin is provided at fre- 
quencies for which the gain is greater 
than unity and an unfavorable phase. 
would result in singing. In the design ofl 
a commercial transmitter, Mr. Burrows 
pointed out that it is necessary to have these margins to allow for variations in the manufacture of tubes and the circuiti elements. A gain margin of 10 db is provided. This allows the use of tubes whose transconductances are greater than their design value by this amount. No decrease in the transconductance of the! tubes can produce singing. 

A' phase margin of 30° is provided to allow for variations in tube capacities, and the electrical constants of the circuit! elements. It is also desirable to provide more feedback than is necessary to limits 
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E RANGE OF TUBES 

OF WIDE APPLICATION 
THE enviable engineering tradition on which the 
.foundation of the North American Philips Corn - 

pany. Inc., rests, is reflected in the superior quality 
and performance of electronic tubes bearing the 
NORELCO stamp. Contributing to the long life and 
uniform characteristics of these tubes are many ex- 
clusive manufacturing techniques and inspection 
methods developed over a long period. 

Among the types we now manufacture -some of 
which are illustrated -are a number of special -pur- 
pose, cathode -ray and transmitting tubes for high and 
ultra -high frequency applications, r -f and a -f power 
amplifier tubes, and low- and high -power rectifiers. 
Although all the tubes we produce now go to the 
armed forces, we invite inquiries from prospective 
users. A list of the tube types we are especially 
equipped to produce will be sent on request. 

In the North American Philips Company, there is 

gathered together a team of out-tanding electronic 
engineers. coached by a group with world -wide ex- 
perience resulting from fifty years of research and 
development in the electrical field. This new combi- 
nation of technical talent has at its command many 
exclusive processes that insure electronic devices of 

the highest precision and quality. Today, North 
American Philips works for a United Nations Vic- 

tory; tomorrow, its aim will be to serve industry. 

OTHER PRODUCTS: In addition to the electronic tubes 
mentioned above we make Quartz Oscillator Plates; Search - 
ray (X -ray) Apparatus, X -ray Diffraction Apparatus; 
Medical X -ray Equipment, Tubes and Accessories; 
Tungsten and Molybdenum products; Fine Wire; Dia- 
mond dies. 

When in New York, be sure t :, r: our Industrial 
Electronics Showroom. 

otetcpELECTRONIC PRODUCTS by 

NORTH AMERICAN PHILIPS COMPANY, INC. 
Dept. E -2, 100 East 42nd Street, New York 17, N. Y. 

Factories in Dobbs Ferry, N. Y.; Mount Vernon, N. Y. (Motalix Division); Lewiston, Maine (Elmet Division) 
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Figure 16 (above) 
Plot for main feedback multiplex amplifier design, based on Bode's work. Desired design appears on the heavy curve: circles show 

the measured values. 

Figure 19 (below) 
Constant -current characteristics of tube described by Mr. Murdock. Short dashes (operating line) illustrate a 3,000 -volt, 500 watt input, 75% efficiency operating condition. 

Figure 17 (right) 
Overall distortion of 
multiplex transmitter. 
Ordinate shows ratio 
of fundamental to sec- 
ond harmonic distor- 

tion. 

Figure 18 (left) 
The v -h -f tetroae, de- 
scribed by Clayton E. 
Murdock, in a 100 -mc 
750 -watt test amplifier. 
No neutralizing circuit 
was used in this test 

unit. 
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the non -linear distortion to the desir 
value. In this transmitter 10 db of fee 
back were provided in addition to tha 
necessary to meet distortion requirement 
This allowed the aging of the tubes t 
the point where their combined trans' 
conductance was less than the desig 
value by this amount before it was neces 
nary to replace them. The heavy cury 
of Figure 16 gives the desired desigr 
the circles the measured values. 

The overall distortion of the transmitte 
is shown in Figure 17. The ordinat. 
shows the ratio of fundamental to seconl 
harmonic distortion. Curve A is for thl 
transmitter without feedback ; B show: 
the improvement with a high -level lineal 
detector in the feedback network, while C. 

shows the results with local feedback i 
the beta circuit. 

V-H-F TETRODES 

MEDIUM - POWER transmitting 
tetrodes which in a conventional 
push -pull arrangement can deliver 

as much as 750 watts at 120 mc wort 
described by Clayton E. Murdock of the 
Eitel- McCullough Laboratory. 

Mr. Murdock said that the tube, known 
as the Eimac 4 -125A, has a plate -to -grid 
capacitance of 0.03 mmfd, while the input 
and output capacitances 10.5 

mmfd and 3 mmfd, respetively. He said 
that lead inductance has been kept to a 
minimum in the tube through the use of a 
dish type stem and short, heavy leads. 
And to hold the screen grid at ground 
r -f potential, two screen leads have been 
provided, he stated. The seated height 
of the tube is 43/". 

The tube can be operated twithout 
neutralization and with full output at 
frequencies as high as 100 mc, said Mr. 
Murdock. Above this frequency, a slight 
amount of neutralization is required, he . 
said, but full power output may be ob- 
tained up to 120 mc. 

The tube uses a 32 -watt' thoriated 
tungsten filament, and tantalum control 
grid and tantalum screen -grid supported 
by their leads from a dish -type stem. 
The plate, which is also of tantalum, is 
supported by a single lead from the top 
of the envelope. A large shield structure, 
which serves to join the screen grid to its supporting leads, separates the tube 
into two section, explained Mr. Murdock. 

Describing applications, Mr. Murdock 
said that two typical test rf amplifier units were built. One amplifier unit, which served for several relatively low -fre- quency tests at 14 mc was completely contained in a cabinet measuring 15" by 11" by 9 ", he said. This unit, which em ployed two tubes, was capable of handling an input power of 1000 watts at a plate efficiency of 75 %, explained Mr. Mur- i 

(Continued on page 84) 
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WHY WE LIKE TO 

THE production of high - efficiency electrical and 

electronic equipment demands close control over the 

manufacture of most of the parts which go into it. 

To be certain of accurate control over component 
parts, Connecticut Telephone and Electric Division 
manufactures an unusually high percentage of them 

in its own plant. For instance, we produce our own 
magnets, wind our own coils. Stampings and screw 

MAGNETS have a great deal to do with the 
efficiency of many types of electrical apparatus. 
Specially developed alloys treated in our own 
electric furnaces permit close control over the 
performance of C. T. & E. products. 

"ROLL OUR OWN" 

machine products are turned out to our own stand- 
ards, in our own shops. 

These facilities for complete fabrication of the 
more essential elements of a piece of electrical or 

electronic equipment are as important to our cus- 

tomers as to us -they result in a better product at 

a "better" price ... also assurance of our ability to 

keep delivery promises. 

All 

CONNECTICUT TELEPHONE & ELECTRIC DIVISION 
GREAT AMERICAN INDUSTRIES, INC. MERIDEN, CONN. 

TELEPHONIC SYSTEMS SIGNALLING EQUIPMENT ELECTRONIC DEVICES ELECTRICAL EQUIPMENT 
HOSPITAL AND SCHOOL COMMUNICATIONS AND SIGNALLING SYSTEMS IGNITION SYSTEMS 
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T HE choice of frequencies, band - 
width requirements, and type of 
modulation for relay systems are 

determined to a large extent by the 
type of service to be transmitted as 
well as equipment available at the 
present state of the art. It is obvious 
that if any great amount of relaying is 
to be done frequencies in the microwave 
region are required. In this region 
there are a relatively large number of 
megacycles available and reasonably 
sized directive antennas can be built 
to restrict the radiated energy to a 
narrow beam. 

The service which requires the 
largest bandwidth seems to be a high 
definition or color television system. 
One such proposed system needs 9.75 
mc video modulation. If a relay chan- 
nel is to be built to accommodate such 
a system, then it is desirable to use 
the same band to transmit a multiplex 
system of other services which in 
themselves do not require such band- 
width. This is an ultimate goal and 
experimental equipment would start 
with the 4.5 mc required by a stand- 
ard television signal or an equivalent 
amount of multiplexed service. These 

Figure 1 
A typical 3- channel, two -way television relay- station 

system. 

services would include f -m broadcast 
channels, business machine channels, 
facsimile channels, or voice communi- 
cations. 

To start such a system in the im- 
mediate future, the carrier frequencies 
employed will undoubtedly be limited 
by available tubes, all of which are 
classified. We are proposing to ex- 
periment with such a system in the 
2000 -mc region with equipment which 
will deliver approximately 10 watts 
into an antenna system with a 6° 
beam. Undoubtedly higher frequen- 
cies will eventually supplant this link. 
At present it is not possible to pro- 
duce any appreciable amount of power 
which can be modulated at higher fre- 
quencies although tubes to do this are 
in the research stage. 

The determination of modulation to 
be employed is based on the required 
signal -to -noise ratio and the limitation 
of vacuum tube available. There ap- 
pear to be fundamental difficulties as- 
sociated with amplitude modulation at 
frequencies where transit time in the 
tube is appreciable. The phase modu- 
lation produced in the modulated stage, 
either by plate or grid modulation, 
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by N. B. FANCHER 

Engineering Section 

Transmitter Division 

General Electric 

[*From testimony presented at the FCC 
allocation hearings.] 

gives an intolerable amount of fre- 
quency modulation in the output, even 
though the carrier be crystal con- 
trolled. Frequency modulation at low 
level is fairly straight forward and.' 
amplifiers are available to give reason- 
able power in the 2000 -mc region. F -m 
is also better with respect to immun- 
ity from interference and gives a bet- 
ter signal -to -noise ratio. If is also a 
more efficient way to multiplex. 

With f -m, and modulating frequen- 
cies up to 10 mc, the required channel 
widths can be determined. If a swing 
ratio of 2 to 2/ is employed, the total 
band is 40 to 50 mc. Frequency stabil- 
ity in the order of ±.05% (± 1 mc at 
2000) does not add materially to the 
bandwidth requirements. So for a 

block of frequencies to give a single 
2 -way channel, 60 -mc spacing prob- 
ably gives sufficient guard bands. The 
rejection of the adjacent channel in- 
terference is obtained both by receiver 
i -f selectivity and limiter action. 

To produce a relay system we plan 
to use 2- channel assignments for a 
single 2 -way circuit. The frequencies 
will be staggered (Figure 1), so tha 
a single frequency would be used al 
a given relay point to receive both 
from the North and from the South' 
A single different frequency is user 
for the North and South transmitters 
at the same location. This means tha 
the front -to -back ratios of the anten 
nas will have to he good enough tc 
keep the North -bound signal out of 
the South -bound receiver at any rela} 
point. This is a less stringent re 
quirement than if the signal were fec 
through on the same frequency, bui 
does not require any more space in th 
spectrum. 

Highly directive antennas with 
beams in the order of 6° are planned 
These will employ either parabolas o1 

horns to obtain the required directiv 
ity. At 30 miles, which is the averag 

(Continued on page 69) 
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444447A. 
No washing machines? 
Other people's green pastures don't intrigue us. 
We're going to stay on our side of the fence. 

Electronics is our business. They say we're good 
at it. They? Airlines, the armed forces, railroads, 
manufacturers. 

Production -wise, Aireon has established some 
enviable records for quality, speed, cost. Aireon 
engineers have made some notable contributions 
to the advancement of the art and science of 
electronics. 

Our post -war plans primarily embrace the creation 
of new electronic communication and control sys- 

tems for industry and transportation, and the pro- 
duction of precision components for manufacturers 
of electronic equipment. 

Your engineers and ours should get together. We 

can translate their conversation into what you want. 

MANUFACTURING CORPORATION 
Formerly AIRCRAFT ACCESSORIES CORPORATION 

Radio and Electronics Engineered Power Control* 

11W Y O R K C H I C A G O - K A N S A S C I T Y a U R t A!1 [ 
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Figure 1 

E32 family of transitron 
characteristics for a 
58 tube. Method used 
to secure this plot: 
Ir is held at 1.0 am- 
pere; ET is held at 22 
volts; and Eat is held 
at stated value. Then 
E2 is varied. The 
values of E2, I2, Ip 
and Ixz are then rec- 
orded. The dashed 
lines reading from left 
to right represent (a), 

(b), (e) and (d). 

This paper is based on work carried 
on by the author at Lehigh University 

SUPPLY VOLTAGE EFFECT 0 

TRANSITBON PERFORMANC 
by CLEDO BRUNETTI 

Chief, Production Engineering Section, National Bureau of Standards, 
Washington, D. C. 

Formerly Assistant Professor of Electrical Engineering, 
Lehigh University 

IN the June, 1944 issue of CoM- 
MUNICATIONS,1 a series of families 
of quirent-voltage characteristics 

were presented for several of the more 
common types of tubes used as transi - 
trons. The manner in which the per- 
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formance of a transitron oscillator' 
under specified conditions may be de- 
termined by an inspection of the char- 
acteristics, was also described. The 
essential factor to be observed is that 
in order for oscillations to occur, the 

1945 

resonant impedance of the tune 
circuit, L /RC, must equal or excee 
the reciprocal of the slope of the char 
acteristic at the operating point *. Onc 
oscillation sets in, the amplitude it 
creases until the average negativ 

1Cledo Irunetti, Characteristics of the Trans Iron Oscillator, COMMUNICATIONS; June, 194 2Cledo Brunetti, The Transitron Oscillate Proc. IRE, Vol. 27, pp. 88 -90; February, 193 
I_ and R are the inductance and resistank of the coil in henries and ohms, respective) 

C is the capacitance in farads of the co' denser in parallel with the coil. R is assume small compared with L /RC. 

CIRCUIT ANALYSe 
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RADIO EQUIPMENT ON PANAGRA'S PASSENGER PLANES 

WILL BE 
ALL BENDIX 

With the installation of Bendix Radio Type MN -31 Dual Automatic Radio Corn- 
passes and RA -2C Receivers, all of PANAGRA'S scheduled planes for passenger 
service will be 100% Bendix Radio equipped. 
Bendix Radio Type TA -2J Transmitters have already flown many millions of miles 
over PANAGRA'S Route between Balboa in the Canal Zone and Buenos Aires, 
Argentina. , 

Thus Bendix joins with PANAGRA in building ever closer and friendlier 
relations with the republics of the Americas; and in contributing to the safety, 
comfort, and dependability of air transportation in South America. 

MN -37 
Automatic Compass Bearing Indicator 

MN -26 
Automatic Compass Receiver 

MN -28 
Automatic Compass Remote Control RA -2- Receiver 

BENDIX IS A TRADE -MARK OF THE BENDIX AVIATION CORPORATION 

endix RADIO DIVISION 
BENDIX AVIATION CORPORATION, BALTIMORE 4, MARYLAND 

S T A N D A R D F O R , T H E A V I A T I O N I N D U S T R Y 
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resistance presented by the transitron 
equals the resonant tuned circuit im- 
pedance. If the latter exceeds the 
reciprocal of the slope at the operat- 
ing point by a sufficient margin, the 
oscillations may swing over the bends 
of the characteristic. The influence of 
the bends is such as to apply a dynamic 
braking action to the amplitude thus 
preventing it from increasing inde- 
finitely. The sharper the bends, the 
greater the control of amplitudes. On 
the other hand, in general, the longer 
the negative sloped portion of the 
characteristic, the greater the ampli- 

Figures 2 (left) and 
3 (right) 

Figure 2, the Ep fam- 
ily of transitron char- 
acteristics for a 58 
tube. To secure these 
values, It is held at 
1.0 ampere; Ei is held 
at zero; Eye is held at 
110 volts; and En is 
held at stated value. 
E2 is varied, and E2 
and 12 are recorded. 
Figure 3, the Ei family 
of characteristics for 
a 58. To secure this 
plot, Ei is held at 
stated value; Ex: is 
held at -110 volts; Ir 
is held at 1.0 ampere; 
and Ep is held to 20 
volts. E2 is varied, 
and E2 and 12 are 

recorded. 

tude of oscillation. 
In order to understand more fully 

the mechanism of operation of the 
transitron, it is of value to present an 
additional set of characteristics show- 
ing how the d -c supply voltages control 
the performance. These characteristics 
are contained in Figures 1, 2, and 3, 
which were obtained with the aid of 
the circuit of Figure 4. In Figure 1, 
three families of characteristics are 
plotted, plate current, Ii,, anode current 
I2, and transfer current I32. It will be 
seen that as the blocking voltage E22 is 
increased, the anode -current negative- 
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Figure 4 
Circuit used to obtain 
transitron character- 

istics. 
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resistance characteristics increase in 
magnitude. In these curves the plate 
voltage is held fixed. In oscillator 
practice, where a condenser is used in 
place of Ems. to couple grid 2 back to 
grid 3, the anode voltage, E2, is set at 
the value corresponding to the center 
of the negative sloped portion of the 
characteristic selected. The same 
curves apply as shown in Figures 1, 

2, and 3. In oscillator design, there- 
fore, increasing E2 will allow larger 
amplitude of oscillation and, because 
of the steeper slope at the operating 
point, ** will allow oscillations to per- 
sist over a wider range of values of 
L/RC. This means that if the fre- 
quency is varied by means of the con- 
denser C, oscillations will be sustained 
over a wider range of frequencies. 

An interesting feature of this cir- 
cuit. revealed by Figure 1, is that no 
current flows to the plate until the 
anode voltage reaches a value corre- 
sponding to the upper bend of the 
negative -resistance (or I2) charac- 
teristic ; also for small values of anode 
voltage no current flows in the transfer 
circuit (I.) until the lower bend of the 
characteristic is reached. For larger 
values of E2 some transfer current be- 
gins to flow before the lower bend in 
I2 is reached. This has the effect of 
rounding out the lower bend and is 
generally not of importance except in 
cases where the transitron is used as a 
trigger circuit'. 

In Figure 2 the effect of varying the 
plate voltage is shown. For low values 
of plate voltage, the negative slope at 
the center of the characteristic de- 
creases and with it the length of the 

**The center of the negative sloped portion of the characteristic. 
'O. S. Puckle, Time Bases, John Wiley á Sons; 1943. 
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TRAVELING WITH YOU ON THE STRAIGHT ROAD OF POST-WAR PLANNING 

The period after the war may well become known as the "Electronic Era ". 
In the development of the many ingenious post -war products, there will be 
a need for specialized engineering of precise and intricate high frequency 
components. This is our field. Our organization, with years of experience 
designing and making such products is at present devoting its manufacturing 
facilities 100% to war work. These unusual facilities will soon be avai:able 
for the peacetime needs of our industry, and 
our engineering "know -how" is at your service 
now to help you with your post -war planning. 

1. 

, i i i . 
a ::i 

! I it 

"IF i l) 

DIVISION -BLACK INDUSTRIES 
1400 EAST 222ND STREET CLEVELAND 17, OHIO 
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negative sloped portion. In practice 
this means the oscillator will have a 
more limited range of frequencies and 
lower amplitude of oscillation, respec- 
tively, assuming condenser tuning is 
employed. It is also seen that for the 
conditions stated, no practical advant- 
age is gained in increasing the plate 
voltage beyond 35 or 40 volts. Up to 
this point, however, an increase in plate 
voltage will be followed by an increase 
in amplitude of oscillation and because 
of the steeper slope at the center of the 
characteristic, a wider operating range 
of L/RC will be made effective. If 
the voltage on the plate is reduced to 
zero, the negative resistance charac- 
teristic disappears completely and the 
oscillator ceases to function. The 
variation of amplitude with plate volt- 
age suggests the possibility of plate - 
modulating the transitron oscillator. 
This method has been used with some 
success, limited only by the fact that 
the impedance presented by the plate 
circuit to the source of modulating 
voltage is not linear. 

Figure 3 shows how the charac- 
teristic may be controlled by varying 
the bias on grid 1. As this quantity is 
made more negative, the slope de- 
creases until gradually the sharp nega- 
tive resistance characteristic is lost. 
This property is made use of to con- 
trol automatically the amplitude of os- 

Figure 5 (Kohler data) 

Transitron static char. 
ecteristics for 6J7, 
12SJ7, 6SK7 and 
6SK7GT. *EC a-2 equals - loo volts d -c; Eci 
equals 0, and Eb equals 
22 volts d -c. ('Grid 
3 is biased - 100 volts 
with respect to grid 2 
for all points on curve.) 
(B), (B) and (C) 
tests were made on 
August 8, 5, and 10, 
1944, respectively. (D) 
test was made in 
September, 1942, while 
(B) test was made in 

March, 1941. 

ciliation' as follows : 
A portion of the output voltage is 

rectified by means of a simple diode 
circuit and fed back in negative po- 
larity to grid 1. The d -c voltage on 
grid 1 is then proportional to the 
amplitude of the oscillation voltages. 
If (following a change in L /RC as the 
oscillator frequency is varied, e.g., by 
changing L or C) the amplitude tends 
to change, the negative bias on grid 1 
will also change. The latter produces 
the required change in average nega- 
tive resistance to meet the change in 
L /RC and the necessity for swinging 
up past the bends of the characteristic 
is removed. By proper adjustment the 
amplitude may be restricted to oscilla- 
tion over the linear negative portion of 
the characteristic and maintained fairly 
constant. In this case very good wave- 
form will also be maintained and in 
addition, good frequency stability with 
respect to variation in d -c supply 
voltages. 

The possibility of modulating the 
amplitude of the transitron oscillator 
by means of a voltage inserted in the 

4I. Iinuma, A Method of Measuring the 
Radio- Frequency Resistance of an Oscillatory 
Circuit, Proc. IRE, Vol. 18, pp. 537 -543; March 
1930; also Resonant Impedance and Effective 
Series Resistance of High Frequency Parallel 
Resonant Circuits, Proc. IRE, Vol 19, pp. 
467 -478; March 1931. 

5Cledo Brunetti, The Classification of Aver - 
age Negative Resistance with Extensions of its Use, Proc. IRE, Vol. 25, No. 12, pp. 1595.1616; 
December 1937. 
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circuit of grid 1 is also apparent and 
has been employed in various applica- 
tions. However, unless care is ex- 
ercised in selecting and maintaining 
the operating point at a linear part of 
the characteristic, poor frequency sta- 
bility may result. 

The practice of varying the nega- 
tive slope of the characteristic by 
means of the bias on grid 1 has been 
employed by experimenters' in measur- 
ing the effective resistance of coils. 
One of the simpler methods is as fol- 
lows : A coil of known inductance L 
and unknown resistance R is connected 
in parallel with a standard condenser 
C of a known value and the combina- 
tion substituted in place of the meter, 
I2, in Figure 4. The voltages E2, E 
and Eat are chosen so as to place the 
operating point approximately at the 
center of the negative sloped portion 
of the characteristic. The negative 
bias on grid 1 is now reduced until 
oscillations set in. At this stage L/RC 
is equal to the negative reciprocal of 
the slope at the operating point. The 
latter is obtained either from the static 
characteristic such as shown in Figure 
3 or measured dynamically'. From this 
identity, the value of R is computed. 

R -F Pentodes as Transltron 
Oscillators 

by E. KOHLER 
Commercial Engineering 

Ken -Rad Division 
Electronics Dep't., General Electric 

PUBLICATION of Cledo Brunetti's 
fine paper entitled Characteristics of 
the Transitron Oscillator in Commu- 

NIcArIoNs, June 1944, brings to mind 
certain facts which may not be generally 
known. We feel it is in order to point 
out that the tube parameters which yield 
the negative resistance characteristic em- 
ployed in the transitron oscillator are not 
standardized. It is impractical to consider 
that this characteristic can now be stand- 
ardized for existing types at this stage of 
tube production history. If a transitron 
oscillator tube with rated characteristics 
is needed we shall have to select one 
suitable type and standardize the nega- 
tive resistance characteristic under a new 
type number. 

One example came to our attention 
wherein a new production lot of one manufacturer's type 6SJ7 failed 100% to oscillate in a transitron circuit. They 
were good type 6SJ7 tubes, but a minor 111 change in the suppressor grid design h which was expedient to tube production ii 
and which in no way affected the rated ,i characteristics of the tubes made them 9. unsuitable in that equipment. When this 1: possibility is extended to all tube manu- n facturers none of whom control the nega- A tive resistance characteristic the problem 0 of interchangeability could become cha- d 
otic.. 

To illustrate this probability all avail- s able production dates and makes of types i 6SJ7 and 6SK7 to be found in our lab- sl oratory were investigated for transitron 1 (Continued on page 78) 
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ANOTHER HARWOOD 
FEATURE... 
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10 spanner 
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Safety wire Rounded or tugs, d e 9 
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dri\\:^9 f wire. 

.- W:t\out crimping Wire 
tugs Preve^ ^o 

d;,ca\1y. 

Reteose of wire dpresents out. 
pu\\s cleo^; ^O 

Safety wiring always a problem -in assembly, field service, 

and maintenance. Harwood's specially designed coupling nut 

for AN Type Electrical Connectors overcomes this. Simply loop 

the wire as shown in any one of six positions after installation. 

Safety wire will not chafe, cut, or break, due to all surfaces 

being smooth and rounded. It is a decided advantage in 

assembly, too. Write for details today. 

THE H WOOD CO. 
Division of lo 

540 NORTH LA 

s orporation 

GELES 36, CALIF. 

Ebster 

AN STANDARDS FROM 1OS TO 44' IN 

QUANTITY DELIVERIES ON SCHEDULE 
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Left, galvanometers used in low frequency demonstration oscillator. Galvanometer at left is in the condenser branch, while one at right is in inductance 
section of tuned circuit. Wire linking meters is common point between capacitive and inductive branches of tuned circuit. Right, layout of oscillator. Large condensers in background comprise the "variable condenser," and the large power transformer is used as the inductance. 

3 CYCLES -PER -SECOND 
DURING our ESMZWT courses, 

it was necessary to study the 
behavior of the various ele 

ments of a low- frequency vacuum -tube 
oscillator under dynamic conditions. 

We selected a standard Hartley os- 
cillator with one modification to ac- 
commodate a low frequency of 3 cps. 
The positive side of the power sup- 
ply was connected directly to the plate 
of the tube so that no high voltage 
appeared on the inductance, eliminat- 
ing the usual grid blocking condenser. 
Obviously, to pass any appreciable 
quantity of energy at three- cycles -per 
second a substantial capacitance would 
be necessary. Whatever capacitance 
is available is needed for the tuned 
circuit and is not to be obscured as 
coupling capacitance. 

The first demonstration was made 
with a galvanometer connected to the 
low voltage winding of the trans- 
former used for the inductance. When 
current flows into the circuit the gal- 
vanometer needle first flutters, and, 
then as the oscillation builds up the 

by GEORGE J. NELSON 
Department of Physics 

Southern Junior College 
Collegedale, Tenn. 

swinging of the needle increases to 
maximum. We thus noted that alter- 
nating current was present. The 
needle will swing to one side and 
then to the other. The frequency is 
determined by counting the swings of 
the needle for a period of time meas- 
ured by a stop- watch. By connecting 
and disconnecting condensers the fre- 
quency can be changed. 

A lamp, in series with the plate, also 
aids in the study. For in action it 
blinks on and off. This indicates that 
the oscillator draws current over part 
of the cycle and rests the other part. 
This point is referred to when the 
class C amplifiers are studied. A 

Figures 1 (left) and 2 (right) 
Figure 1, circuit used to check a -c and fre- 
quency. Figure 2, circuit to study effect of 

resistance on circuit. 
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small lamp in series with the con 
denser bank carries the circulatin 
current between the condensers an 
the inductance and blinks at a rat 
twice that of the larger lamp in th 
plate circuit. This smaller lamp light 
up regardless of the direction of th 
current and therefore indicates th 
charge and discharge of the condenser 

By disconnecting one condenser a 
a time the frequency increases. Th 
galvanometer will indicate frequencie 
up to about ten -per- second but with 
diminishing deflection. We are thus 
able to note directly the effect of tun- 
ing with a variable condenser. In ad- 
dition, we can study the effect of using; 
less inductance. To do this we only 
have to move the connections to the 
lower voltage taps on the transformer. 

With the small lamp in series with 
the condensers, we observed that it 
flashed brightly whenever the ratio of 
capacitance to inductance became 
large, indicating that with larger ca- 
pacitance a larger circulating current 

(Continued on page 103) 
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from this point on, it's craftsmanship 

one important respect there is a 

Biking similarity between the mil- 

k's of Bliley crystals which we now 

toduce and the mere handful of 

'gkstom made units that constituted 
ur annual production when radio 

:us still young. 

It those early days of radio, when 

itch quartz crystal was painstak- 
3.gly cut and ground by hand, a 

Tadition was born. It was a tradi- 
aon of craftsmanship that has grown 

faith the years -a tradition that 
11iley engineers have successfully 

Ir!anslated into the more intricate 
lachniques of volume production. 

Do more than before... 

buy extra War Bonds 

Etched crystals are an outstanding 
discovery and development of Bliley 

research engineers. This technique, by 

means of which crystals are finished 

to frequency by acid action rather than 

abrasive action, was an established 

part of Bliley production long before 

Pearl Harbor. It has since proven to 

be an essential element in the manu- 

facture of crystals that have the depend- 

able characteristics necessary for mili- 

tary communication in global warfare. 

We have been called upon to solve 

some knotty problems. But that is 

nothing new at Bliley. It has been our 

habit to parallel new developments 
in radio with the right crystal for 

each application. 

Things will be different soon. Peace- 

time projects will again come first. 

But our engineers and craftsmen will 

be ready, as always, with the right 
answer to your requirements. Don't 
fail to include Bliley crystals in the 
component specifications for your 
peacetime equipment. 

A new star has been added 

ILILEY ELECTRIC COMPANY UNION STATION BUILDING ERIE, PENN. 
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WAR CORRESPONDENT'S RECORDER 

(Continued from page 35) 

has a diaphragm- operated piezoelec- 
tric movement and is mounted on a 
clip which can be attached to any con- 
venient point of support. The sensi- 
tivity of this microphone is sufficient 
for the recording of speech at dis- 
tances up to about two yards, thus 
allowing the commentator a certain 
freedom of movement. The other mic- 
rophone has a special ribbon -velocity 
element designed to avoid pickup of 
external noise. Noise elimination is 
provided by taking advantage of the 
change in frequency response with 
distance, a characteristic of this type 
of microphone. Held close to the com- 
mentator's mouth, it enables clear 
speech to be recorded in the presence 
of deafening noise such as is encoun- 
tered, for example, inside an aircraft. 

Low- consumption pentodes are used 
in the first two stages and a small 
quiescent push -pull pentode is used in 
the third stage. The whole unit con- 
sumes ónly 0.3 ampere at 3 volts and 
from S to 12 milliamperes at 100 volts. 

Power is derived from dry batteries 
which are housed in a light metal 
cassette, fitted with a plug and socket 
connection. Each set of batteries lasts 
long enough for the recording of some 
40 discs, after which the casette is 
readily replaced by another and re- 
turned to base for refitting. 

Since the commentator cannot be 
expected to operate a gain control 
while he is speaking, an automatic reg- 
ulating circuit is provided. With this 
method speech is neither lost in the 
surface noise, nor distorted by over- 
loading of the amplifier or disc. To 
this end, a portion of the output from 
the last stage is rectified and smoothed 
to produce negative bias for the sup- 
pressor grids of the first two stages. 
The reduction in amplifier gain for 
loud signals then keeps the recorded 
level within reasonable limits. As soon 
as an intense signal ceases, however, 
the rectified bias voltage is removed 
by the discharging of the smoothing 
condenser through a leak. Thus the 

full gain of the amplifier is restor. 
leaving the equipment ready to di 

with any weaker signals that may f 
low. It would be possible in this w 

to control automatically the full e 

namic range of the recorded sound 
that, for example, the voice of t 
commentator standing at 4' from t 
microphone would be recórded 
nearly the same level as it would c 

if he were to hold the instrument 
4" from his mouth. If this were dore' 
however, the full gain necessary 
the recording of distant speech wo 
be present during every pause, so t 
all kinds of unimportant noises wo 
appear highly magnified, between s Pr 

tences, perhaps even between word h' 

This surging up and down of ti 
background noises is quite unpleasaii t\ 

and may actually mar the intelligibi 
ity of the speech. Therefore it w la 

necessary to control this volut e 

range. An attenuator was adopted fc i 
ll 

this purpose. This consists, for th 
piezoelectric microphone, shown in th 
circuit diagram, of a condenser -resin 
tance shunt of such value as to reduc 
the voltage across the terminals to on 
tenth (by 20 db). This shunt i 

switched into circuit whenever th 
microphone is to be used at close guar 
ters. Thus it is possible to keep within 

ot 

co 

di 
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Variable Attenuators Mixers 
Potentiometers Tap Switches 
Meter Shunts and Other Pre- 
cision Resistance Devices 

Engineering and Production of 
These Components Our Specialty 

NEW 
INDEXING 
MECHANISM 

FIRST TO USE 
LAPPED CONTACTS 
t BRUSHES 

TOTAL 
IMPREGNATION 

GROUND 
SHAFT 1- REAMED 
FULL LENGTH 

BEARING 

S MAJOR POINTS 
WIN FOR VARIATEN 

STAMPED 
STEEL MTG. 

PLATE 
IN THE VARIABLE ATTENUATOR FIELD 
Points Nos. 3 and 5: Lasting, smooth, and quiet operation are insured by ground shaft and full length reamed bearing rigidly fastened to stamped steel mounting plate. 

CINEMA ENGINEERING CO. 
1508 W. VERDUGO AVE. BURBANK, CALIF. 

ESTABLISHED 1935 

68 COMMUNICATIONS FOR FEBRUARY 1945 

"THE LAST WORD" 
in LOW LOSS INSULATION 

MYCALEX 
1 MYCALEX 400 3 MOLDED MYCALEX highly perfected. an- . available to specifications proved by U. 5. Army and in Irregular shapes and Into Navy as L -4 insulation. which metal Inserts may be incorporated. 
2 MYCALEX K 

an advanced capacitor 
dielectric with a dielectric 
constant of IO to 15. 

Write us about your 
high frequency 

insulating problems. 

MYCALEX CORPORATION OF AMERICA 
Oztmers of 'MYCALEX' Patents" 

Plant and General 
Offices 

CLIFTON, N. J. 

Executive Offices 
30 ROCKEFELLER CENTER 

NEW YORK 20. N. Y. 

CRYSTALS FOR 
THE CRITICAL 
For years, The James Knights Com- pany has specialized in quantity pro- duction of an exceptionally wide variety of Quartz Crystals. James Knights patents on precision cuts and improved mechanical processes are in general use throughout the crystal industry. We make samples nearly every day for some new customer so that he can design his equipment to fit a crystal that is now a standard of comparison. Why not let us help you? 

The JAMES KNIGHTS Co. 
SANDWICH, ILLINOIS 
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i :olerable limits the range of volume 
and any background noises. 

. A small neon lamp connected across 
I:he amplifier output flickers when the 
revel on the disc is sufficient for good 
-ecording. 

The movement of the lightweight 
:utter head is, as previously men - 
:ioned, a converted piezoelectric phon- 
'graph pick -up, fitted with a sapphire - 
tipped stylus and with the tone arm 
modified to allow for the application 
Pf the pressure necessary to obtain the 
correct depth of cut on the cellulose 
disc. The effect upon the frequency 
response of the amplifier of the ca- 
pacitive load presented by the cutter 
head to the output tube, is compen- 
sated by appropriate corrections be- 

tween the first and second stages. 
We are indebted to the research 

laboratories of the BBC, where this 
equipment was developed, for data and 
illustrations used in this paper. 

TELEVISION 
(Continued from page 58) 

distance between relay points, the an- 
' tenna beam diameter is slightly over 3 

miles so that duplication of the same 
frequency along parallel routes would 
have to be carefully considered in the 
individual cases to avoid interference. 
At the intermediate points, locations 
might be found with sufficient separa- 
tion, but at terminal locations, such as 
New York City or Washington this 
would probably not be possible. Thus 
the same frequency could be used only 
once in a given direction. The actual 
operation of a relay system with re- 
gard to interference from other relay 
circuits on the same frequency re- 
quires field tests. The theoretical gain 
and front -to -back ratio of antennas 
can be measured in the laboratory, but 
an actual system is needed to tell 
whether local reflections or anomalous 
propagation will be appreciable. 

To be commercially feasible, relay 
points, many of which will be located 
in relatively inaccessible places, must 
be designed for unattended operation. 
They should include suitable means 
for turning them off and on and re- 
moving them from the air in case of 
improper operation, such as deviation 
from frequency or antenna di- 
rectivity requirements. To insure 
continuity of service, tubes with a 
long and predictable life will be re- 
quired as well as standby units which 
can be remotely switched into the cir- 
cuit. 

Today we look upon a moving, 

active, thinking world. Things are happening -fast. Science has rushed 

ahead fifty years. Dreams are becoming realities. Truly we are coming closer 

to the stars. The Astatic Corporation is a factor in this moving, living plan, 

and from Astatic research laboratories come new and improved products for 

a new era. Not the least important of these is a zephyr -light pickup for phono- 

graph equipment, which will reproduce the living voices and the instrumental 

artistry of the entertainment world with a clarity, beauty and true -to -life 

realism heretofore unknown. As FM will contribute to the improvement of 

radio reception, so will Astatic sound detection and pickup products advance 

the fidelity of phonographic recordings to bring the great American audience 

closer to the stars. 

"You'll HEAR MORE from Astatic" 
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EXTERNAL ANODE TRIODES 
CHARACTERISTICS AND APPLICATIONS 

BE(_AUSE the life expectancy varies 
so greatly with small voltage fluctu- 
ations, it is also important to main- 

tain a constant supply voltage. If the fila- 
ment is operated from a d -c source of sup- 
ply, the usual procedure of regular filament 
polarity reversal should be rigorously fol- 
lowed, to assure even evaporation of the 
filament. As the filament evaporates, the diameter becomes less and the resistance 
greater. If the evaporation is uneven, as it always becomes before final failure, a hot spot develops which hastens the melting 
of the filament in that spot. Even before 
actual failure, uneven evaporation makes 
the filament mechanically weaker and therefore more susceptible to damage 
from mechanical shock. 

Besides mechanical shock, often an im- portant factor in shortening the life of a 
tube, there are two other important 
sources of stress to be considered in tub( 
design and operation. These are electro- 
static and electromagnetic stresses. Elec- 
trostatic forces are important when thr 
interelement potential difference is in the 
order of 20 kv or greater. This condi- 
tion is reached only in high -voltage, high - 
vacuum rectifiers because the grid fila- 
ment voltage in the external -anode triode 
seldom becomes greater than a few 
thousand volts. 

Electromagnetic forces are much more 
important, however. An analysis of the 
forces on the filament strands when car- 
rying high current' shows that the deflec- 
tion of strand is proportional to the one - 
fourth power of its length and is de- 
pendent on the phase of the currents in 
adjacent strands. In the case of direct - 
current operation or single -phase opera- 
tion with the currents flowing in opposite 
directions in adjacent strands, the tan- 
gential force approaches zero and the 
radial force is negligible. In multi -phase 
operation, the phase sequence must pro- 
gress uniformly around the structure to 
achieve low tangential forces. Often fila- 
ment structures do not lend themselves 
to such operation, so that the best possible 
configuration and phase pattern must be 
selected with a mechanical structure that 
will keep stresses within safe limits. 

Since successful multi -phase operation 
is predicated on an optimum strand cur- 
rent -phase relationship, it is important to 
operate all tubes in accordance with fila- 
ment connections recommended by the 
manufacturer and to provide adequate 
protection against phase unbalances. In 
the case of very large tubes some sort 
of phase balance detector should be em- 
ployed which will operate when one phase 
drops below 10% of the value of the 
others. Differential current relays are 
useful for this application. 

One authority has recommended that 
all multi- strand filaments be operated 
single phase. He points out that it is 
difficult to maintain phase balance with 
multi -phase operation and that the hum 
level is only increased in the order of one 
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by A. JAMES EBEL 
Chief Engineer, WILL 

Ass't Prof., Electrical Eng. 
University of Illinois 

GRID 

:.T -OD E 

GRID 
END CAP 

111/D 

M^Y*ow 

-- -- -- 
Z::: = -+---- 

=- 

-411--- - 
-ae------_ 
-- -- -.. 

ANODE 

Approximate field 
tube with negative 

Figure 7 
distribution for a vacuum 

bias voltage less than cutoff. 

db by single -phase operation. Since the 
hum in the case of multi -phase operation 
is in the audible range, the actual hum 
may be greater if weighted for audibility. 

Before taking up in detail the anode 
characteristics of the external -anode 
vacuum tube and its associated cooling 
system, a word should be said about the 
source of heat in the tube anode. The 
kinetic energy of each electron striking 
the plate of a tube is given up in the 
form of heat. Though the mass of the 
individual electron is very small, its velo- 
city is high because of the high plate 
potentials normally employed in such 
tubes. For every ampere of current flow- 
ing in the plate circuit, 101° of these high - 
velocity impacts occur every second. Thus 
it may be seen that the power dissipated 
in the form of heat at the anode may 
reach very large values. The power input 
to a vacuum tube circuit may be ex- 
pressed as 

1 

P1 = IbaEba + IbaEr', + - ID a'padt 
T 

1 

+ 
T J ipae,bdt (3) 

T 

where Iba is the average plate current. 
Eba is the average plate voltage. 

1945 

ip. is the instantaneous plate cur- 
rent measured relative to 
Iba. 

ep is the instantaneous plate volt- 
age measured relative to 
Eb 

e,b is the instantaneous voltage 
across the load. 

rb is the load resistance. . 

Erb is the d -c voltage drop across 
the load resistance. 

It may be seen from inspection of 3 that 
the first and third terms represent tube 
power relations, while the second and 
fourth terms represent power in the load, 
The first term is the power dissipated in 
the tube. In the third term, the voltage 
and current are out of phase, so that this 
power is actually deducted from the dis- 
sipation within the tube represented by 
the first term. The fourth term shows 
that the load voltage and the current 
are in phase, so that the power deducted 
from the dissipation appears in the load as 
useful output. The second term represents , 

losses in the load and in general is negli -4$ 
gible. The efficiency of a vacuum tube 
delivering power to a load is the ratio 
of the useful power output to the total 
power input, which is generally the ratio 
of the fourth term in 3 to the whole right side of the equation. Thus it may be seen that the classification of tubes as 
5 -kw or 50 -kw tubes is somewhat mean- 
ingless unless the type of application and circuit efficiencies are known. 

The heat generated by electron impact 
develops on the inside surface of the anode and flows radially outward to the outer surface of the anode. The rate of 
flow, from the laws of heat conduction, 
is given by : 

K (t2 -t1) A 
Q = (4) 

d 
where Q is the rate of heat transfer, 

K is the thermal coefficient of the 
material, 

to and t1 are the temperatures of the inner and outer surfaces, 
A is the cross -sectional area nor- 

mal to heat flow, and 
d is the thickness. 

If the rate of heat generation exceeds the rate of outward flow, the temperature of the inside of the anode will rise. As the temperature rises, the temperature difference increases and the rate of out- ward flow increases until equilibrium temperature is reached, where the rate of flow equals the rate of generation. 
The above statement postulates that the heat flowing to the outer surfaces of the anode is carried away as fast as it is generated; in other words, that the cool- ing system is functioning properly. In water -cooled tubes the heat is transferred to the water stream and thereby carried away to cooling mechanisms ; whereas in the forced -air cooled tubes the air stream carries away the heat. While considera- 
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WHO 

Pardon us, if we presume to insert the "first," but in casting about 

for suppliers you've asl' °d that question, perhaps hundreds of times. 

Users of ceramic sockets will recognize the types illustrated. The 

No. 267 was the first ceramic miniature socket - still widely used, and 

formed the basic design for the later types with cylindrical metal shield 

base. (Yes, Johnson makes them too, our No. 27713.1 

The No. 228 octal is one of a series of oval ceramic wafer sockets 

originated 7 years ago. Engineering improvements then made over ex- 

isting types (such as mounting bosses, countersunk rivet heads, "non - 

turning" contacts, etc.) established it a favorite for Signal Corps and 

Navy equipment. 

Almost equally familiar is the basic square design of the No. 247, 

a series started 6 years ago, embodying essential features of the smaller 

Johnson sockets. 

But to get back to the first question, "Who (first) made it ?" when 

you're looking for original parts, tube sockets, or other components why 

not avail yourself of our kind of engineering and production experience? 

Ask for catalog 968(E) 

Spezia 

CONDENSERS 

INSULATORS 

SOCKETS 

PLUGS 

INDUCTORS 

CHOKES 

It COUPLINGS 

ANTENNA PHASING 

UNITS 

\",:azt, 

E. F. JOHNSON COMPANY WASECA MINNESOT 
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tion of the heat flow iri the anode itself is rather simple when an even heat generation is assumed, in actual practice 
it is very complex because of the focus- ing effect of the grid.' Figure 7 shows the approximate field distribution for a vacuum tube with negative bias voltage less than cutoff. From this it may be seen that the maximum number of elec- tron impacts will occur between the grid wires and the vertical grid stays, and that these wires will cast a shadow on the anode surface. Since the grid voltage varies from cutoff to high positive values 

in many types of operation, this shadow 
is not as well defined as the diagram in Figure 7 indicates, but rather varies throughout the entire operating cycle. Even so, there is an uneven distribution 
of heat which complicates the cooling pic- 
ture, since lateral flow takes place ac- cording to equation 4, along the anode between the hot spots. At the same time there will be a greater transfer of heat 

Figure 8 

Fundamental compo- 
nents of the hydraulic 
system of a water - 
cooled transmitter or an 
h -f heating generator. 

to the cooling agent at these hot spots. 
The water -cooled tube presents many 

interesting thermal and hydraulic prob- 
lems. The work of Mouromtseff10 and 
the pamphlet Tubes' on this subject are 
classic and should be consulted for a com- 
plete study of the cooling problems. It 
has been shown that the cooling of such 
a tube depends on several operational 
factors as well as on a number of design 
factors. The rate of cooling increases 
with the water velocity and depends 
critically on water temperature. These 
are two factors which the operator can 
control. The rate of heat transfer is ac- 
tually less with cold water because of 
an increase in viscosity of the liquid. On 
the other hand the allowable temperature 
rise is greater in cold water so that the 
maximum operational temperature lies in 
the relatively wide range between these 
two extremes. 

Of the design factors, the spacing be- 
tween the anode and the water jacket is 

AVE.FIN TEMP 

ANODE = 21 " 

TA =234 

TF AVE.= 40 

200 °C 

150°C 

100° C 

Ó C 
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Figure 9 

Cross section diagram 
of an air- cooled tube 
with the temperature 
gradients superim- 

posed. 

probably most important. The smaller 
this spacing the higher becomes the velo- 
city of the cooling stream for a given, 
rate of flow. The optimum spacing has 
been found to be in the order of .02" for 
a tube with a 1.5" anode diameter.' Such 
small spacing would not allow for any 
scale formation, however, so that in 
practice this spacing is approximately, 
.09 ". Other design factors such as grid 
and grid stay placement with respect to f' 
the cathode wires will have an effect on 
cooling, since they affect focusing and 
the formation of temperature differentials 
on the anode surface. The ratio of the 
cathode length to the total length of the 
anode also has an effect, since some of ' 

the heat will be conducted to those parts 
of the tube that do not have electrons 
impinging directly upon them, as they 
are out of the normal field between 
cathode and anode. . 

The formation of scale, because of its 
low conductivity, is very detrimental to 
the cooling of the anode. An examination 
of equation 4 will show that for a given 
rate of flow the temperature difference 
must be greater if a material of lower 
conductivity is used. Thus for a given 
water temperature rise in the cooling sys- 
tem, the actual anode temperature must 
be much higher with a scale formation. 

The dissipation limit for a water - 
cooled tube is indicated by a singing 
which accompanies the formation of steam 
at the anode. A certain amount of hiss 
or sing can be tolerated, since the minute 
bubbles of steam are washed away in the turbulent flow of the cooling liquid. If 
the steam is formed faster than it is 
washed away, however, overheating may 
easily take place, the rate of scale forma- 
tion will increase, and there is a pos- 
sibility of gassing within the tube. 

Although the direct cooling agent is water in water -cooled tubes, the final dis- 
sipation of the heat must be into the air. This is accomplished in a radiator blower 
ystem or in a cooling pond with the aid 
f evaporation. Figure 8 illustrates the undamental components of the hydraulic 
ystem of a water -cooled transmitter or 
-f heating generator. A closed system 

s used because of the necessity of em- loying distilled or very pure water to eep down the leakage current through 
he water stream. The pump must be of t uch . capaçity that it will develop the roper rate or flow in a circuit with the ydraulic resistance offered by the tube ater jacket. It may take as much as 0 pounds pressure to force the water hrough the insulation coils and the tube acket. This also leads to the interesting 
ct that the water pressure within the cket itself may be high enoltnh to raise 
e boiling point of the water as much 

s 30% and accounts for temperature 
dications in water- cooled tubes above 0 °C without the accompanying sing. It is desirable for the operator to be re le to calculate the total dissipation of at into the water by the water -cooled 
bes from the indications of the it -ttt d output temperature indicators and e flow meter. Assuming that the specific at of water remains constant over the mperature ranges encountered in the oling systems, the power dissipated into 
e water stream is given by 
= 264R(To -T,) (5) 

where R is the rate of flow in gallons 
per minute, 
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o assist the equipment designer Federal offers com- 

ehensive data on high frequency cables. 

This technical information sheet provides the design - 

ngineer with pertinent electrical and physical 
aracteristics...including impedance, capacitance, 

ttenuation, diameter, materials, and weight 
. . for Federal's wide variety of high -frequency 

shies. 
Single and double braid, armored, dual con- 

ductor and dual coaxial, air - spaced, low capacitance 

lines, and antenna lead -in wire ... there's a right 

type for your job, backed. by the built -in superiority 

that's a tradition with Federal. 
Special developments in flexible low -loss cables 

by Federal have resulted in superior cables for 

all types of transmission. For a better job, see 

Federal first. 
Write for your cable information sheet today. 
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A small, compact, prpctical 
test instrument for labora- 
tories and Radio Service 
Stores - engineered up to 
high HICKOK standards. 

Provides for electronicA.C. 
and D.C. Voltage measure- 
ment with extremely high 
input impedance. Provides 
an electronic ohmmeter for 
resistance measurement from 
.1 of one ohm. to 1,000 
megohms. Also provides a 
milliampere meter giving 5 
ranges of measurement to 
one ampere. 

MODEL 202 

Meter cannot be damaged from over -voltage on 
any range due to the electronic circuit arrangement. 
Built with 4 tubes and pilot light. Power supply is 
self -contained. Operates on 110 to 120 volts, 50 -60 
cycles A.C., with voltage regulation included. Spe- 
cial range control switch, selector switch, ohms 
adjust control, zero balance control and a large 5" 
square meter with a 17" scale length. Size 101/2" 
high, 71/2" deep, and 8" wide. Weighs 14 lbs. and 
is finished in baked crackle lacquer. It's a honey for 
convenience and dependability. 

THE HICKOK ELECTRICAL INSTRUMENT COMPANY 
10529 Dupont Avenue, Cleveland 8, Ohio 

LITY FOR A THIRD 0_ 
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EXTERNAL ANODE TRIODE 
(Continued from page 72) 

Ti is the input temperature, 
T. is the output temperature, an 
P the power in watts. 

Input and output thermometers at the 
cooling devices would show the exact re- 
verse indications except for whatever 
heat loss there would be in the connect- 
ing pipes between the tube and the cool- 
ing unit. The cooling in a radiator is 

proportional to the difference between 
radiator temperature and air temperature, 
the air velocity and the cooling area. 
From the above analysis it may be seen 
how the equilibrium temperature in 
water -cooled system is reached. The tern 
perature of the water is raised in propor ! 
tion to the amount of heat dissipation i 
the tube. The inlet temperature will ri 
till the average temperature in the coo 
ing unit is enough above ambient tem 
perature to effect a rate of heat dissipa 
tion equal to that of the tube less co 
necting circuit losses. It is the duty 
the operator to watch these various fa 
tors for indications of improver fimctio 
ing, which can be readily noted in ai 
departure from the regular operation e 
plained above. 

Distilled water is recommended in 
cases of water -cooled tube operation b 

cause the shortened life of such an e 
pensive item as an external -anode vacuui 
tube will cost much more than pu 
water. The additional possibility of inte 
ruption of service due to too much sca 
formation or excessive hydrolysis is al 
to be considered. Even with distill 
water there are always some impuriti 
that go into solution as the warm wat T 

passes through a considerable length a 

pipe or rubber hose, and fixtures such or 

pumps, radiators, and metering devices. a 
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In the forced -air cooled tube the cool 
ing process is much simpler and in som 
ways more efficient, even though 
forced -aid cooled tube cannot handle 
much dissipation as a water -cooled tub 
of the same size. Much good informatio 
has been published recently 13. ". " of 
this subject and should be consulted 
Figure 9 shows a cross- section diagra 
of an air -cooled tube with the tempera 
ture gradients superimposed. The slop 
of any of the temperature gradient curve 
is dependent upon the heat conductivi 
of the material and the rate of coolin 
The heavy copper core surrounding th 
anode facilitates the longitudinal an 
circular flow of heat so that the effect o 
grid focusing is neutralized and the coo 
ing is evenly distributed. 

The amount of power dissipation a 
air -cooled external -anode tube can hand 
is proportional to the average temper 
ture difference between the fins and tht+ 
air stream, the rate heat is transferred 
from the fins to the air stream -ser unit 
area per degree, and the to'-al effective 
area. It may be seen that all of these 
factors, except possibly the first, are de- 
sign factors and are out of the 
control. The dissipation in the final 
analysis is limited by the maximum safe temperature the anode can reach. This is 
limited by the melting point of the solder that affects the thermal contact between anode and cooler and by the point at 
which gas will be driven from the anode. Tin solder will begin to soften at approxi- 
mately 180° C, whereas a well evacuated 

or 
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me %vill not liberate excessively till 250° 
[reached; so that the cooling limit in 

tubes in current use is limited by 
solder melting point. The temperature 
150° recommended by most manufac- 
rs represents a margin of safety below 
melting point, although some tubes 

h higher melting -point solder run as 
h as 200° C. 

he temperature of the incoming air 
mportant, since for a given rate of 

t, transfer to the air the allowable dis- 
tion is a function of the incoming air 
perature . While the ambient tem- 
ature is out of the operator's control, 
per installation and care in operation 
I keep the air at the blower intake 
m rising in temperature very much 
ve the ambient. So often in installa- 
s where forced -air sealed tubes are 

, the hot air is exhausted into the 
m, and a separate exhaust fan or the 
!ding circulating system is depended 
n for the hot air removal. This leads 
ie recirculation of the hot air through 
cooling system because the air path 

istances are such as to short- circuit 
exhaust system. 
he velocity of the air strr^1 controls 
rate of heat transfer to the air stream. 

e only limit is the point where ob- 
tionable whistling takes place, or where 

installed fan capacity has to be so 
t to create the pressure necessary to 
in the desired velocity that commer- 

1 units cannot be employed. The core 
cooling fin radii bear a definite rela- 
ship to each other for optimum col- 

, as do the number and thickness of 
fins. These factors along with some 

eresting possibilities for construction 
air -cooled tubes of equal dissipation to 
ter -cooled tubes are taken up in the 
erences indicated in the foregoing 
t. 

he tube may be installed in an in- 
ated socket that forms the air duct 
m an individual blower or mounted 
a shelf that forms part of the air flow 
uit in the equipment with one corn - 

n blower and individual duct control 
air to each unit or cubicle. The hot 
is generally exhausted outside but can 
used to heat the building. A similar 
ting adaptation may be made with 
ter -cooled tube units. 

note on the heating effect of a piece 
high power electronic equipment might 
appropriate. If, for example, the piece 

1 equipment is a 5 -kw radio transmitter 
ith a power input of 25 kw, all but the 

- wer lost as electromagnetic radiation 
available in the form of heat. This 

ns that with the exception of the 
carrier power and whatver addi- 

nal power is added to the carrier by 

` 

ulation (approximately 2.5 kw maxi- 
m) the power input can be used for 
ting purposes. If the amount of heat 
kilowatts -per -hour available is con- 

- tied to btu and the heat lost for the 
'lding structure is known for the vari- 
s outside temperatures, then the suita- 
lity of the equipment as a heat source 
n be gauged. Added to this is, of course, 
e problem of heat distribution which 
an installational problem and should 
considered in the initial installation of 

e equipment. 
The flash arc (sometimes called arc 

ick ) is an instantaneous breakdown 
ithin the tube that allows reverse cur- 

; nt flow. In external -anode vacuum tubes 
f 

constitutes one of the chief sources of 
1 (Continued on page 76) 

SHEET METAL 
FABRICATION 

"Cole Steel Equipment" specializes in tough sheet 

metal assignments as well as boxes, chassis, and 

instrument housings. Whether your blueprints call 

for extreme precision or gauge limits, we're geared 

to design, fabricate and finish exactly to specifi- 

cations. Whatever your problem, let us help you. 

COLE STEEL OFFICE EQUIPMENT 
will again be available 

after the war 

COL 
STEEL EQUIPMENT COMPANY 

349 Broadway, New York 13, New York Factory: Brooklyn, New York 
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(MODERN VERSION) 

Plenty of high frequency 

Sound reproduction, up to 

15,000 cycles plus ... plenty 

of bass response, down to 

40 cycles ... plenty of hori- 

zontal distribution, 60 de- 

grees ... plenty of vertical 

distribution, 40 degrees ... 
plenty of quality . .. plenty 

of EVERYTHING a modern 

post -war America wants in 

quality sound reproduction. 

You enjoy them all in the AI- 

tec Lansing Duplex Speaker. 

SEND FOR BULLETINS 

1210 TAFT BLDG., HOLLYWOOD 28, CALIF." 

EXTERNAL ANODE TRIODES 
(Continued from page 75) 

interruption of operation and tube failure. 
While with improved manufacture tech - 
nique the incidence of such arcs is re- 
.duced, yet they remain a major problem 
for the design and operating engineer. 
They are generally identified by a sharp 
ping within the tube and interruption 
of the plate circuit by the d -c overload 
relay. Because of the intense light from 
the tungsten filament it is impossible to 
see the arc take place, and often even 
the ping is obscured by the normal 
operating noises of the tube. If sufficient 
energy is available at the plate supply, 
there will be a high current d -c follow - 
up arc, which is a sustained arc and 
will be destructive in the tube. The pre- 
vention of these power arcs is within the 
power of the design and operation en- 
gineers. 

There is no final evidence as to what 
the actual cause of these flash arcs is, 
but the work of Gossling18 and Mouromt- 
seffl' points very definitely to the libera- 
tion of gas within the tube as the main 
factor. Within the evacuated envelope 

Figure 10 

Characteristic f I a e h . 

markings on inside of 

a high power water. 
cooled tube. Careful, 

maintenance procedure 
aids in reducing num.'. 
ber of flash arca in any 

given operational situa. 
tion. 

of an external anode triode, the only 
mediums whereby conduction may be set 
up between plate and grid or plate and 
cathode are either electronic emission or 
ionization. Electronic emission is of four 
types ; (1)- thermionic, (2) -high field, (3)- secondary, and (4)- photoelectric. 
Thermionic emission is out of the ques- 
tion because it has been shown that the 
plate surface cannot reach temperatures 
necessary for the initiation of such emis- 
sion. Although secondary emission is 
common within these tubes, there seems 
to be no correlation between the incidence 
of flash arcs and secondary emission. 
Photoelectric emission might be caused 
by the soft x -rays generated by the 
bombardment of the anode by primary 
electrons of high velocity, but here again 
there is no definite correlation between 
the conditions giving rise to x -rays and 
flash arcs. High field emission from a 
smooth surface requires potential gradi- 
ents far above those normally encountered !, 
within the tube. Any blistering or flaking 

,t 

l,. 

. 

to 

JONES 500 SERIES 

PLUGS AND SOCKETS 
Designed for 5,000 volts and 25 amperes. 
All sizes polarized to prevent incorrect 
connections, no matter bow many sizes used on 
a single installation. Fulfill every electrical and 
mechanical requirement. Easy to wire and in- 
stantly accessible for inspection. Sizes: 2, 4, 6, 
8, 10, and 12 contacts. Send for a copy of Bul- 
letin 500 for complete information. Write today. 

HOWARD B. JONES CO. 
2460 W. GEORGE STREET 

CHICAGO 18, ILL. 
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he anode surface would, however, 
rise to the conditions necessary and 

tient for formation of such an arc. 
11 is a rare possibility in the present 
z of the tube manufacturing art. Thus 
11 ionization of gases present within 
*tube is left as a cause of the flash 
dt Experimental introduction of small 
altities of gas into a tube has not given 
.Bk to the type of flash arcs normally 
Ad in hard vacuum tubes, so that it 
)t simply a question of ionic conduc- 

d It may be that gases condensed on 
tecool surface of the anode, which is 
xcoolest element in the external anode 
,ti, are suddenly released during opera- 

in such form that they give rise to 
field emission or disintergration of 

itgas pocket and the formation of the 
arc. 

, is a known fact that flash arcs are 
frequent in forced -air cooled tubes 
in water -cooled tubes. The anode of 
orced -air cooled tube is warmer and 
fore does not invite the condensation 

ases such as does the relatively cold 
r- cooled anode. The temperature dis- 

tant 

is of course also more even in 
air -cooled anode. This, plus the fact 
flash arcs seldom if ever occur in 
tion -cooled tubes, even with high - 

ntial gradients, indicates strongly 
condensed gases have some definite 

on the occurrence of the arcs. 
gure 10 shows the characteristic 

arc markings on the inside of the 
e of a high power water -cooled 
um tube. Much can be done in the 
of maintenance procedure to reduce 

number of flash arcs in any given 
ational situation, which will be dis - 
ed later. In the matter of desige, it is 
rtant, if a destructive power arc is 

to follow the flash arc, that the d -c 
load protection in the circuit be fast 
sure. Furthermore, the condensers 
e circuit between the overload pro- 

on and the tube anode should be as 
1 as possible so that the energy stored 
not be sufficient to cause a destruc- 
power arc. This indicates that the 
blocking condenser be as small as 

ible, and that push -pull operation is 
in this respect than parallel opera - 

The plate choke should have enough 
ctance to prevent a rapid rise in cur- 

'` from the final filter condenser in the 
t of a flash arc. 

01 condary emission takes place to a 
eable extent in all power tubes. As 
enomenon it occurs whenever elec- 

s impinge on a material with energy 
ore than 10 volts. The maximum 

sion takes place at electron energies 
order of 600 volts, depending upon 

material. In the high -power triode, 
ndary emission from the anode is of 

imnortance since the anode in opera - 
very seldom becomes negative with 
t to any of the other elements of 

tube. Even when the minimum plate 
ge approaches the maximum grid 
ge in certain types of operation, very 
of the secondary electrons have 

Ipugh energy to overcome the -'tential 
dent between the grid and the plate. 
't 'here is considerable secondary emis- 
th from the grid, however, which pre- 
Its a very definite problem in tube de- 
I as well as in the application of the 

. Figure 11 shows a typical grid 
d aracteristic of a high -power triode. 

negative slope of the curve as the 
litntial increases indicates that the grid 
chit of this tube will present a negative 

(Continued on page 106) 
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4#i ANDREW SOLUTION 

afrt 

ANTENNA PROBLEM 

alFaced with a difficult antenna problem, 
E. H. Andresen, Chief Engineer of Chi- 

cago's Board of Education Station WBEZ, called 
on ANDREW engineers for a solution. The prob- 
lem was that of coupling a 70 -ohm unbalanced 
coaxial transmission line to the much smaller 
balanced impedance of the antenna. Uncer- 
tainty of the exact value of the antenna impe- 
dance made the problem difficult, and called 
for some kind of an adjustable coupling device. 

ANDREW solved the problem by constructing a 
quarter wave impedance transforming section 
with a concentric "bazooka" for the balance con- 

version. Adjustments were made by varying the 
average dielectric constant in resonant section. 

This problem is but one of many that the expe- 

rienced staff of ANDREW engineers are called 
upon to solve. As qualified experts in the field 

o of FM, radio and television antenna equipment 
ANDREW engineers have solved many problems 
for military and broadcast engineers. 

FOR THE SOLUTION OF YOUR ANTENNA PROBLEMS 

. . . FOR THE DESIGNING, ENGINEERING, AND BUILD- 

ING OF ANTENNA EQUIPMENT ... CONSULT ANDREW 

O C O O O O O C O C C C C O 

Curve shows standing waves 
determined by probing electro- 
static field in "piccolo" (section 
of transmission line with holes 
drilled in outer conductor). Wavy 
curve represents initial condi- 
tions before adjustment; straight 
line shows the final result after 
adjustment of matching unit. 

363 East 75th Street, Chicago 19, Illinois 

Twin- barreled dehydrat- 
ing unit especially designed 
for WBEZ by ANDREW engi- 
neers. Design permits leav- 
ing one cartridge in service 
while the other cartridge is 
being recharged. 
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SUPPLY VOLTAGE EFFECT ON TRANSITRON PERFORMANCE 
(Continued from page 64) 
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Featuring new materials and designs, the new 
Nemco Crystal Holders have easily passed 
every test to which they have been subjected 
by the Signal Corps. and crystal manufac- 
turers. 
Nemco Holders are designed to prevent 
deterioration of the crystal by repelling 
water vapor under tropical conditions. 
Because we specialize in the manufacture 
of Crystal Holders exclusively, we can 
give you the quality and service to help 
speed your production. 
Write for samples and prices; also re- 
quest quotations on your requirements 
for imprinti ng holders with metallic ink. 

New NEMCO NSX in No. 6105 
and 592 may be obtained in 
all types of FT -243 Holders. 

NATIONAL ELECTRONIC 
MANUFACTURING CORP.. 
22 -78 STEINWAY ST., LONG ISLAND CITY, N.Y. 
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characteristics. Averages for four to six 
tubes of each make were made. The nega- 
tive resistance at the midpoint of each 
characteristic for the 6SJ7 or 6SJ7GT 
varies from -2250 ohms for a 6SJ7 of 
our make of August 1944 and another 
manufacturer's tube of December 1942 to 
-5500 ohms for our 12SJ7 of March 1941. 
The curves show that a tran'sitron oscil- 
lator circuit adjusted for oscillation at 
82.5 volts Ec_ with our 6SJ7 of March 
1941 or another tube of September 1942 
could be inoperative at the same applied 
voltages with still another make tube of 
December 1942 or one of ours of August 
1944. - 

The tube samples we happened to have 
do not illustrate exactly this state of af- 
fairs for the 6SK7 but there is no reason 
that the same range of variation could 

tIM not be expected for the 6SK7 or any 
other pentode as we found for the 6SJ7. v` 

Dr. Brunetti's curves for the 6C6 and 57 or 

(theoretically identical tubes except for ,t0; 
heater rating) also tend to illustrate our for 

point. 
This analysis is not offered to depre- 

cate the advantages and virtues of the transitron oscillator, but rather to point DU 

out the difficulties which might be ex- 
pected with the use of standard tube types lit. 
in transitron circuits with non -adjustable r4, 

screen and bias voltages. 
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IC esig 
variation many 
vr;at0 

meets special applications 
saves time . . . saves tooling . . . speeds delivery! 

If your application requires a specially designed relay 
Guardian engineers can be of great help to you. But, as 

*a result of their wide experience in designing "specials" they 

have evolved a standard design so flexible that it is now speci- 

fied in numerous applications that would ordinarily require a 

specially designed unit. Perhaps you can use it in your "special" 
application ... with a saving in money and delivery time. This 

unust ;g11y flexible relay is the SERIES 345. Its chief features are 
the large coil winding area, numerous contact combinations, the 

non- binding pin type armature huge pin, its resistance to shock 

and vibration, and an ability to operate in extremes of temper- 
ature. It is now being used in aircraft, radio, and other exact- 

TIME DELAY 

ing applications to insure dependable performance. 
STANDARD SERIES 345 -The ample coil winding area of 
the SERIES 345 gives you a wide range of windings for various 
voltages and currents. Coil winding area is approximately .75 
cubic inches. Average power required is 3.56 watts with three 
pole, double throw contacts of 121/2 amp. capacity. Coils are 
available for either A.C. or D.C. operation. 

The maximum switch capacity of the Standard Series 345 is 

three pole, double throw. Contacts are rated at 121/2 amperes 
at 110 volts, 60 cycles, non -inductive A.C. Moving contacts are 
attached to but insulated from the armature by a bakelite 
plate. Terminals are solder lugs. Weight is 61/2 ounces. 

VARIATIONS OF THE SERIES 345 RELAY 

WINDING -Multi-wound coils are avail- 
able for operation on two or more circuits. 
Or coil may be wound to operate on the 
discharge of a 3 mfd. condenser. 

CONTACTS -Normal switch capacity is 

three pole, double throw; maximum switch 
capacity may be up to six pole double 
throw with 121/2 amp. contacts, or any vari- 

ation of contact combinations within this range, 
.including the operation of contacts in sequence. 

)11 

ihe flexibility of the contact springs may be 
ncreased through the use of coil spring rivets. 

el+ 

ITIME DELAY -On D.C. coils a time delay of 
0.25 seconds on release or 0.06 second on 

attract may be achieved through the use of 
copper slugs which require these time intervals 
for saturation or de- energizing depending on 

whether they are used on the heel or head of 
the coil. 

sionally or where solder lug terminals are 
not otherwise practical. 

INTERLOCKING -The SERIES 345 may 
be used in combination with various coils to 

achieve a mechanical interlock. One of the 

most recent developments is the use of the 

SERIES 345 in an overload application. Ex- 

cessive current energizes the SERIES 345 
coil. The armature is then mechanically locked 
in the energized position by an arm attached 
to a Series 405 coil and is held in the locked 
position until the Series 405 coil is energized 
by a push- button arrangement. If current 
through the Series 345 is still excessive, relay 
remains in locked position even though re- 
leased by push- button control. 

DUST COVER 

INTERLOCKING UNIT 

DUST COVER -For applications where this relay may be 

subject to injury or in atmosphere where dust may be present 
in sufficient quantity to impede operation, the SERIES 345 may 
be equipped with a metal dustproof cover. 

SCREW TERMINALS -Screw type terminals are optional 
for applications where terminals must be disconnected occa- 

SERIES 345 RELAY DATA 

Normal 
Volts 

Minimum 
Volts 

Normal 
M.A. 

Minimum 
M.A. 

Coil 
Resist. 

Normal 
Wattage 

6 4.8 600 480 10 3.56 
12 9.8 300 245 40 3.56 
24 1 8 148 1 1 1 162 3.56 
32 25.6 112 89 287 3 56 

115 92 31 25 3720 3.56 

Minimum operating wattage 

If you will write us about your relay problems our engineers will be glad to make recommendations 

which may save you time and money. Should you desire a quotation, please mention quantity. 

GUARDIAN 
162 3 -B W. WALNUT STREET 

A COMPLETE LIME Of RELAYS 

ELECTRIC 
CHICAGO 12, ILLINOIS 

SERVING AMERICAN WAR INDUSTRY 

23 
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BRIDGE SWITCHING 
(Continued from page 42) 

nce R. (or an inductor considered as 
a combination) . This is balanced 
a resistance R. in series with the 

dard capacitance arm C. The equa- 
s of balance include frequency terms. 
s circuit is most suitable to measure - 
ts of inductors of high Q. since the 

`stance R. varies from a nominal 
wimum value to zero ohms. If Q. > 10, 

*1 the expression for L. is independent 
¿ requency to better than 1% ; the ex- 
fission for R. is then largely dependent 
xin a frequency term. 

n (g) of the Table we have an un- 
tried bridge circuit that balances the 
'lallel combination of an unknown in- 
htance L. and resistance R. (or an 
ltttttor2 considered as such a combina- 
'Ili), with the resistance R. in series 
,vh the standard capacitance arm C. 
le balance equations for La and R. are 
dependent of frequency, and the bridge 
isnost suitable to high Q. measurements. 

The Maxwell bridge circuit for the 
inasurement of i?tductance, with balance 
¢cations for L. and R. in series in- 
olpendent of frequency, appears in (h) 
dthe Table. The bridge is most suitable 
ft low Q. measurements. 
)l'he last bridge circuit (i) in the Table 
isan unnamed bridge circuit that meas- 
tts the parallel combnation of La and 
11. The circuit is most suitable for low 
Q measurements, in which case the fre- 
gency term is important in the equation 
if L. and not significant in the equation 
k R =. 

tnsfructlonal Details 
43-Since electrostatic shielding in an im- 

lance bridge is absolutely essential to 
11 proper operation, the device was as- 
Anbled in an aluminum cabinet, and very 
,ls}nmetrically arranged, with the bridge 
ans located as shown in Figure 2. Elec- 
*magnetic and electrostatic coupling 
itween the oscillator and the output 
'(6¡cuit is reduced to a minimum by not 
eluding the oscillator within the bridge 
4tinet proper ; and external connections 

E ,8 these devices are made with shielded 
xial cords. 

aY he decade resistors of the A and B 
s of the bridge are IRC type WW -4, 

cept for the 1 and 10 -ohm steps, which 
re non- inductively wound of manganin 
re. All resistances are within /% of 
it nominal values. An aluminum 

lN 
ield surrounds each decade resistance; 
se electrostatic shields are connected 
the bridge as shown in Figure 2. The 
and Rp variable elements are General 

dio 471 -A rheostats with scales cali- 
ated on a Wheatstone resistance bridge. 
e adjustable 1000 -ohm D arm was 

nstructed on a frame similar to the 
neral Radio 533 -A rheostat, using an 
proximately logarithmically -shaped card 
and with manganin wire to give a 

tal of 1000 -ohms resistance. The 
rect reading scale of this variable resis- 
nce was very carefully hand calibrated 
ith a precision Wheatstone bridge. 
The rather large mica capacitance 

tandards (which give the bridge its 
eat range) were constructed from thick 

(Continued on page 84) 

3Iron core reactors are very often best repre- 
.nted by such parallel combinations of induct - 
nce and resistance, particularly in communica- 
on networks. See Magnetic Circuits and Trans - 
rn'mers, MIT Staff, page 197, John Wiley; 
943. 

For Measurement, 

Inspection, 
Testing and Control 

TUBE TESTERS 

OSCILLOSCOPES 

CAPACITY DECADES 

RESISTANCE DECADES 

WHEATSTONE BRIDGES 

RESISTANCE LIMIT BRIDGES 

WEIN CAPACITY BRIDGES 

SIGNAL GENERATORS 

PANEL METERS 

VACUUM TUBE VOLTMETERS 

VOIT- OHM- MILLIAMMETERS 

Helpful 

BUYING 
GUIDE 
Available 

on Request 

Write for it! 

Allied's concentration of leading 
makes under one roof means you can 
obtain the type of instrument you 
want ... in the shortest time possible. 
This specialized service to indus- 
try, government, and research lab- 

oratories simplifies procurement . . . increases 
efficiency ... saves hours, days, and effort. Such 

well known makes as RCA, Dumont, G.E., Indus- 
trial Instruments, Hickok, Radio City, Triplett 
and others. Many on hand for immediate delivery. 

EVERYTHING IN ELECTRONICS AND RADIO 

It's faster, simpler to get all your electronic and radio 
supplies from this one central source. We carry the largest 
and most complete stocks of parts and equipment under 
one roof ... ready for immediate shipment. Besides, our 
procurement experts are in constant contact with all lead- 
ing manufacturers to speed supplies. 

Save time and work ... Call Allied First! 
Write, Wire or Phone Haymarket 6800 

ALLIED RADIO 
C O R P O R A T I O N 

833 W. Jackson Blvd. Dept. 31 -B -5 Chicago 7, Illinois 

SUPPLIERS OF ELECTRONIC PARTS AND EQUIPMENT TO INDUSTRIAL AMERICA 

Electronic Tubes, Rectifiers, Power Supplies, Intercommunicating Systems, Sound Systems, Photo -Cell Equip- 

ment, Batteries, Chargers, Converters. Generators, Supplies for Resistance Welders, Fuses, Test Instruments, 

Meters, Broadcast Station Equipment, Relays, Condensers, Capacitors, Resistors, Rheostats, Transformers, 

Switches, Coaxial Cable, Wire, Soldering Irons, Microphones. Speakers, Technical Books, etc. 
ancammettaasSEPIMPO 
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RCA BU!LD,NG, .0 Roccerelle. Plaza: New York, N. Y. GEORGE H. CLARK, Secretar, 

THE VWOA played host to a 
record attendance at its 20th 
anniversary dinner -cruise at the 

Hotel Astor in New York on Febru- 
ary 17. Honored guests included Rear 
Admiral J. F. Farley, Assistant Chief 
of Coast Guard Operations; Major 
General H. C. Ingles, Chief Signal 
Officer of the U. S. Army ; FCC Com- 
missioner E. K. Jett; Major General 
Frank E. Stoner, Chief of Army Com- 
munications; Captain E. M. Webster, 
Chief of Coast Guard Communica- 
tions; Brigadier General David Sar- 
noff, first life member VWOA; 
Colonel Thompson H. Mitchell, vice 
president and general manager RCA 
Communications; Haraden Pratt, vice 
president and chief engineer of Mac- 
kay Radio and Telegraph Company ; 

George W. Bailey, president Ameri- 
can Radio Relay League ; T. R. Mc- 
Elroy and W. J. Halligan. 

One of the highlights of the evening 
was a message from General Dwight 
D. Eisenhower. It had been forwarded 
to General Stoner for presentation at 
the dinner -cruise. The message read : 

"I am duly appreciative of your in- 
vitation to me to be a guest of honor 
at the twentieth anniversary dinner of 
the Veteran Wireless Operators As- 
sociation. I regret my inability to ac- 
cept, but I am glad to testify to the 
great debt all of us owe to the signal- 
men in this theater of war. Signal 
communications are the indispensable 
servant of command ; without them 
the effective control of a vast modern 
fighting force would be an impossi- 
bility. Signal personnel of this theater 
has, from the very beginning of the 
invasion, been characterized by a high 
order of skill, devotion to duty, and, 
in the forward areas, exemplary cour- 
age and fortitude." 

STRIKING messages from Admiral 
King and Lt. General A. A. Van - 

degrift of the Marines were also pre- 
sented. 

General Vandegrift said in his 
salute to the VWOA: 

"The great miracle- producing field 
of wireless communications has con- 
tributed vitally to the success of our 

Lt. Gen. A. A. Vandegrift, Commandant of the 
U. S. Marine Corps, who sent a special communi- 
cations message to the 20th annual dinner -cruise 

of the VWOA. 

armed forces. We are deeply grateful 
to, and proud of, the men who make 
these miracles possible -the men the 
VWOA represents. 

"Close radio contact with our tac- 
tical support planes makes it possible 
for them to bomb and strafe enemy 
positions ringing the beach without 
danger to our own troops. 

"With our guns ashore, radio makes 
it possible for spotter planes to pick 
out the smaller enemy emplacements 
and relay their location to our gun- 
ners. 

"When we come out of the water 
to strive for a foothold on soil the 
enemy is fighting bitterly to hold, our 
separate landing units must coordinate 
their efforts with all possible precision. 
All manners of obstacles work against 
this, but obstacles are overcome and 
hard -hitting teamwork is maintained 
principally through the vital ties of 
wireless communications. 

"This success results from our 
possession of superior equipment oper- 
ated by courageous and efficient men. 

"We are proud of our communica- 
tions personnel. The entire communica- 
tions field, to which I am pleased to 
commend them, can be proud of these 
men." 

Admiral King declared in his mes- 
sage that widespread public acclaim 
has attended the miracle of modern 
communications equipment and its con- 

S2 COMMUNICATIONS FOR FEBRUARY 1945 

tribution to success in this war, 
stated that perhaps too little has be 
said of the human element in w 
communications. 

Paying tribute to radio operato 
he declared that.... "It is my wis 
to emphasize his fighting participation 
so that full recognition may be ac% 

corded the similaritx and identity c4 

purpose which exist between the co 
municator at his radio key and t 
gunner at his firing key-a similari 
which reaches its full synthesis 
modern combat." 

A wards 

THE Marconi Memorial M 
of Achievement was awarded 
Dr. Allen B. Du Mont... . 

Marconi Memorial Medal of Sery 
went to R. Morris Pierce in rec 
nition of his outstanding service 
the cause of the United Nations 
connection with the Italian Fleet 
Luxembourg Radio incidents.... 
Liam J. McGonigle received a Marc 
Medal of Brotherhood "in apprec 
tion of earnest years of devotion tc : 

the growth and good of the associa 
tion." . . . Orrin E. Dunlap, Jr. re 
ceived the Marconi Memorial Meda 
of History.... A posthumous Scrol 
of Appreciation was awarded to Wil 
Liam S. Fitzpatrick -Pioneer in tho 
wireless art- charter member any 
earliest worker in the founding of ow 
Association. 

Honorary memberships were award 1 

ed to Major General Frank E. Stoner 
Donald McNicol, former IRE presi 
dent ; Lawrence J. Dunn, Chief Radic 
Aide to the Chief Signal Officer o 
the Army ; and Hugo Gernsback. 

Life memberships were awarded to 
Henry Steinberg, a pioneer in wire 
less, now a manufacturers represen 
tative in New York; Paul Godley 
consulting engineer and famous for 
his work in the trans -Atlantic tests 
for the hams way, way back; Louis 
G. Pacent, Sr., pioneer development 
engineer; and Lewis Winner, who has 
had as varied a career as any of us 
and is now editor of COMMUNICATIONS 
and editorial director of SERVICE. 
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ONE OF A SERIES OF ELECTRO -VOICE ADVERTISEMENTS EXPLAINING IN DETAIL 
THE APPLICATIONS AJ4D SPECIFICATIONS OF ELECTRO -VOICE MICROPHONES 

RAILROAD 
MARINE 

AIRCRAFT 
POLICE 

EMERGENCY 

IND NST 

SYSTEMS CALL 
N0 IS LOCATIONS 

, , cud ,K44cty ortest afidieofitua 

.. a single button, hand -held, carbon DIFFERENTIAL 
microphone, designed for maximum intelligibility 
under extreme noise 

Ambient noise is fed into dual apertures, shown in 
photograph, in correct phase relationship to provide 
almost complete cancellation of the entire noise 
spectrum. Speech that originates close to one of 
these apertures is faithfully reproduced. Articulation 
percentage is at least 97% under quiet conditions, 
and 88% under a 115 db noise field. The Model 205 -S 
is unusually versatile ... can be used, indoors or 
outdoors, for all speech transmission in any noisy, 
windy, wet or extremely hot or cold location. 

SPECIFICATIONS OF 
OUTPUT LEVEL: Power rating: 27 db below 6 

milliwatts for 10 bar pressure. Voltage 
rating: 10 db above .001 volt /bar, open 
circuit. Voltage developed by normal 
speech (100 bars); .32 volt. 

FREQUENCY RESPONSE: substantially flat 
from 100 -4000 c.p.s 

ARTICULATION: at least 97% articulation un- 
der quiet conditions; 813% under 115 db 
of ambient noise. 

AVERAGE BACKGROUND NOISE REDUCTION: 
20 db and higher, depending on distance 
from noise source. 

WEIGHT: less than eight ounces. 
INPUT: standard single button input is required. 
CURRENT: 10 -50 milliampere button current. 
HOUSING: molded, high impact phenolic hous- 

ing; minimum wall thickness, 5/32"; viny- 
lite carbon retainer 

Model 205 -S, List Price. $25.00 

Because the 205.5 is a noise -cancelling microphone, 
it must be used in a manner different from any other 
type. The microphone should be held so that the lip - 
rest will touch lightly against the upper lip. This 
brings the mouth and instrument into the correct 
position for proper transmission. As with all Electra- 
Voice microphones, the Model 205 -S is guaranteed 
to be free from defect in material and workmanship - for life. 

THE MODEL 205 -S 
TEMPERATURE RANGE: from -40° to +185 °F. 
PRESS -TO -TALK SWITCH: available with or without hold -down lock. Double pole double throw contacts provide an op- tional wide assortment of switch circuits. 
STANDARD SWITCH CIRCUIT: provides clos- 

ing of button circuit and relay simulta- 
neously. 

THERMAL NOISE: less than 1 millivolt with 50 
milliamperes through button. 

STURDY CONSTRUCTION: capable of with- 
standing impact of more than 10,000 6" 
drops to hard surface. 

POSITIONAL RESPONSE: plus or minus of 5 
db of horizontal. 

CONDUCTOR CABLE: 5 feet of two conductor 
and shielded cable, overall synthetic 
rubber jacketed. 

Model 205 -S, with switch lock, List Price. $26.50 

OWL i/iwL MICROPHONES 
ELFGIRO -VOICE CORPORATION 1239 SOUTH BEND AVENUE SOUTH BEND 44, INDIANA 

E.44,. D i,,ew 13 Eat, 40x1. Str,, New York IS, N. K., U. 5. A Cobte. Arieb 

IRE WINTER MEETING 
(Continued from page 56) 

dock. On several occasions the low -driv- 
ing power requirements of the tube were 
demonstrated by driving the 14 m -c am- 
plifier to its full rated 1000 watts input by 
means of a standard Meissner signal 
shifter. Mr. Murdock explained that the 
signal shifter consists merely of an oscil- 
lator- doubler unit, with a 6L6 as the out- 
put- doubler stage. 

100 -mc Tests 

For tests at 100 mc and above, a unit 
utilizing linear grid and plate tank cir- 

REPORT 

cuits was employed, Mr. Murdock pointed 
out. He said that there were no significant 
differences between the operation of the 
tubes at 14 and 100 mc. The driving 
power at 100 mc was found to be less 
than 5 watts per pair, he said, and there 
was no difficulty in obtaining a plate - 
circuit efficiency of 75 %. 

Filament voltage is 5 volts ; current, 
6.3 amperes. 

[Additional digests of IRE Winter 
Meeting papers will appear in the 
March issue of COMMUNICATIONS.] 
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BRIDGE SWITCHING 
(Continued from page 81) 

mica sheets obtained from condens 
formerly utilized in spark transmitte 
By a tedious process, the high- volta 11' 
capacitors were torn down and reasse 
bled with the mica sheets split to mi 

P2á mum thickness. This was found m láe 

easily accomplished by wetting the m elt 

sheets, and starting a split with a raz II' 

blade. A magnifying glass was helpfú'ár, 
on the eyes during this process. Ono 

split was made in a mica sheet, it wa, 
continued most readily by use of a smootl 
needle and immersion in water whicl 
greatly facilitated the separation of the 
mica laminations. It was, of course, nec , 

essary to thoroughly dry out the mics 
sheets by baking in an oven prior tc 
their use. The condensers were assembles 
from alternate sheets of thin tin foil anc'.: 
mica, temporarily clamping each assem 
bly from time to time and its total capaci.. 

, . 

tance measured. Each capacitance was 
made a few per cent too large ; then im- , 

pregnated with beeswax compound, nd 

clamped while still warm, and allowed T 

cool. In order to adjust them to their 
respective nominal values, the complete, tic, 

condensers were placed in their separatç ar;_ 

mountings and their capacitances meas. 
ad ured. These capacitances were high. 

portion of one condenser sheet was th 
removed from each condenser, and reá 
sembled and remeasured. After a f 
trials, the assembled condensers were fi 
ally adjusted to within the precision 
measurement to the desired nominal value 
All measurements were made by a substit 
tion method, with a laboratory decade c 
pacitor as the standard. The assembl 
general -purpose bridge was utilized as t 
measuring device, using an auxiliary co 
dense in the C. arm. Since a substituti 
method was used, the final capacitance a Ii 
justments were correct to within a p 
cent of the capacitance standard, which 6 ias 
self had a limit of error of 0.25 %. 

on 

Iid: 

I? 

ea 

nd 

'I11 

cal 

a;t 

a 

uaI 

tsel 

ni 

nd 

Shielded Transformer n 1 

The secret of the successful operati ion of an impedance bridge lies in the isolat- 
ing transformer required to change from 
the balanced bridge arms back to a single- 
side or grounded condition.' The shielded T transformer utilized in this bridge was constructed from a high -quality, shell - 
type 3 :1 ratio a -f transformer. After dis -. assembly, approximately one half of the' inner part of the outer (or secondary)'. 
winding was removed, reducing the turn, ratio of the transformer to approximately 
1% :1. This left a gap between the twc windings. A sheet of thin tin foil wa wound around the outside and inside o each winding, leaving small overlaps witl insulation between to prevent the forma tion of short -circuited turns. A lead was brought out from both the outer anc inner shields of the two windings. These, electrostatic shields must, of course, be insulated from each other and from the core. The transformer was then reas 
sembled with small spacers between the windings, as shown in the cut -away vie« in Figure 6, and the entire device treatec 
to a beeswax impregnation. 

The shielded transformer eliminates 
the electrostatic coupling between the twc 
windings ; balances the stray -ground ca- 

3See Shielded Transformers for Impedance Bridges, General Radio Experimenter, Vol. X. No. 5; October 1935. 
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(}, 

rt 

dances of the windings so as to shunt 
ally the C and D arms of the bridge ; 

reduces these shuntings ground ca- 
dances to a minimum. These con - 

'ons thereby completely determine the 
nections of the shields, which are 
de as shown in Figure 2. 

he winding closest to the core, pri- 
ry in Figures 2 and 4, has the highest 
acitance to ground, and is therefore 
lized as the output winding ; both 
electrostatic shields are connected to 

und (the aluminum cabinet). The 
er winding has a minimum capacitance 
ground, and is therefore connected to 
junctions of the A -C and B -D arms. 

e outer shield of this winding is con - 
ted to its outer winding terminal ; 

inner shield to the inner winding 
minal. This outer winding is identi- 

as secondary in Figures 2 and 4. 

inally, the primary and secondary 
riding terminals are shielded from each 
er by the transformer core which is 
o grounded to the aluminum cabinet, 
gure 4. 

idge Accuracy 

The only devices required to calibrate 
31, e bridge are a good Wheatstone d -c 

idge for measurement of the fixed and 
riable resistance arms of the bridge, 
d a precision standard of 1.0, 0.1 and 
1- microfarads capacitance for calibra - 
n of the capacitance arm C of the 
idge. 

re, 
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úe41 

r 

1t 
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If the highest accuracy is desired for 
easurement of R: and Q. of elements 
der test, more exact values than those 

hich can be marked on the R. and Rp 
ales are required. These more exact 
slues (to the full accuracy of the bridge) 
ay be obtained by measuring these 
antities on the general -purpose bridge 

self, as follows : 

If R. has been used for the loss com- 
.nent balance, after the measurement 

s been made, disconnect the element 
der measurement from the bridge 

id turn the decade switches as shown 
Table I; decades A, B and D on ohms, 

d decade C on (R8). (It will be noted 
om Figure 2 that this places R. across 
e R. binding posts.) Then balance 
e bridge for resistance in the usual 
anner. 
The resistance Rp can likewise be de- 
rmined by setting the decade arm C on 

Rn), and A, B and D on ohms as shown 
Table I. This measurement can be 

ade either on d -c or on a -c with sen- 
bly the same results. 
Since the arms of the general -purpose 

ridge are accessible externally, all de- 
ade and variable resistances as well as 
e capacitance decades can be calibrated 

gainst standards from time to time and 
e corresponding exact values utilized 

the balance equations given in Table 
I, if a maximum of accuracy is desired 
rom the bridge. This refinement is 
ardly justified, however, since the bridge 
ccuracy is practically limited by the 
recision of settings which is of the 
rder of 1 %. 

Considering the fact that no special 
recautions were taken in the construc- 
ion of the bridge except to choose corn - 
onents within /% of their nominal val- 
es, the accuracy of the bridge is quite 
ood. For d -c resistance measurements, 
e accuracy is within the precision of 

eading of the bridge, about 1 %, except 
or the extreme ranges. For a -c resis- 

(Con.tinued on page 103) 

Shallcross Portable 
KILOVOLTMETERS 

Other Shallcross High - 

Voltage Equipment 

Kilovoltmeter 
Multipliers 

Corona -protected 
High -Voltage 

Resistors 

Special Apparatus 
for Any High- Voltage 

Measuring 
Requirement 

Write For Details 

Now available for rapid delivery, Shall- 
cross Kilovoltmeters are produced in a 
complete line for the measurement of the 
high potentials encountered in radio trans- 
mitters, radar, television equipment, X -ray 
systems, dust precipitators, and similar 
high -voltage equipment. Ruggedly con- 
structed' yet light in weight, the instru- 
ments are suitable for either laboratory or 
field work, and are entirely safe in opera- 
tion. Full scale accuracy on a typical 1,000 
ohms -per -volt Shallcross D. C. Kilovolt - 
meter is ± 2 %. The accurate fixed wire 
wound resistors are closely calibrated and 
properly aged. Corona protected resistors 
can be supplied for measurements up to 
200 KV. 

In addition to its standard line, Shallcross 
likewise produces regularly a wide variety 
of "tailor- made" Kilovoltmeters and high 
voltage Meter Multipliers to match indi- 
vidual requirements. Write for details or 
engineering recommendations. 

SHALL(RQSS MF G. 
DEPT. C - 25, COLLINGDALE, PA. 

ENGINEERING DESIGNING MANUFACTURING 
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From the product de- 
signer through to final . 
assembly and use in 
the field, the Eby Spring 
Binding Post line offers 
top service based on 
dependability. 

The spring binding post 
offers unique advan- 
tages that can't be 
duplicated: 

1. No screw cap to 
tighten or come 
loose with vibration. 

2. Constant. even pres- 
sure on the wire at 
all times in all' posi- 
tions. 

3. Easy one -hand feed- 
ing of wire into the 
post. 

4. Corrosion - resistant, 
long -life springs. 

5. Complete range of 
sizes, stem lengths, 
and accessories for 
every application. 

Replace with Eby Spring 
Binding Posts --- Write 
today. 

INCORPORATED 

18W.CHEITENAVE. 

PHILADELPHIA, PA. 

conductance in the separate halves of the 
tube. 

N E VII S BRIEFS NAB CONVENTION CALLED OFF 
The National Association of Broadcastors has 

cancelled its annual convention which would 
normally be held in the late spring. NAB dis 
trict meetings will continue to be held, pro- 
vided they conform in all respects to the gov- 
ernment's travel rulings. 

NAVY SEEKING NEW INVENTIONS 
The Navy has turned over to the National In- 
ventors Council, of which C. F. Kettering is 
chairman, several communications problems for 
industry solution. Solutions to the problems 
which appear below should be prepared in 
sketch and description form and sent to the 
National Inventors Council, Department of 
Commerce, Washington, D. C. 

The problems are: (I) A small portable field 
strength meter about the size and weight of 
a walkie- talkie for rapid checking of radio 
field intensities in the vicinity of radio trans- 
mitting stations. The instrument must be 
simple to use and accurate within plus or 
minus 10%. Frequency range desired is 100 kc 
to 20,000 kc. The range of field intensities 
desired is from 10 to 1,000 millivolts per meter. 
(2) Radio antennas up to 300 feet in height 
that can be set up by unskilled ground crews. 
The efficiency of radio devices is often limited 
by the extreme difficulty of obtaining reason- 
able antenna heights quickly in the field. Very 
light alloys and special rigs for rapid erection 
by a ground crew without climbing are de- 
sired, in addition to ability to dismantle or 
collapse into packages not exceeding 20 feet 
in length. Insulated base vertical antennas are preferable but grounded base type could be 
used if the device had enough other advantages 
in the way of ease of erection and ruggedness. 
(3) A precision twin- triode vacuams tube with 
general characteristics of the current 6SN7 
type having the following additional precision 
features: 

1 -After a fifteen minute warm -up, the gm 
of the two sides shall be equal over the normal operating range to within + 1 %. 

2 -The tube shall be completely nonmicro- 
phonic. 

3-The above characteristics to be main- tained over an ambient temperature range + 80 °C to -40 °C. 
4-It would be possible to produce this tube 

by mass production methods with not more than 10% rejects. 
Note -Tubes presently available in produc- 

tion permit excessive variation in grid -plate 

s * s 

* * 

1945 TUBE NEEDS UP 25% 
Receiving tube requirements for 1945 will be 
about 25 per cent higher than the 12,000,000 a 
month required in 1944, according to WPB. 
To advise on any methods that may be neces- 
sary to achieve this increased production, a 
radio tube task committee has been created. 

The committee indicated that existing manu- 
facturing facilities, if fully utilized, are suf- 
ficient to increase production to the extent re- 
quired, in spite of the fact that the lower 
schedules for 1944 were not quite met. 

DR. TERMAN NOW STANFORD U. DEAN 
Dr. Frederick E. Terman has been appointed 
dean of the Stanford University School of 
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Dr. Paul M. Doty, research associate at the ie'' 

Polytechnic Institute of Brooklyn, with the '" 
rayleighometer for determining the shape of 
molecules. Scattering of light principle is used. 
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MODEL 79 -B 
SPECIFICATIONS: 

FREQUENCY: continuously variable 60 to 100,000 cycles. 
PULSE WIDTH: continuously variable 0.5 to 40 microseconds. 
OUTPUT VOLTAGE: Approximately 150 volts positive. 
OUTPUT IMPEDANCE: 6Y6G cathode follower with 1000 ohm load. 
R. F. MODULATOR: Built -in carrier modulator applies pulse modulation to any 

r.f. carrier below 100 mc. 
MISCELLANEOUS: Displaced sync output, individually calibrated frequency and 

pul e width dials, 117 volt, 40 -60 cycles operation, size 14 "x10' "x10 ", 
wt. 31 lbs. 

Price: $295.00 F.O.B. BOONTON Delivery on priority 

MEASUREMENTS CORPORATION 
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BOONTON NEW JERSEY 
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gineering. He is, at present, head of the 
dio Research Laboratory at Cambridge, 
ssachusetts 
Jr. Terrpan has been executive head of 
nford's department of electrical engineering 

ce 1937. In 1941, Dr. Terman served as 
sident of the Institute of Radio Engineers. 

AIRNES BECOMES GALVIN 
OME RADIO CHIEF ENGINEER 
m. E. Cairnes has been appointed chief 
:gineer of the home radio division of Galvin 
inufacturing Corporation. Gus Wallin will 
assistant chief engineer of the same division. 

W. E. Cairnes (1. Wallin 

IPB ISSUES 1945 CRITICAL 
IATERIAL REPORT 
report submitted by the WPB to the FCC 
ering the requirements of the military for 

45, states that aircraft, special and emer- 
ncy services and marine craft will receive 
e bulk of approvals for equipment for 1945. 
The report discloses that WPB is endeavor- 

4 g to equip all planes operating as common 
.1 .rriers with the necessary communication 

I iuipment. Some equipment may be available 
d r other planes used in essential services. 
a It is expected that more equipment will be 
d railable for special and emergency services. 
i,i elease of such equipment is no longer re- 
'n ricted mainly to police systems, but it is 

)W available to public utilities and other 
sers. The use of such equipment will often 
suit :i increased efficiency and pay dividends 

the use of manpower. There may not, 
)waver, he enough equipment to fulfill all 
quirements for essential public ser ices and 
ar industries. 
A number of boats are being made available 

fisheries. Where possible, these boats will 
equipped from existing stocks of equipment. 

o equipment is contemplated for tugs, barges. 
c., or for fresh water fishing vessels. 
In connection with broadcast station equip - 

ient the WPB bas advised the Com- 
Lission that: "Installation of new broadcast - 
,g services will be reviewed with extreme 
ire. All such applications received and show - 
,g that the required equipment was on hand, 
ere approved until the latter part of Decem- 
er. The increasing problem of finding man - 

ower for war industries has made it neces- 
ary to consider the manpower needed to con - 
truct, operate and provide maintenance for 
dditional stations. 
"It is not felt that the general premise that 
,roadcasting is in the war interest' will longer 
uffice to support the use of manpower and 
iaintenance materials for new stations. Ap- 
lications must be critically reviewed from the 
tandpoint of available manpower and the need 
Yr the service to contribute to the war effort. 
be use of manpower cannot be approved 
nless an actual contribution is to be made." 
Certain types of changes in facilities may be 

lade without WPB approval. For instance. 
ew installations costing less than $500 may 

sr e made on shipboard without WPB approval. 
n general, any change not involving con - 

(Continued on page 88) 

1,000,000 CRYSTALS 

Sherron Electronics' Part 
in Postwar Communication 

That a man aloft in a 

plane may be reached 

by phone is no vision; 

ary prospect. it is a 

wartime reality. It will 

be a peacetime 

commonplace . 

Here in the Sherron 

laboratories and factory, we 

have produced custom 

built electronic equipment that is 

serving on every United 

Nations' battlefront. That Is 

our whole job today. Tomorrow 

-well, It Is yet too soon 

to announce a specific postwar 

program. But we are set up to 

help you with your own peace- 

time plans, if they involve 

Television Studio Equipment 

... FM Transmitters . . . 

Induction and Dielectric 

Heating ... or 

other manufacturing 

operations in which 

electronics is indicated. 

NORTH AMERICAN 

PNItIPS COiVPANK INC. 

1000,000' 
QUARtI 

North American Philips Company employees 
with the millionth quartz crystal unit produced 

for the U. S. Army Signal Corps. 

LABORATORY 

DESIGN 

DEVELOPMENT 

MANUFACTURING 

SHERRON ELECTRONICS COMPANY 
Division of Sherron Metallic Corporation 

1201 FLUSHING AVENUE, BROOKLYN 6, N. Y. 

"Where the Ideal is the Standard, Sherron Units are Standard Equipment" 
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10,000 PARTS immediately 
available on priorities. 

SAME -DAY SERVICE 
Trained expeditors fill your 

order the day we receive it. 

SINCE 1922 we have been 
known as reliable and 

responsible jobbers, wholesalers 
and manufacturers, of radio 
and electronic equipment. 

Inc 
Wu) Wire 

7;1visiûn 
100 

AVE DEPT. 
td, HEW 

1O100 13, H ̀ I 

NEWARK, 
H. 1. 

SIXTH 

BOSTON, 

WORLD'S LARGEST 

RADIO SUPPLY HOUSE 

Originators and 
Peacetime .1 irketers 

of the celebrated 

ji1age//eG?Qd0 
Write today for our bargain 
flyers and special bulletins. 

NEWS BRIEFS 
(Continued from page 87) 

struction work and costing less than $500, but 
not requiring the purchase of a transmitter 
or receiver, is allowable. This dollar limit is 
raised to $2,500 in the case of international 
point -to -point stations (which does not include 
international broadcasting). No radio operator 
may start construction which will cost more 
than a fixed amount unless he has WPB 
approval. In most cases, the limit is $200 for 
cost of materials, new equipment and labor. 

McRAE RETURNS TO 
EASTERN AIR LINES 
Colonel Don C. McRae has returned to Eastern 
Air Lines as superintendent of communications 
after serving in the armed forces since May, 
1942. 

Colonel McRae assisted in the coordination 
of airway communications along the North 
Atlantic air routes. He served in the American 
Defense Theatre and the European- African- 
Middle East Theatres. 

H. P. SEGEL MOVES 
Henry P. Segel Company has moved to 143 
Newbury Street, Boston, Mass. Branch offices 
are at 474 Woodland Street, Hartford, Con- 
necticut. 

* * * 

ELECTRO -VOICE SALES REPS MEET 
Recently appointed sales representatives of 
Electro -Voice microphones, attended a three - 

day conference at the plant in South Bend, 
Indiana, several weeks ago. 

Representing Electro -Voice at the confer- 
ence were: Louis Burroughs, chief engineer; 
A. M. Wiggins, research engineer; Albert R. 
Kahn, president; R. W. Augustine, sales 
manager; and Robert E. Seikman, production 
manager. 

Electro -Voice sales representatives at the 
conference were: Art Cerf and Joseph Marsey. 
Art Cerf & Co., New Jersey; J. P. Davenport, 
Michigan; C. L. Pugh, C.L. Pugh Co., Ohio; 
Maitland K. Smith, Georgia; M. D. Patterson, 
Texas; Maury E. Bettis, Missouri; Adolph 
Schwartz, New York; M. D. Ely, Southern 
California; W. C. Mitt, Northern California; 
George D. Norris, Washington; and L. A. de 
Barros, (export agent) Rock International, 
New York. 

Louis Shappe, president of the Shappe- 
Wilkes Advertising Agency, New York, handl- 
ing the Electro -Voice account also attended 
the conference. He declared that advertising 
must place special emphasis on technical litera- 
ture designed to inform. 

Seated, background: M. D. Patterson; Joe 
Mersey; Adolph Schwartz; Leo de Barros; 
Maury Bettis. Standing, background: Bob Seik- 
man; Louis Burroughs; Albert Kahn. Seated, 
foreground: Richard Augustine; Maitland K. 
Smith; J. P. Davenport; Art Cerf; C. L. Pugh. 

* * 

CAPT. DOW NOW DIRECTOR 
OF ELECTRONICS 
Captain Jennings B. Dow, USN, has been 
named director of electronics for the Bureau 
of Ships. Captain Dow has for several years 
headed the radio division of the Bureau. 

F. J. BINGLEY ELECTED 
TBA VICE- PRESIDENT 
Frank J. Bingley, chief television engineer of the Philco Radio and Television Corporation, 
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Specially 
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Heavy Vibration 
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PILOT LIGHT 
Every design detail of this Gothard 
Light counteracts troublesome vibra- 
tion. Jewel holder is threaded into 
body of light and is unscrewed to per- 
mit lamp change from front of panel. 
Bayonet type lamps are used- accom- 
modating a range from 6 to 24 volt 
lamps. The No. 1203 requies only . 

a 1" mounting hole and mounts on 
panels up to A thick. Metal parts 
are all brass, except hex. nut. Heavy 
plated. Available with plain, faceted 
or frosted jewels - in colors : red, 
green, amber, blue, opal or clear as 
specified. Request your copy of the 
Gothard catalog for data on the com- 
plete line of Gothard Lights. 

Look to the 
Leader for 
Leadership 
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I 

elected vice president of the TBA to 
ceed Robert L. Gibson of G.E. Mr. Gibson, 

was recently appointed advertising and 
s promotion manager of the chemical de- 
ment of the General Electric Company 
ed that his new post will take him out of 
et television activity. The vacancy on the 
rd, caused by his resignation, has not been 

. * * 

LI 
LLEJOINS U.M. C. Y C. 

ford Kelley has been appointed electro- 
h apical engineer at Universal Microphone 

Inglewood, CaL He was formerly with 
elfuse, Inc. 

GIALITY CONTROL RATING 
')1 CLAROSTAT 

approved quality control rating has been 
rded for the third time, by the Army Air 
ces, to Clarostat Mfg., Co., Inc., Brooklyn, 
Y. 

ari 

7. 

CK NOW WGL CHIEF ENGINEER 
and J. Beck had been made chief engineer 
arnsworth's broadcasting division, including 

r_ newly acquired station WGL. 
r. Beck was formerly chief engineer of the 
stmoreland Broadcasting Company. He has 

with Farnsworth since 1939. In 1942 he 
appointed chief engineer of the Fort 

yne plant. 

T. & T. F -M BOOKLET 
2 -page brochure covering wide -band trans - 

sion facilities has been released by the 
erican Telephone and Telegraph Company. 

booklet discloses that the Bell System 
ady is furnishing studio -transmitter links 
many f -m stations. These links transmit 
requency band of 15,000 cycles as specified 
the FCC. It was stated that present broad 
d carrier telephone facilities can readily be 
pted for 15,000 -cycle program circuits, if de- 

, by adding special terminal equipment. 
nalyses in the booklet cover network prob- 
s. According to these data the Bell System 

be able to furnish inter -city circuits of 
kind needed including 15,000 -cycle circuits 

hey are required. 
ell System engineers say, too, that if other 
ns than wire circuits should prove better, 

more economical for f -m program transmis- 
, these systems will be used, citing as evi- 
ce A. T. & T.'s projected microwave radio - 
y system between New York and Boston. 

* * 

A THEATRE TELEVISION 
NDBOOK 

.handbook, "Theatre Television Handbook for 
jectionists" has been prepared by the RCA 

(Continued on page 90) 

CMDR. WASSELL AT LEWYT PLANT 

To correctly seal transformers and filters it is highly impor- 

tant to select the right terminal for each particular design. 

Relationships between electrical and mechanical requirements, 

space limitations and overall specifications are all important 

in the achievement of good performance - every factor must 

be given careful and detailed consideration. 

Here at ADC, we use many types of terminals for hermetic 

sealing - making a point to use each where best suited. It 

takes a little more effort to produce final designs this way, 

but after all, knowing they're right for the jobs they have to 

do is what counts most with us and with you. 

SEND FOR LATEST CATALOG! 

,mmander Corydon M. Wassell, USNR, ni 
r. Wassell" fame, with Alex M. Lewyt, pres- 

mt of Lewyt Corporation, during a Navy and 
d Cross rally at the plant. Lewyt employees 
and Dr. Wassell discuss communications' major 

role in the war. 
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 They were mighty tough before Pearl Har- 
bor, and they are now still tougher, these 
Type "05" Aerovox oil -filled Xmitting capaci- 
tors, because of their service on many Light- 
ing fronts. You'll have these heavy -duly ca- 
pacitors available for your bigger and better 
"ham" rigs or electronic assemblies just as 
soon as Uncle Sam releases them for your 
use. Remember Aerovox "05" Hyvols. 

Convenient, moderate- priced oil -filled ca- 
pacitors. 

Reinforced round metal can. Hyvol im- 
pregnant and fill. 

600 to 3000 volt D.C.W. ratings. Capaci- 
tance ratings from 1.0 to 4.0 mfd. depend- 
ing on voltage. 

immersion -proof terminals with "double 
rubber bakelite," porcelain pillar insu- 
lator, lug and locking nuts. 

Adjustable mounting ring for upright or 
inverted mounting. 

Ask your jobber about these Aerovox "05" 
Hyvols now available on suitable priorities, 
but generally available after V -day. 

NEWS BRIEFS 
(Continued from page 89) 

Service Company for theatre managers and 
projectionists. 

Although the contents are primarily devoted 
to technical discussions of the reception and 
large- screen projection of television programs, 
several chapters deal with such non -technical 
subjects as television commercial possibilities, 
the handling of programs, and audience re- 
sponse. 

Technical data covers a review of electrical 
fundamentals of video circuits, sweep and syn- 
chronizing circuits, and the operation of a 
television system. The theory and operation 
of diodes and rectifiers, voltage amplifiers, and 
limiters are also explained. 

The book will be mailed without charge to 
theatre owners, managers, and projectionists 
upon request to the RCA Service Company, 
Inc., Camden, N. -f. 

WCEM ELECTS THOMAS PRESIDENT 
Howard Thomas, general manager of Packard 
Bell Company, was elected president of the 
West Coast Electronics Manufacturers' Asso- 
ciation at the recent annual meeting. 

Other officers elected were: Lew Howard, 
Peerless Electrical Products Co., vice president; 
and James L. Fouch, president of Universal 
Microphone Co., treasurer. 

A council which will include the officers, and 
former president H. L. Hoffman; Dave Marcus, 
manager of Electronic Specialty Co.; Frank 
Fisher, Radiation Products, Inc., and Ashford 
Wood, of Littelfuse, Inc., was also formed. 

NORTH AMERICAN PHILIPS 
BULLETINS 
Twu booklets, covering the Norelco Geiger - 
Counter x -ray spectrometer and x -ray dif- 
fraction techniques, respectively, have been an- 
nounced by North American Philips Company, 
Inc., 100 East 42nd Street, New York. 

Under optimum conditions of resolution, an 
accuracy of ±0.03 of a degree i3 said to be ob- 
tainable. 

Included also are data on methods of opera- 
tion, and specifications for the spectrometer 
proper, transformers, stabilizer, scaling unit, 
power supply, frequency meter, impulse coun- 
ter, Geiger unit, and x -ray tube. 

X-ray diffraction techniques and applications 
data appear in a 12 -page booklet. 

Diagrams, typical diffraction films, and sev- 
eral tabulations are supplied. 

The booklet also catalogs specific problems 
that can be handled for alloys, asbeatos, car- 
bon, case hardening, cellulose, cold - rolled steel, 
dry cells and batteries, electric silicon steel, 
paper and parchment, plastic film, resin, re- 
sistance alloys, rubber, tungsten, waxes- and 
waxed papers. 

An 8 -page folder titled "Some Problems In- 
fluencing the Drawing of Fine Wires" by H. P. 
Edinga, wire division manager, has also been 
released by North American Philips. It is a 
reprint of a technical paper presented before 
the annual meeting of the Wire Association at 
Pittsburgh. 

The folder covers drawing problems particu- 
larly with respect to the cold -drawn types. 
Machines, labor, lubrication, diamond dies and 
production output are a few of the items men- 
tioned in the discussion. 

tt 

SCHWENKER JOINS BENWOOD LINZE 
Jack F. Schwenker has been named manager 
of the new Chicago office of Benwood Linze 

HANDIE TALKIE AT ROSE BOWL 

INDIVIDUALLY TESTED 

AEROVOX CORP., NEW BEDFORD, MASS., U. S. A. 

In Caria la: AEROVOX CANADA LTD . HAMILTON, ONT. 

Export: l3 E. 40 ST.. NEW YORK 16, N.Y.. Cable:'ARLAB' 
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(Courtesy Motorola) 
Captain C. F. Morris (left) and Chief Neil F. 
Anderson of the Pasadena (California) police 
force directing traffic with a handie- talkie at the 

Rose Bowl game. 
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* THE PORTABLE LAB - 

THAT GIVES YOU- 

rein thlin9! 
* Design proven by over S years 

production of thousands of this 
model. 

* Operation as simple as ABC. Mul- 
tisection push -button switches do 
all work. Simply "follow the ar- 
rows" for ' tube checking. No 
roaming test leads for the multi - 

meter. 
* Open face wide scale 41/4 -inch 

rugged meter built especially for 
this tester -500 microampere sen- 
sitivity. 

* Each AC and DC range individu- 
ally calibrated. 

* Professional appearance. Solid 
golden oak carrying case. 

* Guaranteed Rectifier. 

SPECIFI CA LIONS 
DC MICROAMPERES: 

0.500 
DC MILLIAMPERES: 

0.2.5.10.50.250 
DC AMPERES 

0.1.10 
DC VOLTS -1000 OHMS PER VOLT: 

0.5.25.100.250.500.1000.2500 
AC VOLTS 

0.5.10.50.250.1000 
OUTPUT VOLTS: 

0.5.10.SO- 250.1000 
OHMMETER: 

0.200.2000. 20,000 OHMS 0.2.20 MEGOHMS 
BATTERY TEST: 

Check Dry Portable 'A' and n" Bat- teries Under Load 
CONDENSER CHECK: 

Electrolytics checked on English Reading Scale at Rated voltages of 25.50.100- 200.250.300 -450 volts. 
TUBE TESTER: 

Emission type with noise test, floating, filaments, easy chart operation. Checks all ree ^lving type tubes. 
POWER SUPPLY: 

115 volts 60 cycle. Special voltage and frequency upon request. 

SUPREME INSTRUMENTS CORP. 
Gre,nanoJ, bliss., Gr.S.A. 
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ectrioal Manufacturing 
issouri. The Chicago address is 20 North 
acker Drive. 

Company, St. Louis, 

(RIGHT RETIRES FROM , 

ELECTRIC SPECIALTY 
ohn M. Wright, has retired as president of 
lectric Specialty Company, Stamford, Conn. 

)avid G. Shepherd succeeds Mr. Wright as 
laresident. W. H. Haines, sales manager, has 
een elected vice president and general sales 
anager. 

P -B X -RAY FOLDER 
to 8 -page booklet with data on the .postwar 
possibilities of x -ray and other scientific testing 
equipment has been published by Triplett & 

3arton, Inc., Burbank, Calif. 
Issued to those making request on company 

etterhead. * . .. 

OWEN NEW AEROVOX PRESIDENT 
V. Myron Owen has become president of the 
lerovox Corporation. Mr. Owen recently re- 
igned the vice presidency of the Detroit 
3arvester Company, of which he remains a 
Lirector. He is also a director of Duncan 
electrical Mfg. Co., the Chicago Rivet & 

Machine Co., and the Seneca Falls Machine Co. 
. Associated with Mr. Owen is Stanley Green 

gjvho is now vice president and chief engineer 
f Aerovox. Samuel I. Cole, retiring Aerovox 
resident, remains as general manager. Sam - 
el Siegel, who was vice president, remains 
ith the company ns director of purchases. 

R. H. MAYER ADDRESSES THE 
CEDAR RAPIDS IRE 
Rollins H. Mayer. chief engineer of The 
Turner Co., Cedar Rapids, Iowa, analyzed The 
Sinise Cancellation Differential Dynamic Micro- 
phone at a recent meeting of the Cedar Rapids 
section of the Institute of Radio Engineers. 

NAME CHANGE #FOR TECKNA 
The Teckna Plastic Company, 223 -01 Northern 

(Continued on page 92) 

GEN. INGLES AT HALLICRAFTERS 

Major General H. C. Ingles, Chief Signal Offi- 
cer (right), during a visit to Hallicrafters. Left 
to right: Herbert Hartley, works manager, and 
William J. Halligan, president of Hallicrafters. 

peni develops p 

volume production 

of improved Hermetic Seals 

Conforming to Army -Navy requirements 
for critical field conditions 

Transformers, condensers, relays, vibrators 

and various component parts can now be 

protected against heat and tropical humidity, 

salt spray, sand infiltration, fumes, fungus 

attack and other varied conditions that cause 

sensitive equipment to fail under critical 
conditions. 

In the laboratories beyond Sperti, Inc., tech- 

niques have been discovered which permit 
volume production of improved Hermetic 

Seals at low cost, safeguarded . by unique in- 

spection methods. 

Principal features of the improved Sperti 

Hermetic Seal are: 

1. Small, occupies little space, one piece, no other 

hardware needed, simple and easy to attach. (Solder- 

ing temperature not critical.) 

2. Vacuum tight hermetic bond, hydrogen pressure 

tested for leaks. 

3. Resistant to corrosion. 

4. High flash -over voltage. Does not carbonize. 

S. Insulation resistance, 30,000 megohms, minimum, 

after Navy immersion test. 

6. Thermal operating range -70° C. to 200° C. Will 

withstand sudden temperature changes as great as 

140° C. 

Wire or phone for information, today. Give as 

complete details as possible so that samples and 

recommendations may be sent promptly. 

RESEARCH, DEVELOPMENT, MANUFACTURING, CINCINNATI, OHIO 
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A link between control and 
variable circuit element, shaft 
coupling design can be an im- 
portant factor in proper func- 
tioning of electronic equipment. 

Illustrated are but three of 
many Johnson insulated shaft 
couplings; among them units 
providing a high degree of flex- 
ibility but freedom from back- 
lash common to others resemb- 
ling them; rigid types where ac- 
curate shaft alignment is re- 
quired and torque may be high; 
bar types for high voltages or 
very high frequencies. All are 
characterized by best steatite 
insulation properly proportioned 
far electrical and mechanical 
strength, by accurate metal 
parts finished to stand salt 
spray test, and by those little 
evidences of Johnson engineer- 
ing and manufacturing skill that 
are most appreciated only after 
use and comparison. 

Ask for catalog 968(E) 

E F Johnson Co. Waseca, Minn 
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NEWS BRIEFS 
(Continued from page 91) 

Boulevard, Bayside, L. I., N. Y., fabricators of 
plastics, and product- engineers, has changed its 
name to the Teckna Company. 

COMAR ELECTRIC CATALOG 
A four -page circular describing relays, switch- 
es, condensers and coils has been released by 
Coniar Electric Company, 2701 Belmont Ave., 
Chicago 18, Illinois. 

GLENN -ROBERTS COMPANY MOVES 
The Glenn - Roberts Company has moved to a 
new plant at 3100 East 10 Street, Oakland 1, 
California. 

* 

WILSON NOW PHILIPS 
CRYSTAL UNIT MANAGER 
Wesley L. Wilson has been appointed com- 
mercial manager of the quartz crystal division 
of North American Philips Company, Inc. 

NEWARK ELECTRIC OPENS 
N. Y. STORE 
A New York City branch at 115 W. 45 St., has 
been announced by the Newark Electric Com- 
pany, 323 W. Madison St., Chicago. 

The new unit will be known as the Newark 
Electric Co., Inc., and will have as its presi- ' 
dent, Adolf Gross. For the duration, Mr. 
Gross continues as consultant to and pur- 
chasing agent for the ERSA. Stanley Cojala 
will be manager of the store, and Edward 
Cornfield will also participate in store activities. 

Sam Poncher is president of the Chicago 
unit. 

Sam Poncher 

IT'S NOW BITTAN -NEVINS CO. 
The D. R. Bittan Sales Company, 53 Park 
Place will hereafter be known as the Bittan- 
Nevins Co. Irvin Nevins and Dan R. Bittan 
are partners in the company. 

MAGNAVOX OPENS CHICAGO OFFICE 
The Magnavox Company has opened a Chicago 
office at 737 North Michigan Avenue, with 
Ray Olson in charge. 

Telephone number of the new office is 
Delaware 1707. 

J. W. CHAPLIN IN NEW PRESS 
WIRELESS POST 

Joseph W. Chaplin has been named director of 
communications for Press Wireless, Inc. Mr. 
Chaplin succeeds D. K. deNeuf, who recently 
resigned. He is a former world champion tele- 
grapher. 

G. E. APPOINTMENTS 
Howard K. Smith, formerly in the federal and 
marine divisions of the G. E. apparatus de- 
partment, has been appointed assistant to 
A. A. Brandt, general sales manager. 

J. M. Lang has been appointed assistant 
manager of the Ken -Rad division of G. E. 

L. R. O'Brien and R. W. Metzner, former 
executives in the Ken -Rad Tube and Lamp 
Corporation, will serve as sales managers in 
the G. E. tube division. 

Mr. O'Brien will be in charge of equipment 
tubes, and Mr. Metzner will be sales manager 
of replacement receiver tubes. 

Claude J. Hendon has been appointed man- 
ager of sales in the G. E. tube division. 

STEPHENS WINS HUDSON - 
AMERICAN PROMOTION 
Henry A. Stephens has been appointed man- 
ager of Hudson American Corporation's newly 
created advertising and public relations divi- 
sion located at 331 Madison Avenue, New York. 

* 

OVER 600 MILLION RESISTORS 
SHIPPED IN 1944 
The fixed and variable resistors industry 
shipped 398,361,000 resistor units valued at 
$35,066,000 in 1943 and 600,496,000 units valued 
at $48,060,682 in 1944, WPB revealed recently. 
The average cost per resistor ranged from 
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TECHNICAL 
NOTES 

Excerpts from Nety Home Study 
Lessons Being Prepared 

under 
the Direction of the CREI 

Director of Engineering Texts 

Engineers ! 
Send for This FREE 

Series of Articles on 

CIRCUIT 
EQUIVALENTS 

CREI has just released Part 
VI in a series of articles on the 
subject of "Circuit Equivalents." 
The topic under discussion should 
prove particularly interesting, 
both to the audio and the radio 
engineer, because transformers 
of the audio and r.f. types 
are analyzed. Specifically, the 
question of reflecting a secondary 
load across the primary, as in 
the case of audio transformers, 
or in series with the primary, as 
in the case of r.f. transformers, 
is discussed just so that the en- 
gineer may appreciate that these 
two viewpoints are in harmony 
with one another. Which one is 
employed is merely a question of 
circuit convenience. 

The above is but one of a 
variety of topics that are dis- 
cussed in this interesting series 
which appear monthly in our 
publication, THE CREI NEWS. 
This little paper is sent free to 
interested subscribers. Merely 
send us your name and address 
and ask for the March issue of 
the CREI NEWS, including the 
article on Circuit Equivalents. 
This will come to you free of 
charge and you incur no obliga- 
tion whatsoever. 

The subject of "Circuit Equivalents" 
is but one of many that are being 
constantly revised and added to CREI 
lessons by A. Preisman, Director of 
Engineering Terts, under the per- 
sonal supervision of CREI President, 
E. H. Rietzke. CREI home study 
courses are of college calibre for the 
professional engineer and technician 
who recognizes CREI training as a 
proved program for personal advance- 
ment in the field of Radio -Electronics. 
Complete details of the home study 
courses sent on request . . . Ask for 
36-page booklet. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

E. H. RIETZKE, President 
Home Study Courses in Practical 

Radio -Electronics Engineering for 
Professional Self- Improvement 

Dept. CO -2, 3224 -16th St., N.W. 
WASHINGTON 10, D. C. 

Contractors to the U. S. Navy -U. S. 
Coast Guard -Canadian Broadcasting 
Corp. - Producers of Well- Trained 

Technical Radiomen for Industry 
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in August 1943, to 7.1c in January, 1945, 
duction of 31 per cent. 

* * * 

EFSON AND JONES PROMOTED 
SYLVANIA 
Bennett S. Ellefson has been appointed 
tant to the vice president in charge of 
neering, Sylvania Electric Products, Inc. 
office is located at Sylvania Center, Bay- 
Long Island. 

alter R. Jones has been assigned to the 
y created post of general engineering 
ager for radio receiving tubes at Sylvania. 
Jones was formerly manager of commercial 

-veering. 

RADIO SPEAKERS -` 

Ailall aNdicatianá 

t Dr. B. S. Ellefson 
r 

W. R. Jones 

FEE DISTRIBUTION FOR 
RDIO ENGINEERS' DIGEST 
Ill Hudson American Corporation have an- 
:iced that The Radio Engineers' Digest will 

-after be distributed without charge. 

# 'INCHARGER BUYS 
.l'TOMATIC RECORD PATENT 

Benjamin patent (1,841,593) for automatic 
,nograph record changers has been pur - 
>ed by the Wincharger Corporation, Sioux 
-, Iowa. 
ie patent is said to basically cover drop 

t,inter- 
mixing record changers, permitting 

l.ling of either 10" or 12" records, or a 
ure of both sizes, without requiring any 
stment. 

* 

BINSON' JOINS ARHCO 
Homer (Robby) Robinson lias been ap- 
ted vice president and general sales man - 

of the American Radio Hardware Corn- 
, Inc., 152 -4 MacQuesten Parkway South, 
nt Vernon, New York. 

Robinson was formerly with National 
Radio Corp. as district manager, export 

advertising manager, and more recently 
ral sales manager. 

r. 

Recently expanded production facilities 
combined with complete engineering "know - 

how" enable Consolidated Radio Products 

Co. to supply the finest radio speakers 

available. Speakers can be furnished in the 

following ranges: 

Dynamic Speakers from 2 inches to 18 inches 

Permanent Magnet Speakers from 2 inches to 18 inches 

Headsets 

BEGINS BUILDING -FUND 

MPAIGN 
Institute of Radio Engineers recently 

gurated a campaign for the raising of 
000 for a building fund, in anticipation of 
war expansion of its service to the elec- 
ic and communication industries. 

and lfedúmz 
TRANSFORMERS 

Consolidated Radio is also a nationally 

known manufacturer of small and medium 

transformers including Pulse Transformers, 

Solenoid and Search Coils. 

e e e 

R BUILDS AIRPORT RADIO SHOP 
airport service station for aircraft radio 
just opened at the Grand Rapids, Michi- 
Municipal Airport, by Lear, Incorporated. 
Sagert is in charge. 
e shop has two shielded testing rooms, 
for the service of all types of automatic 

ition finders only, and the other for the 
ng of aircraft receivers and transmitters. 

* * * 

Engineering service is available to design 

transformers and speakers for special appli- 

cations, or to your specifications. 

AWARDS 
Army -Navy "E" award has been won by 
mercial Radio -Sound Corp., 570 Lexington 
ue, New York 22, N. Y. A. Lincoln Bush 

Mbresident of the company. 
'rco Radio Laboratories, Inc., Hempstead, 

(Continued on page 94) 
COMMUNICATIONS FOR FEBRUARY 1945 93 www.americanradiohistory.com

www.americanradiohistory.com


Specialists 
in... 
FEATHER 
EDGING 

COPPER 
MACHINE 
PARTS 

an RADIC 
TUBE 

Why not try us? 

We also do plastic injection 
molding up to 6 ounces 

THE No. 90505 
SECONDARY FREQUENCY STANDARD 
A Precision Frequency Standard for both Labora- 
tory and production uses. Designed around the 
GE crystal, having a frequency temperature 
coefficient of less than 1 cycle /Mc IC °. Th 
crystal is sealed in a standard metal tube envel- 
ope. Adjustable output provided at intervals of 
10, 25, 100, and 1000 KC with magnitude useful 
to 50 MC. Harmonic amplifier with tuned plate 
circuit and panel range switch. 800 cycle modu- 
lator, with panel control switch. Panel plate 
supply control switch. In addition to Oscillators, 
Multi- vibrators, Modulators, and Amplifiers, a 
built -in Detector with 'phone jack and gain 
control on the panel is incorporated. Self - 
contained AC power supply with VR 150 -30 
voltage regulator. Cabinet size 9" x 95 /e" x 
101/2' , weight 20 lbs. 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 

NEWS BRIEFS 
(Continued from page 93) 

I.. 1., N. Y., has received a second star for 
their "E" pennant. 

A third star has been added to the "E" 
flag of RCA Laboratories at Princeton, N. J. 

A fourth white star has been awarded to the 
Bayonne, N. J., plant of the Solar Manufac- 
turing Corp., and the Cambridge, Mass., plant 
of General Radio Company. 

ROY S. KERCHER JOINS GRAYHILL 
Roy S. Kercher has been named chief electrical 
engineer of Grayhill, La Grange, Illinois. 

Mr. Kercher was formerly with the Furnas 
Electric Company. 

JACK GEARTNER JOINS ECA 
Jack Geartner has been appointed sales man- 
ager of the Electronic Corporation of America, 
45 West 18 Street, New York. 

Mr. Geartner was formerly assistant sales 
manager and advertising director of Emerson 
Radio & Phonograph Corp. 

WESTON TEST INSTRUMENT DATA 
An 8 -page booklet covering an industrial 
circuit tester arid other test instruments has 
been published by the Weston Electrical In- 
strument Corporation, Newark 5, New Jersey. 

r e . 

ROBINSON VIBRATION CONTROL 
BOOKLET 
A 16 -page booklet discussing vibration control 
has been published by Robinson Aviation, Inc., 
730 Fifth Avenue, New York 19, N. Y. 

Various types of Robinson shock mounts 
for instrument panels and equipment are de- 
scribed. Vibration absorption curves are also 
presented. 

* * 

E -I SEALED TERMINAL LEAFLET 
Hermetically- sealed terminals are described 
in a leaflet released by Electrical Industries, 
Inc., 42 Summer Avenue, Newark 2, N. J. 

TELEX HEARING AID DATA 
Hearing aid design, development and ap- 
plication, is analyzed in a 24 -page booklet, 
released by Telex Products Company. Telex 
Park, Minneapolis, Minn. 

UNITED ELECTRIC THERMOSTAT 
BULLETIN 
A 4 -page bulletin covering type K thermostats 
for control devices between -120° and 600 °F 
has been published by the United Electric 
Controls Company, 69 -71 A Street, Boston 27, 
Massachusetts. 

* r 
B. J. THOMPSON DEAD 
B. J. Thompson, associate research director 
of RCA Laboratories, was killed recently dur- 
ing flight in an Army plane in the Mediter- 
ranean area. 

(Continued on page 104) 

AT EPEM LUNCHEON 

At a recent luncheon of the Electronic Parts and 
Equipment Manufacturers ( formerly the Sales 
Managers Club, Western Division) in Chicago. 

ARPIN PRODUCTS, Inc. 

422 Alden St. Orange, N. J. 

Waned 
ENGINEERS 

z. 

Radio 

* Electrical 

Electronic 

* Mechanical c 

* Factory Planning 

Materials Handling 

Manufacturing Planning 

Work in connection with the manufac 
ture of a wide variety of new and ad 
vanced types of communications equips 
ment and special electronic product' 

Apply for writes, giving 
full qualifications, to: 

R.L.D., EMPLOYMENT DEPT.,!,! 

Western Electric : Co' 
100 CENTRAL AV., KEARNY, N. 

*Also: C. A. L. 
Locust St., Haverhill, Masi 

Applkants must comply with WMC reiulatlem 

.4 COMMUNICATIONS FOR FEBRUARY 1945 
www.americanradiohistory.com

www.americanradiohistory.com


HE INDUSTRY 

dFFERS ... - 
R. 400 -CYCLE VARIAC 

4W-cycle, 5- ampere Variac, type 60 -A, for 
-volt use, was recently developed by Gen - 
1 Radio Company, 275 Massachusetts Ave- 
, Cambridge 39, Mass. Rated nominally at 
cycles, can be used at any frequency be- 
en 400 and 2600 cycles. The rating is 860 
t- amperes. Output voltages up to 135 volts 

obtainable with 115 -volt input. A new 
of brush and radiator construction is said 

be used so that brushes, when necessary, 
be changed in a few seconds. 

oailable either with or without case. The 
rail height is 4w'; overall diameter 53/, ". 
t weight is 3% pounds cased; 3 pounds, 2 
ces without case. 

.E. LICENSES TAYLOR TUBES 
e General Electric Company has granted a 
ense to Taylor Tubes, Inc., 2312 Wabansia 
ve., Chicago, to manufacture grid - controlled 
ctifier tubes. 
As a result of this license, Taylor has placed 
o new tubes into immediate production. They 
e the TT -17 and the 873. The former is 
imparable to the GE -FG17 and the latter is 
1 872A with an added grid control. 
Specifications of the TT -17 are: Filament, 
5 -volts a -c at 5 amps; inverse peak plate 
ate volts, 5,000 volts d -c at 2 amperes; aver - 

!Re plate current, Y2 ampere; negative start - 
grid voltage; mercury -vapor type; size, 

"x2{ii "; small 4 -pin ceramic base with fila- 
ent and grid connection to pins. 

* * 

:ML STROBOSCOPE 
stroboscope that is said to permit studies of 

uary speeds from 600 to 600,000 rpm or vi- 
ations from 10 to 10,000 cps has been an- 
>unced by Communication Measurements 
,tboratory, 120 -24 Greenwich Street, New 
ork. 
The model, 1200, uses a light source mounted 

a small probe at the end of a 5 -foot flexible 
Lble. Provision is made to operate the unit 
om external tuning fork or crystal standards. 

,pi A light intensity control switch is also ero- 
ded. This enables the user to control both 

ids to intensity of the light and the duration of 
ie pulse length. 

.d0( 

ISSOCIATED RESEARCH GROUND 
IESISTANCE TESTER 
.Ow and high - ground electrical resistance test - 

(Continued on page 96) 

Tank circuit assembly with 
B Q W condenser and 
integrally - mounted coil. 

REALLY BETTER ... BECAUSE 

THEY'RE REALLY DIFFERENT 
It pays to plan ahead for 
real, honest -to- goodness 
variable condenser effi- 
ciency for your product! 
Because they are half the 
length of conventional dual 
units, and because they are 
designed for built -in neutral- 
ization, B & W Type CX 
Heavy Duty Variable Con- 

densers sometimes call for 
slight changes in the physi- 
cal design of the product 
in which they are incorpo- 
rated -but what a whale of 
a difference their perfect 
electrical design symmetry 
makes in its performance! 
Write for Variable Con- 
denser Catalog 75 -C. 

Miniature 
R -F INDUCTORS 

Write for 
FREE SAMPLE 

B & W Miniductors in diameters from 
1/2" to 1%" are the answer to countless 
engineering calls for rugged, finely 
made little coils for all sorts of r -f 

applications. We can supply them with 
any type of mounting, in any length, in 
any winding pitch from 4 to 44 t.p.i., 
and with either fixed or variable internal 
or external coupling links, and a large 
variety of other special features. Q is 
amazingly high. Write for Miniductor 
Catalog 78 -C. 

BARKER & WILLIAMSON 
Dept. C- 25.235 Fairfield Ave., Upper Darby, Pa. 

Exclusive Export Representatives: lindeteves, In c., 10 Rockefeller Plaza, New York, N.Y., U.S.A. 
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THE INDUSTRY OFFERS ... 
( Continued front page 95) 

mg is provided by a unit, the 255 Vibroground, 
manufactured by Associated Research, Incor- 
porated, 231 South Green St., Chicago 7, Illi- 
nois. 

Has four ranges 0 -3, 0.30, 0 -300,0 -3000 ohms. 
Supplied with self - contained power supply 
which eliminates hand cranking. Direct read- 
ings are provided. Design is said to exclude 
strays from high potential networks, d -c 
ground currents, or any a -c commercial fre- 
quencies. 

ALLIED 60 -WATT P -A SYSTEMS 
All -purpose 60 watt p -a systems have been an- 
nounced by Allied Radio Corporation, 833 West 
Jackson Blvd., Chicago 7, Illinois. 

Ampiifier has four individually -controlled 
microphone channels, two individually-con - 
trolled phono channels, universal output for 
matching any arrangement of speakers, in- 
dividual controls for high and low frequencies. 
Available separately or with any combination 

f speakers and microphones, depending upon 
individual requirements. 

Peta«ee 
MAGNETS 
Thomas & Skinner 

ALL SHAPES... ALL SIZES 
Cobalt Chrome Tungsten 
Stamped, Formed or Cast. 

ALNICO 
(Cast or sintered, under G. E. license) 

Also: LAMINATIONS for output trans- 

formers of highest permeability. Stand- 

ard stocks in a wide range of sizes for 

Audio, Choke, Output and Power 

Transformers. Write for dimension 

sheet. ... TOOLS . . . DIES . . . 

STAMPINGS . . . HEAT TREATING. 

44 YEARS' SPECIALIZED EXPERIENCE 

Thomas & Skinner 
STEEL PRODUCTS CO. 

1113 E. 23rd St , Indianapolis 5, Ind 

* Just turn those tight -tolerance re- 
sistor requirements of yours over 
to CLAROSTAT, just as other in- 
strument- makers have been doing 
for years past. 

Remember, CLAROSTAT special- 
ists offer over two decades of wind- 
ing experience, outstanding skill, 
and exclusive winding facilities. 
They wind all wire sizes even down 
to .0009" dia. Windings as fine as 
600 to 700 turns per inch, on bake - 
lite, ceramic or other material, flat 
or round. Also string windings in 
fibre glass, and cord. 

* Submit your 
problem . . . 

Solving your resistance and control problems 
is our business. Call on us for engineering 
collaboration, specifications. quotations. 

CLAROSTAT MFG. CO., Inc. 285.1 N. 6th St., Brooklyn, N.Y. 
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THREE -INCH C -R TUBE SHIELD 
A shield for 3" cathode -ray tubes, M -996a, has 
been developed by Metallic Arts Company, 243 
Broadway, Cambridge 39, Massachusetts. 

Shield is said to provide protection against 
vibration and shock with a shock absorbing 
cushion built into the clamp ring and by a 
gum rubber gasket around the tube face. 
Mechanical protection for the tube is provided 
by a transparent screen, available in either 
plain or colored lucite. The shield body, 
formed of Mu- metal, is cadmium plated, and 
has a blue -baked wrinkle outside finish. 

S -D LATCH INTERLOCK RELAYS 
Two -coil relays 50XB °, are now available from 
Struthers -Dunn, Inc., 1321 Arch Street, Phila- 
delphia 7, Pa. 

Relays are said to use a positive interlock 
between two symmetrical operating elements 
which represents latch -in relay construction. 
This latch operates from a momentary impulse. 
Application of power to one coil latches the 
contacts into one position. Power then applied 
to the other coil throws the contacts into a 
latched -in second position. A third "matched" 

1945 

When 
This War 

Is Won 
Then will be the time to 
talk about your Radio 
Antenna needs. 'Til 
then, we've all a big 
job on our hands that 
requires every facility 
at our command. 

remax f'rocaluc1s 
Division Chisholm -Ryder Co., Inc. 

4501 Highland Avenue, Niagara Falls, N. Y. 
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position, for certain applications, can be ob- 
tamed by energizing both coils simultaneously. 

Relays are produced in ratings from 6 to 
200 amperes or more, and with practically any 
esired contact arrangement. Standard types 
ovide for two auxiliary contacts, one in each 

oil circuit. The use of auxiliary contacts 
akes it possible to obtain operation over wide 

ranges of voltages, a -c or d -c. 
Size of one type of these relays, 50XBX103, 

having double -pole, double -throw main con - 
acts, and rated at 6 amperes at 24v d -c is axe" 
ong; 1A" high; and 1W' wide. 

RCA AUDIO CHANALYST 
A new model of the audio chanalyst has been 
announced by the RCA Victor Division of 
RCA. 

This model, 170A, is said to provide testing of 
any point of a sound system from microphone 
to speaker, serving in emergencies as a bridg- 
ing unit to substitute for the defective section 
of an inoperative amplifier. 

The chanalyst contains a calibrated high -gain 
amplifier useful for signal tracing, tube check- 
ing and gain measurements. It supplies its 
own test signal from a built -in beat- frequency 
oscillator, which can be operated by an internal 
auxiliary sweep circuit for checking multiple 
speaker installations. 

The voltohmyst included as one of the chan- 
nels is said to have been modified for flat, 
linear measurement of audio frequencies. 

An impedance tester and a high -speed elec- 
tronic indicator is also included. 

Does Your 
Postwar Design Problem 

Call for Better Acoustical 

Reproduction? 

AMPERITE DELAY RELAYS 
A thermostatic metal -type delay relay with 
porcelain heater providing delays ranging from 
1 to 120 seconds has been developed by Amper- 
ite Co., 561 Broadway, New York 12, N. Y. 

Relay is also said to be compensated for 
ambient temperature changes from - 40° to 
110 °F. Contact ratings up to 115 volts, 10 

amperes, a -c. Hermetically sealed. Octal radio 
base. Circuits available are spst normally open; 
spst normally closed. 

STACKPOLE INSULATED RESISTORS 
Insulated resistors, type CM. available in 
%- (RC -10); %- (RC -21); and 1 -watt (RC -30) 

(Continued on page 98) 

Permoflux Acoustical Devices have brought vital 

improvement to numerous wartime communication 

projects. Many of these developments will soon be 

available for the betterment of designs now on your 

own planning boards. Our engineers will be pleased 

to confer with you at any time. 

BUY WAR BONDS FOR VICTORY! 

PERm 

TRA RK 

FLUX 
PERMOFLUX CORPORATION 
4916 -22 W. Grand Ave., Chicago 39, III. 

PIONEER MANUFACTURERS OF PERMANENT MAGNET DYNAMIC TRANSDUCERS 
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/T S 
ul1t1CHARGER 

TOWERS 
f 0 R S Ó i %E P011aRA D / 0 
ANDf M. SYSTEMS 
For their outstanding Radio 
Communication System, the 
New Jersey State Police use 
Wincharger Towers exclu- 
sively as supports for F -M 
Antenna. "They and hun- 
dreds of otherstafiierís i 
all types of broadcasting 
know that they depend on 
Wincharger for --- 

* Strong, Clear Signals 

* Low Initial Cost 

* Pleasing Appearance 

* Low Maintenance 
Immediate deliveries on suit- 
able priorities. Write or wire 
for full information. 

NAVY 

BONDS -°°ß lu III(151f N FOR '"rO 

VICTORY/¡ `'"ó "° 1AI, 

and VERTICAL RADIATORS 
WINCHARGER CORPORATION SIOUX CITY.IOWA 
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sizes in all required ranges are now being pro- 
duced by Stackpole Carbon Company, St. 
Marys, Pa. 

PERMOFLUX SPEAKERS 
Loudspeakers in the 2" to 15" size have been 
announced by Permoflux Corporation, 4900 
West Grand Avenue, Chicago 39, Illinois. 

Speakers are said to be true dimensioned, 
with diaphragms graduated in IA" steps up to 
and including 7%" with other standard sizes 
up to 15 ". Speakers will provide power handl- 
ing capacities from 1 to 20 watts, with acous- 
tical output in 2 -db steps. 

Speakers are said to use a new magnetic 
alloy 

WARD LEONARD PLUG -IN ENCASED 
RELAY 
A plug -in type relay enclosed in a metal can 
and fitted with a standard octal -plug base has 
been announced by Ward Leonard, Mt. Ver- 
non, N. Y. 

Relay mechanism is encased in a cylindrical 
metal housing 2h" in diameter and 3l/f3" high. It is said to be supported against shock by 
means of a key in the center of an insulating 
disc that fits in the top of the case. 

Double -pole, double -throw contacts are rated 
4 amperes at 115 volts, 60 cycles a -c and at 24 
volts d -c, % ampere from 25 to 115 volts, d -c. 

G.E. PARALLEL -PLATE CAPACITORS 
High- frequency, water -cooled parallel -plate ca- 
pacitors, for use in the resonant circuit, or 
tank circuit of high -fre ,uency electronic oscil- 
lators have been announced by G. E. When 
connected in parallel with an inductance coil, 
this capacitor, type HFP, completes the 
resonant circuit which determines the fre- 
quency of the oscillator. 

In this application the capacitors are oper- 
ated at relatively high voltages and may be 
required to carry heavy currents continuously 
at frequencies up to several megacycles. Units 

1945 

PLASTIC 
NAME 

PLATES 

Impervious to moisture, grease, 
' oils, acids, alkalis. 

Printing guaranteed not to wash 
or rub off. 
Non- inflammable, non - corrosive 
plastic. 
Printed and laminated vinylite and 
cellulose acetate. 

SAMPLES AND ESTIMATES GLADLY SUPPLICO ON moues, 
WRITE DEPARTMENT C. 

THE HOPP PRESS, INC. 
PRINTING - FABRICATING - FORMING 

460 W. 34th STREET, N. Y. C. 
ESTABLISHED 1093 

are available in standard ratings ranging from 
2000 volts, 0.025 mfd to 9000 volts, 0.0056 mfd. 

Capacitors employ a synthetic dielectric 
liquid. 

IDEAL COMMUTATOR 
UNIVERSAL CHUCKS 
A 3 -jaw chuck has been announced by the Ideal Commutator Dresser Company, 4025 Park 
Avenue, Sycamore, Illinois. Body is high ten- 
sile strength semi - steel. Rib construction_ 
Scroll of alloy steel. 

KIRKLAND SHALLOW -DEPTH 
INDICATING LIGHT 
A shallow -depth indicating light with an over- 
all depth behind the front of the panel to the extreme end of the insulation barrier of 1 ", has been announced by The H. R. Kirkland 
Company, Morristown, New Jersey. It is for 
single -hole mounting in a 1%" diameter holes in panels up to r/4" in thickness. 

The exposed holding lip is of the hex nut type and 3/16" in thickness. 
The molded bakelite socket is of the can- delabra screw base type for use with the 56- 

120 volt tungsten lamp or the T4% neon glow 
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lamp. A 1" square insulation barrier sep- 

arates the two 6/32 terminal screws. Known 
as the DE -659 DIE 

THYRATRON 3D -22 
A four -electrode thyratron, 3D -22, for use pri- 
marily in relay and grid -controlled rectifier 
applications, has been produced by the RCA 
Victor division of RCA. Conservatively rated 
to handle an average output current of 0.75 

ampere in continuous operation. 
Has a xenon -gas filling. Said to have a 

control characteristic essentially independent of 
ambient temperature throughout the range 
from -75 to +90 °C. 

G.E. H -F PAPER -DIELECTRIC 
CAPACITORS 
High- frequency 01 -mfd paper- dielectric ca- 
pacitors, available in ratings of 5,000 to 
20,000 volts d -c, have been announced by G. E. 
Developed primarily for grid- and plate- block- 
ing service in the electronic- oscillator circuits 
of high- frequency induction- heating equipments. 

Internal kraft -paper and aluminum -foil as- 
semblies are impregnated with a low -loss 
Jiquid dielectric, and hermetically sealed in rec- 
tangular metallic cases. 

Units are supplied with removable footed - 
type brackets. The 20,000 -volt rating unit is 
available in a plain case, o, with cooling fins 
to permit a higher current- carrying capacity. 

NTT ISOLATING TRANSFORMER 
Isolating transformers wound for three -phase 
and applicable to single -phase circuits have 
been announced by New York Transformer 
Company, 26 Waverly Place, New York 3, 

N.Y. 
Ratings are: 250 va, 115 volts, 1:1 ratio, 3- 

:phase and frequency range of 60 to 400 cycles. 
Transformer is 8/" long x 5/" high x 4" 

wide and weighs 16/ pounds. 

MOLDED BAKELITE ELECTRO- 
MAGNET CORES 
A method of molding bakelite to electromag- 
net cores has been developed by the R -B -M 
Manufacturing Company, division of Essex 
Wire Corporation, Logansport, Indiana. 

The same method is also said to be used to 
mold coil terminals directly in the bobbins. 

GULOW VARI- FORMERS 
Auto transformer voltage regulation units 
wound for constant current or taper wound for 
current proportional to voltage have been de- 
'veloped by Gulow Corporation, 26 Waverly 
Place, New York. A self- aligning solid- silver 

(Continued on page 100) 
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SO SAY LEADERS OF 

INDUSTRY WARTIME AGENCIES LABORATORIES SCHOOLS 

SENSITIVE RELAY . 

Fully adjustable sensitive 
relay with 2000 ohm coil. 
Ideal for plate circuit or 
Photocell applications. 
Minimum pullin current 
only 2.5 milliamperes. 
SPOT Contacts. 

MAID -C113 
Your cost, each.. $4.75 

THERMAL TIME 

DELAY RELAY ... 
Leach Type 1054T with 
375 ohm 24 volt DC coil. 
Delay adjustable from 20 
seconds to 1 minute. !'," 
fine silver DPST contacts. 
normally open, will handle 
50 amps at 12 volts DC. 
25 amps at 24 volts DC. 
or 6 amps at 110 volts AC. 

MA 10-C121 
Your cost, each $3.35 

GENERAL ELECTRIC 

DC MILLIAMMETER .. . 

Type D W -5I : 0 -200 ohms: 
D'4rsonval type move- 
ment; 2 -inch meter; Flush 
mount. 

K-10650 
Your cost, each . $4.95 

MAGNETIC CIRCUIT 

BREAKERS ... 
Heinemann RsCirkIt 
fast -acting magnetic cir- 
cuit breakers with mag- 
netic arc blowout. Trips 
instantaneously on 100 °b 
to i2$ °o overload or short 
circuit. DC operation. 
MA 9 -8100 195 milliamps 
MA 9.8101 220 milliamps 
MA 9.13102 7.5 amps 
MA 9-13103 games 
MA 9.8104 30 amps 
MA 9.13105 40alnps 

Your cost. each $2.95 

CONCORD 
RADIO CORPORATION 

L Radio 

901 W. Jackson Blvd. 265 Peachtree Street 

CHICAGO 7, ILL. ATLANTA 3, GA. 

RADIO AND ELECTRONIC ' 

PARTS AND 

EQUIPMENT 

Tent of thousands of enthusiastic 
customers are proof of Concord 
leadership. We can supply you 
with anything from a single capac- 

itor to complex laboratory instal- 
lations. Two strategically- located 

Concord stores -Chicago and At- 

lanta - are geared for speedy ac- 

tion. Now is a good time to call 

Concord ... for whatever you need. 

FREE! Special 16 -page 
Supplement of "hard -to- 
find" and urgently needed 
parts and equipment. All 
items are ready for im- 
mediate delivery . .. but 
are, naturally, subject to 
prior sale. 

ali' ..1tlUAtif7 

MAIL THIS COUPON 

CONCORD RADIO CORPORATION 
901 W. Jackson Blvd., Chicago 7, III. 
Dept. R -25 
Please rush me the 16 -page "Special Sup- 
plement" published by the CONCORD 
RADIO CORPORATION. 

Name 

Address_ 

City State 

IIM tlllNtttt:all INN r III I.srNrlZI, 
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103% 
1qA7 

11 
i 1 SERVICE 

YEARS! 
E 

,4me uca Q 
MOST COMPLETE 

Segue t6 Spy 
Ave 

RADIO PARTS 

RADIO TUBES 
INDUSTRIAL 

ELECTRONIC EQUIPMENT 
AMPLIFIERS 

SOUND SYSTEMS 
TEST INSTRUMENTS . 

COMMUNICATIONS and 
BROADCAST APPARATUS 

AIRCRAFT and 
MARINE EQUIPMENT 

F /M- television -A /M 

OVER 10,000 ITEMS r 
AT YOUR FINGERTIPS 

PURCHASING AGENTS! 
ENGINEERS! 

Send for this 
FREE 800 PAGE CATALOG! 
Write today on your company 
letterhead for this massive 
800 page Buying Guide con- 
taining everything in radio - 
electronics. Complete list- 
ings of all standard na- 
tionally known products 
in one handy, bound 
volume! Sent free on 
request by addressing 
Box CF. 

This Book 

Con Help Answer 

Your Procurement 
Problems? * 
FOR PROMPT SERVICE 
Telephone BArclay 7 -1840 

BUY THAT EXTRA BOND NOW 
and SAVE AN EXTRA LIFE! 

SUPPLIERS TO 
Industrial Manufacturers Research 
Laboratories Schools Colleges 
Government Agencies Railroads 
Public Utilities Broadcast Stations 

Hospitals Shipyards Police Depts., etc. 

SUN RADIO 
& ELECTRONICS CO. 
212 Fulton Street. New York 7, N. Y. 
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contact, fingertip controlled by a single knob 
switch, is said to provide small increment volt- 
age change throughout the range of the device. 
No carbon brushes are used. Incremented in- 
crease is in the order of 0.75 volt or less. 
Windings are on shell type core, impregnated. 
Units are supplied either with autotrans- 
former winding or separate windings for isola- 
tion of circuits. Available for one or three 
phase use with single control. Class A or B 
insulation optional. 

-:HICO- 
ENGRAVER 

FAIRCHILD MAGNESIUM 
STYLUS CHUCK 

A magnesium casting, weighing .3734 gram, equivalent to .000823 pound to be used as a stylus chuck has been developed by the Fair- 
child Camera & Instrument Corporation, New York. This chuck which holds a cutterhead 
stylus, operates laterally at a frequency up to 
10,000 cps in a Fairchild recorder. The chuck is 
said to offer substantial stiffness, considering 
the low mass of the part. 

For lettering panels of steel, aluminum, 
brass, or bakelite, or for marking fin- 

ished apparatus. 
A sturdy machine for routine production 

as well as occasional engraving. 
Attachments increase its versatility to 

include large work on flat or curved sur- 
faces. 

Excellent engraving can be produced by 
an inexperienced operator. 

Prompt delivery. Catalogue on request. 

Priced from $115 with Type 

Mico Instrument Co. 
88 TROWBRII)GE STREET 
CAMBRIDGE, MASS. 

TN1OO MC 
4ENE 

-D Engineered 

U-H-F Insulation 

OWER FACTO 
;04O33 

IRC POWER WIRE -WOUND RESISTORS 
Power wire -wound resistors, designed to fulfill 
Army -Navy specification JAN -R -26, have been 
announced by International Resistance Com- 
pany, 401 N. Broad Street, Philadelphia 8, 
Pa. A completely sealed unit, known as the 
GRW, it is said to support a transverse load 
of as much as 100 pounds. Ferrules of the 
resistor are said to withstand a twisting torque 
of 80 inch -pounds. 

All connections are welded. Pyrex glass en- 
closure tube is used. Pure lead is used for 
sealing between the ferrules and the pyrex 
glass enclosure. Melting point is said to be 
above the 275 °C operating temperature of the 
resistor. 

Seven standard sizes are now available. They 
correspond to Army -Navy types RW -10F to 
RW -16F, inclusive, and are identified as GRW - 
10 to GRW -16. Resistance values covered by 
these seven types are from 0.1 ohm to 46,000 
ohms, with power ratings from 15 to 140 watts. . 
PLASTIC BLIND RIVET 
A plastic blind rivet, Des- Rivet, that is said to 
permit one -man operation and blind fastening 
has been announced by the Plastic develop- 
ment division of the Victory Manufacturing 
Company, 1105 Fair Oaks Avenue, South Pasa- 
dena, California. The design is based on a 
wedging action and takes advantage of the 
flow characteristic of plastid materials under 
pressure. 

Rivets are molded as one piece consisting 
of a head with plug attached by a thin break- 
away section and a tapered shank split to form 
four tapered fingers. 

Rivet is applied by pressing the tapered 
fingers into a drilled hole. Taper on the out- 
side diameter of the fingers reduces the inside 
diameter of the shank, the rivet and work 
being held in place by the pressure of the de- 
pressed fingers. Impact from the rivet gun, 
which may be manual or air operated, in- 
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STABLE 
UNDER 

High Humidity 

Temperature 
Extremes 

Mechanical 
Stress 

Chemical 
Conditions 

For complete technical 
dáta, send for Bulletin DN 

fi0_N,TINENTÌIk- DIAMOND 
FIBRE COMPANY 

DE `. ÑEWARK 51, DELAWARE 
oseeiwimi.r` 
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intaneously shears the plug and drives it 
to the plastic shank until the plug is flush 
th both ends of the rivet, maintaining the 
ntour of the rivet head. 
Wedge action of plug in tapered shank ex- 
nds the fingers against the walls of the 
tiled hole and upsets the shank end of the 
/et. 

LECTRONIC LABORATORIES PORT - 
BLE FLASHING BEACON 

lightweight portable flashing beacon has 
en developed by Electronic Laboratories, 

lc., Indianapolis, Indiana. Operates from 
0 volts, d -c or a -c. Has a vibrator power 

,pply for converting to 2000 volts d -c. Elec- 
)nic has also designed this same equipment 

operate from 6, 12 or 24 -volt storage bat - 

ries. All connections are made with water 
oof plugs, and the carrying case itself is 
mpletely water proof. Lamp may be separ- 
ely mounted on a pole if desired. 
Light is said to be visible, under normal 
ierating conditions, for at least 20 miles at 
ght. 

'OLYVINYL EXTRUDED TUBING 
WIRE MARKERS 
urho markers, made of polyvinyl extruded 

Jibing, are now being produced by William 
irand & Company, 276 Fourth Ave., New 
ork, 10, N. Y. 
The markers are available in all colors, as 

vell as clear, transparent polyvinyl extruded 
noes, with any desired location of imprinting, 
ircumferentially or longitudinally, in any 
liameter or length. 
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CARTER BATTERY- CHARGING HAND 
GENERATOR 
A one -man hand generator delivering about 
40 -watts has been released by Carter Motor 
Company, 1608 Milwaukee Avenue, CE; _ago. 

(Continued on page 102) 
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TRANSFORMERS 

Unit illustrated is a spe- 
cially designed, hermet- 
ically sealed transformer 
produced in quantity to 
meet a war requirement. 

Electronic Engineering Co. is a mass production organization 
devoted to the design and engineering of quality transformers 
for specialized applications. For the ideal solution of your 
transformer problem, look to Electronic Engineering Co. 

ELECTRONIC ENGINEERING CO. 
735 West Ohio Street - Chicago, Illinois 

Associated Company 
Hol uboui and Rehfeldt Consulting Engineers 

Transformer Engineers or Specialized 19pplicuttorr s 

When 
skill of a high degree be- 

comes habitual, and shows Jp 
in the smallest detail - that's 

Craftsmanship! 

Having specialized for many years, Par - 
Metal has this habit of Craftsmanship- 
expressed throughout the entire line, 
which ranges from small chassis to 
housings for huye transmitters. 

To get a picture of wi,at Par -Metal 
can do now (and the post -war 

possibilities) write for a 

copy of Catalogue 
No. 4I-A. g 

P4`=1R4M ETAiL; PItODUCTS tORPORATION Export Dept. 
100 1,forieM St., N. . C. y 32.64--«491.h STREET CITY N Y. 
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Provides 8 volts d -c at 5 amperes for charging 
batteries. 

In operation, one man, seated on the seat 
which folds up when not in use, turns two 
cranks. Drive is by means of a gear train. 

Generator is said to be moisture - proof. Shafts 
of the crank handles are sealed and unit is 
completely enclosed. Output is to two ter. 
minals to which the charging line is connected, 

A chain suspended between the legs prevents 
collapse when the unit is set up. 

LANGEVIN 102 AMPLIFIERS 
Amplifiers, 102 series, that are said to meet 
wide -frequency range requirements have been 
developed b Langevin Company, Inc., 37 
West 65th Street, New York. 

The 102 -A units have input impedances of 
30/250; output impedance, 600 ohms; and 
a frequency response, 30 /16000 cps, .5 db. 

Type 102 -B is a three -stage amplifier with a 
gain of 95 db. It employs input -stage elec. 
tronic mixing, and is intended for public - 
address installations. 

Type 102 -C consists of a three -stage ampli. 
fier, fixed gain, adjustable, 75/85/95 db. 

Type 102 -D is a two -stage amplifier with an 
input impedance of 600 ohms and bridging; 
fixed gain, 600 ohms; input, 61 db.; bridging 
input, 45 db. 

e 

GLOBE PERMANENT MAGNET 
MOTORS 
Two models of a Motor -Mite type motor with 
5 and 7.5 watts intermittent service output 
have been announced by Globe Industries, Inc., 
125 Sunrise PL, Dayton 7, Ohio. 

Input is 24 v. d -c. Free running -20,000 rpm 
speed; peak load -11,000 rpm. Temperature 
range is said to be -55° to +175 °F. Heat 
rise said to be 45 °C at rated load. Pole pieces 
are within closed magnetic circuit. End shields 
are brass and molded plastic. Dimensions: 
MM -1 style, diameter 1 3/16", length 14 "; 
MM -2, diameter 1 3/16 ", length 1 ". Shaft: /8"x/2"; available with any type extension. 
Weight: MM -1, 5 oz.;; MM -2, 354 oz. 

REINER VACUUM -TUBE VOLTMETER 
A vacuum -tube volt- ohm -milliammeter, type 
450, with a wide -frequency range a -c voltmeter 
which measures from 50 cps to 50 megacycles has been announced by Reiner Electronics Co., Inc., 152 West 25 Street, N. Y. City. Instru- 
ment has six d -c voltage ranges, with input capacitance that is said to be less than á micromicrofarads; input resistance 11 meg- ohms, all ranges; d -c ranges from 50 micro- 
amperes to 1 ampere in six ranges. 

Voltmeter has a single zero adjust for all a-c 
and d -c ranges. 

The a -c voltage ranges are: 0- 2.5- 10 -25- 100 -250. 
D -c voltage ranges are: 0- 2.5- 10 -25- 100 - 250 -1,000. 
The d -c current ranges are: 0- 2.5.10 -25- 100 -250- 
1,000 milliamperes. Ohmmeter ranges are .1 
ohm to 1,000 megohms; center scale resistance; 
10, 101., 102, 10e, 104, 106, 107 ohms. 

www.americanradiohistory.com

www.americanradiohistory.com


BRIDGE SWITCHING 

( Continued from page 85) 

nce measurements, the accuracy from 
I ohms to 1,000 ohms is also 1 %; below 
ohm and up to 100,000 ohms there is 

)out a 5% error. The error in capaci- 
nce measurements is of the order of 
o in the range from 0.001 microfarad 

1.0 microfarad; for inductance meas- 
ements the accuracy from 0.1 milli - 
nry to 1 henry is about 3 %. These 
.curacies are at 1000 cps; errors are 
out 3 times as great at 3,000 cycles. 
These relatively useful accuracies are 
a large measure due to the fact that 

ere are a minimum of wiring connec- 
.ns and no special switching devices 
introduce stray couplings in the bridge 

rcuit of Figure 2; the symmetrical ar- 
ngement of the bridge arms ; and the 
ielded bridge transformer. A brief dis - 
ssion of the effects of residual corn - 

. vents on the accuracy of impedance 
idges (entirely neglected in this bridge) 
s been discussed by Easton.' 

'Ivan G. Easton. Coil and Condenser Meas- 
rements, COMMUNICATIONS, p. 21; September 
943. 

L -f OSCILLATOR 

(Continued from page 66) 

vas obtained. This condition has a 
urther bearing on the function of the 
ircuit. Since these flashes aa a alter - 
ately bright and dim, we find an in- 
eresting condition ; a loss of energy 
ue to the circulating current flowing 
hrough the resistance of the circuit, 
articularly during the time when the 
late circuit is not conducting current, 

for at this time the unit is coasting. 
his shows the necessity of high Q 

n the tuned circuit. a 

We studied the effect of resistance 
the tuned circuit, demonstrated by 

inserting variable resistances in each 
branch, Figure 2. We used 2,000 -ohm 
wire -wound laboratory type. The gal - 
anometers were omitted temporarily. 
he resistances were connected at the 
rid end so that the system could be 

charged by the sudden flow of current 
hen the power is turned on. The 

esistance of the inductance was about 
00 ohms. However, when resistance 

is added, the amplitude of the energy 
in the tuned circuit is diminished. The 
lamp in the plate circuit will not flash 
as brightly as before and the off period 
is shorter. The critical resistance was 
also found by increasing the resistance 
until the oscillations could not be sus- 
tained. They died out slowly after being 
started by the shock of suddenly turn- 
ing the power on, after having been 
off for a moment. The critical re- 
sistance was found to be about 1,200 
ohms. When the resistance was re- 

(Continued on page 104) 

PORTABLE POWER PROBLEMS 

THIS MONTH -COMMERCIAL SOLVENTS CORPORATION PENICILLIN TEST 

LIFE -SAVING PENICILLIN salt solution is carefully tested by battery -powered pH meters 

before it is placed in vials by white -clad technicians at the modern Commercial Solvents 

Corporation plant. Throughout the entire manufacturing process, rigid pH checks against 

excess acidity and alkalinity must be maintained while the penicillin is in solution. 

FOUR pH METERS, powered by Burgess Industrial Batteries, are employed by Commercial 

Solvents Corporation on a 24 -hour a day basis to assure necessary, uniform product control. 

Burgess Industrial Batteries are built to meet specific requirements of test and control 

instruments. Whatever your portable power problem may be, Burgess engineers are 

equipped to find the answer. Write us today about your needs, or request free, 80 -page 

Engineering Manual on dry batteries. Dept. 6. Burgess Battery Company, Freeport, Ill. 

BURGESS 
BATTERIES 

THINK TWICE BEFORE YOU TRAVEL ! 

Famous for the WORLD'S MOST COMPLETE LINE of dry batteries 
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note:- please no 

Engineers, DIALCO o IVES " 
piUi 

TL ,S 
1 

provide 
rapid 

olutions to 

every 
problem MINIM 

Consider your Pilot Light prob- 
lem solved! The extensive Dialco 
line covers every conceivable 
application - Aircraft, Marine, 
Electrical, Electronic, Radio, and 
Industrial. We are geared to 
supply COMPLETE ASSEMBLIES, 
housing required G.E. or West- 
inghouse Lamps. Special empha- 
sis on NEON applications. Send 
data for estimates, suggestions, 
and samples. 
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Write for 
CATALOG 

900 BROADWAY NEW YORK 3, N. Y. 
Telephone: ALgonquin 4- 5180 -1 -2 -3 
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FROM THE HOUSE OF mimics 
.. and other radio and electronic components! 

America`s largest producer 
of JK -26 jacks. All models 
built to strict Signal Corps 
specifications. 

PL-s4 

4DD131011AL JACKS & PLUGS FOR IMMEDIATE DELIVERY 

F J -55 1K-48 PL -291 PL -291A PL -204 

Evietle Ste! 
Amalgamated Radio, pioneers 
in the field, maintain experi- 
mental and development labora- 
tories for post -war radio and 
television equipment. Our com- 
ponents are completely engi- 
neered in a self -contained 
factory equipped with tools of 
our own design. Years of spe- 
cialized experience assure high 
quality products at low cost. 
Inquiries are invited. 

AMALGAMATED RADIO TELEVISION CORP. 
476 BROADWAY NEW YORE 13, N. Y. 
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duced below the critical value, th 
oscillator, which had been turned o 
for a moment, built up slowly, but at 
a much slower rate. 

In analyzing the nonoscillating con- 
dition with this equipment, we found 
that although there was no circulating 
current, the plate circuit conducted 
current continuously with greater plate 
dissipation, with possible overload of 
the tube. This was due to the plate 

which was the only load on 
the power supply in this condition. 

Phase difference was also studied 
with the apparatus. In this operation, 
the resistors in the circuit were re- 
duced to very low values and the gal- 
vanometers were connected so that the 
grid terminals went to the correspond- 
ing binding post of each galvanometer. 
In this way, if these instruments were 
connected across a d -c line, they would 
both swing to the same side, for they 
were really in parallel and connected 
with the same polarity toward the 
grid. 

NEWS BRIEFS 
(Continued from page 94) 

WESTINGHOUSE PROMOTIONS 
Walter E. Benoit has been elected vice presi- 
dent of Westinghouse Radio Stations, Inc. 

Robert E. Burrows is now manager of gen- 
eral radio sales, with offices in New York City. 

Mr. Burrows will be in charge of sales and 
promotion for the supply company. 

Clinton R. Hanna, inventor of the tank -gun 
stabilizer, has been appointed associate direc- 
tor of the Westinghouse Research Laboratories. 

G. E. APPLICATION TUBE FOLDER 
A 4 -page folder describing high- vacuum air - 
cooled and water - cooled tubes, mercury -vapor 
rectifiers, thyratrons, rectifiers, etc., has been 
released by G. E. 

* * * 

ANDREW CO. SOLVES 
WBEZ ANTENNA PROBLEM 

The problem of coupling a 70 -ohm unbalanced 
coaxial transmission line to a much smaller 
balanced impedance of the antenna, posed by 
E. H. Andresen, chief engineer of WBEZ, was 
solved by Andrew Company engineers' recently. 
They constructed a quarter -wave impedance 

B -29 GUNNERY SYSTEM TELEVISED 

Demonstration of the B -29 central gunnery control 
system heing telecast over WRGB, Schenectady. 
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nsforming section with a concentric bazooka 
the balance conversion. Adjustments were 

de by varying the average dielectric con- 

I. 

nt in the resonant section. 

tAZE JOINS UNITED ELECTRONICS 
-hard H. Fraze, formerly assistant to the 
asurer of General Precision Instrument, has 
sri named controller at the United Elec- 

t nies Company, Newark. 

:A APPOINTS C. W. TAYLOR 
ANAGER OF TUBE PARTS AND 
ACHINERY SALES 

tarles W. Taylor, development and manu - 
Ituring engineer, has been named manager 

RCA tube parts and machinery sales. 
.1r. Taylor will be located at Harrison, N. J. 

USTAFSON OF HALLICRAFTERS 
ONORED re 
vight E. Gustafson of Hallicrafters received 
diamond studded gold pin, the Chicago 

' ibune war worker's award, for expediting 
ipments of parts. 

EWA CANCELS 
. APRING CONVENTION 

;le National Electrical Wholesalers Associa- 
i i)n has called off its 37th annual convention 

heduled the week of April 22 at The Stevens, 
licago. 

* 

* * * 

ROWN JOINS KELLY TRADING 
chard I. Brown, formerly of Allen B. 

it iltMont Laboratories, Harrison Radio Corpo- 
tion and The U. S. Air Corps has been 
i ointed manager of the electronics division 
Henry Kelly Trailing Company, Inc. 

IDNEY M. ROBARDS NEW RCA 
(FORMATION DEPARTMENT HEAD 
piney M. Robards, has been appointed man- 
der of the information , department of RCA. 
Mr. Robards joined RCA early in 1938, after 

Irving as assistant editor of the press division 
NBC. 

'RAIN TO REPRESENT 
ENTINEL RADIO 

J. Crain has been appointed Ohio represen- 
tive for Sentinel Radio. Mr. Crain will make 
s headquarters in Cleveland. 

IUGUS OF A. T. & T. DEAD 
. Zimmerman Hugus, assistant vice presideñt 

the American Telephone and Telegraph 
)mpany, died recently. 

I. L. EDSALL NOW RCA TUBE AD MAN 
oward Linn Edsall has been named advertis- 
ig and sales promotion manager of the RCA 
ibe and equipment department. 
Mr. Edsall is a former licensed radio oper- 
or, and has also served as an instructor in 
idio and physics. 

.E FEVRE, CROSS AND OEHLSEN 
,+ VIN STEWART -WARNER PROMOTIONS 
n rden LeFevre has been appointed vice- presi- 
ly ;nt and director of engineering of division 
r, e (alemite, instruments and radio) of the 

14, tewart- Warner Corporation. Fred R. Cross 
(Continued on page 106) 

YACHTSMAN'S TELEPHONE GOES 
TO WAR 

i 

[idget W. E. 8 -watt transmitter and receiver for - 

erly used by small boat owners are now being 
used on Merchant Marine training ships. 

4øt c2pG4tuøt4 

"14`14L ENGINETßS 
ImE- DESIGNF,RS 

TECII1 ICIAn S 

at FRIE ZInstrument Division 
Bendix Aviation Corporation 

Through 69 years of Peace and War, the name 
FRIEZ has been synonymous with precision instru- 
ments throughout the world. As a division of Bendix 
Aviation, FRIEZ has pioneered in Electronic, Me- 

chanical and Control fields. 

To carry forward this essential war work, as well 
as to project our war facilities into peacetime fields, 
calls for a high order of engineering skill . . . an 
opportunity and a challenge to 

ENGINEERS, DESIGNERS, TECHNICIANS 

We have openings in these groups that should in- 

terest both graduate engineers of long experience 
as well as recent graduates. 

Tell us in which of these fields you have specialized. 
Or if a recent graduate, for which of these fields you 
would be best adapted. 

Your letter of inquiry will be assured strict confi- 

dence. Tell us as much as possible about yourself, 
and we will in turn send you complete details of a 

FRIEZ job in which your professional abilities will 
be profitably employed. 

Write Today to : CHIEF ENGINEER 

FRIEZ 
INSTRUMENT DIVISION 
BENDIX AVIATION CORP. 

1231 E. LAFAYETTE AVE., BALTO, MD. 

HIRING SUBJECT TO WAR MANPOWER REGULATIONS 
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DELIIY RELAYS 
PROVIDE DELAYS RANGING 

FROM 1 TO 120 SECONDS 

Other important features include:- , 

1. Compensated for ambient temperature 
changes from -40 ' to 1 10` "F. 

2. Contact ratings up to 115V -10a AC. 

3. Hermetically sealed - not affected by al- 
titude, moisture or other climate changes . . . 

Explosion -proof. 

4. Octal radio base for easy replacement. 

5. Compact, light, rugged, inexpensive. 

6. Circuits available: SPST Normally Open, 
SPST Normally Closed. 

WHAT'S YOUR PROBLEM? Send for "Spe- 
ciol Problem Sheet" and Descriptive 
Bulletin. 

AMPERITE CO NEW YORK 12, AY. 

In Canada: Atlas Radio Corp., Ltd. 
560 King St. W., Toronto 

with 
porcelain 
heater 

with heater wound 
directly on blade 

ENGINEERS 
Are You Concerned With 7 
YOUR POST WAR FUTURE 
Me Federal Telephone á Radio Corporation, 
w menutcturing unit of the International Tele- 
phone & Telegraph Corporation with its multiple 
business activities extending to all parts of the 
civilized world, will accept applications from 
experienced men for immediate employment with 
almost limitless post war possibilities. These 
positions should interest those with an eye to 
the future and whose interest lies in forging 
ahead with this internationally known organiza- 
tion whose expansion plans for post war are of 
greet magnitude covering all types of radio and 
telephone communications. Advancement as rapid 
as ability warrants. Majority of positions are 
located in the New York area! 

We need the following personnel! Mea 
with long experience or recent gradu- 
ates considered. 

ENCINBBRS 
ELECTRONICS 
ELECTRICAL 
RADIO 
MECHANICAL 
CHEMICAL 
TRANSFORMER DESIGN 
SALES AND APPLICATION 

ENGINEERS 
PHYSICISTS 
DESIGNERS 
DRAFTSMEN 
TOOL DESIGNERS 
TECHNICAL WRITERS 

Look Ahead With Federal ! 
If inconvenient to apply in person, write letter in full, detailing 
about yourself, education, experience, age, etc., to Personnel Manager. 

FEDERAL TELEPHONE & RADIO CORP. 
39 Central Avenue 

EAST NEWARK NEW JERSEY 
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NEWS BRIEFS 
(Continued from tage 105) 

is now advertising manager and George W, 
Oehlsen, Jr. is the assistant director of engin. 
eering of division one. 

Mr. LeFevre has been with Stewart -Warner 
since 1925. 

H. R. MAAG NAMED 
RCA WESTERN REGIONAL MANAGER 
Harold R. Maag has been appointed regional 
manager for the RCA West Coast area. His 
headquarters will be at RCA Victor's Holly. 
wood offices, 1016 No. Sycamore Avenue. 

R e f 

K. McLEOD NOW WITH N.U. 
Kenneth McLeod has joined the engineering 
staff of National Union Radio Corporation to 
take charge of electronic quality control. 

Prior to joining National Union Mr. McLeod 
was at Columbia University as a research 
engineer. 

CBS OWl DELANO, CALIFORNIA STA. 
TION ON AIR 
The CBS Delano, California, h -f transmitters 
for OWI and CIAA use, went on the air re- 
cently. Two separate transmitters are now in 
operation, with a third transmitter scheduledlt:. 
to be installed early next year. hi Broadcasts are beamed to the Orient for the 
Office of War Information and to South Amer- 
ica by the Office of the Coordinator of Inter - 
American Affairs in San Francisco. 

i'. 

i 

t. 

WESTINGHOUSE TO OPERATE KEX, 
PORTLAND, ORE. 
Westinghouse Radio Stations, Inc., has taken 
over operation of KEX in Portland, Oregon. 
J. B. Conley, formerly manager of Westing- 
house stations WOWO and WGL at Fort 
Wayne. Indiana, has become general manager 

of KEX. 

r. 

k 

r 
Ino: 

EXTERNAL ANODE TRIODES, 
(.Continued from page 77) 

resistance element within the range of l: 

the negative slope. Such an element in al, 
circuit may easily lead to oscillation of 
the dynatron type unless steps are taken, 
to prevent it. One method often used in'r 
lxxver- amplifier design is the inclusion of ji 
a dynatron rectifier in the grid circuit of 
the tube. This is essentially a half -wave 
rectifier that tends to restrict the reverse 
current flow. Grid loading often is suffi- 
cient. Even though oscillatory instability 
does not take place, the change in the 
grid characteristic often leads to high 
distortion when these tubes are used in 
audio amplification. 

Secondary emission is not entirely 
detrimental, however, since it reduces the 
amount of driving power necessary in 
r -f amplifier considerations. Present -day 
manufacturing techniques have reduced 
secondary emission greatly by careful: 
control of the materials that go into the 
tube. Low work function impurities are 
almost entirely eliminated. This is highly 
important if the published characteristics 
of the tube are to be attained in produc- 
tion, because secondary emission changes 
both the grid and plate characteristics. 

Secondary emission may also take place 
from the non -conducting elements of the 
tube. If stray electrons become focused 
on a part of the envelope, the resultant 
secondary emission makes that spot posi- 
tive, which increases the energy of the 
bombardment. If this action becomes lüi 

cumulative, a hot spot may be formed . 

that will melt the glass and cause a tube 
failure. 

While the electrical characteristics of 
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external -anode triodes have been dis- 
sed in a general way, the actual elec- 
al characteristics for a tube must be 
fined from the manufacture- before 

y design is attempted. Figure 12 shows 
assembly of the complete character - 

ics of a well -known high -power water - 
bled triode. The two filament character - 
ics are of importance in the design of 

filament circuit, and the emission 
racteristic gives important information 

out the tube output limitations. The 
id characteristics give valuable infor- 
ition for the design of a grid circuit 

i any type of application. A careful 
ssdy of these characteristics and com- 
rrison between tubes will show the ex- 
tit of secondary emission to be expected 

. ì the grid circuit. 
The family of plate characteristics are 

iportant for a number of design prob- 

.r 

tns, especially those dealing with audio 
plifier design, since they may be used 

I construct a composite characteristic for 

1 1 analysis of push -pull amplifier along 
load line. The experienced engineer 
ty gather a great deal of information 
)m a simple inspection of these curves. 

approaching a new design, the prob- 
e of tube selection starts with elimina- 

t n of a large number of available tubes 
It m inspection of these characteristics 
ua .fore any actual design calculations are 

arted. 
The constant- current characteristics 

I re probably the most valuable in the 
Aution of high -power triode application 
esign problems. The erection of a load 
áe on these curves can give all the in- 

(Continued on page 109) 

Figure 12 

HO power water -cooled triode whose char- 
acteristics appear in graphs on page 110. 

i 

CONCERNING 
THE 

FU 1S TARS 

BY 

M 
l0 

E 
CIIBs. 

All our modern production 

facilities, manpower and ma- 

terials are engaged in supply- 

ing our armed forces with 

quality electrical resistance 

instruments. Once the Victory 

has been won, Broadcast Engi- 

neers everywhere can rely on 

Tech. Labs. for prompt shipment 

on precision attenuators and 

potentiometers. 

TYPE 700 

TYPE 600 

Stainless silver contacts 
and wiper arms elimi- 
nate the necessity of 
frequent cleaning and 
result in less noise. 

Better insulation and 
moisture proofing result 
in superior performance. 

Improved mechanical 
construction - pinned 
rotor hubs and decent 
gears -results in longer 
trouble free operation. 

MANUFACTURERS OF PRECISION 

ELECTRICAL RESISTANCE INSTRUMENTS 

15 LINCOLN STREET, JERSEY CITY 7, N. J. 
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;$R and 

AIR 
COOLED 

TRANSMITTING 
At40 

RECTIFYING 
TUBES 

AMPEREX ELECTRONIC CORPORATION 
79 WASHINGTON STREET BROOKLYN 1, N. Y. 

SENIOR ELECTRONIC ENGINEERS 
Preferably graduates of communication engineering 
courses are required for designing receiving -type 
electronic equipment covering all frequency ranges, 
and other specalized electronic apparatus. 
Design experience necessary, and knowledge of pro- 
duction is desirable. Excellent post -war opportuni- 
ties. Salary open. Requirements urgent. Proof of 
citizenship and certificate of availability are neces- 
sary. 

Write giving detailed qualifications, and if satis- 
factory, interview will be arranged at our expense. 

SUBMARINE SIGNAL CO. 
175 State St., Dept. 420, Boston, Mass. 

0 

CRYSTALS 'R SINCE 
EXCLUSIVELY \ V 1934 

ORDERS SUBJECT TO PRIORITY 

PETERSEN RADIO CO., Council Bluffs, Iowa 

.Lidíec elecfiiastiic Auoduetd 
CO. 

1814 E. 40TH ST. CLEVELAND 3, OHIO 
Development and Manufacture of 

TRANSMITTERS AND RECEIVERS, AM AND FM 
INDUCTION HEATING FURNACES 
ELECTRONIC GAUGING EQUIPMENT 
INDUSTRIAL ELECTRONIC EQUIPMENT 
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Solder the RUBYFLUID way! 
Try this favorite flux ... liquid or paste ... for a neat, 
strong union in general soldering. Also our special formula 
that requires no special equipment ... Ruby's Stainless 
Steel Flux. 

FAST ACTING 
EASY -TO -USE 

ECONOMICAL 

r RUBY CHEMICAL CO. 
65 McDowell St. Columbus, Ohio 

We need a KADIO COST 

ESTIMATOR: 
A shrewd analyst to derive cost from blue- 
prints and assemblies of home radios. 
Postwar program in offing. Must know 
modern fabrication and operation through- 
out machine shop and assembly, and 
be familiar with writing operation and 
process sheets. 

MAGUIRE INDUSTRIES, INC. 
Electronics Division 

342 W. Putnam Ave. Greenwich, Conn. 

NATION -WIDE MAIL 
ORDER DISTRIBUTORS 

SINCE 1928 

AND ELEcMaNyc 
DEVICES For Trade ... Industry ... Vocational 
...Communication ...Public Utility and Ex- 

perimental Applications 

BURSTEIN -APPLEBEE CO. 
1012 -14 McGee St. Kansas City 6, Missouri 

SHARE YOUR COPY 
OF 

COMMUNICATIONS 
Your Associate Engineers and Technicians will 
appreciate your courtesy. Uncle Sam will also. 

%d i1%ß 
World's Largest Manuf..cturer of 
Wireless Telegraphic Apparatus 
COMPLETE CENTRAL OFFICE EQUIPMENT 

McElroy Manufacturing Corp. 
82 Brookline Avenue Boston, Massachusetts 
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XTERNAL ANODE TRIODES 
(Continued from page 107) 

rmation needed for design of both grid 
d plate circuit elements. All operating 

anditions- can be determined graphically, 
id the design merit may be ascertained 
nmediately before beginning final devel- 
mental construction of the equipment. 
consideration of the application of these 
rues to design problems will be taken 

p in a subsequent paper. The manufac- 
í trers of these high -power triodes are 
figer to cooperate with the design en- 
ineer in furnishing complete character - 
tics as well as application notes on 
e tubes manufactured by them. 

redits 
The author wishes to express his ap- 

reciation to personnel in the vacuum - 
ibe departments of the Federal Telephone 
d Telegraph Corporation, General Elec- 

-ic Company, Radio Corporation of 
merica, Amperex Electronic Corp., 

Vestinghouse Electric & Manufacturing 
'ompany, and the Western Electric Com- 
any. Their assistance in preparation of 

otographs and collection of the material 
as been invaluable. The author also 
rishes to express his gratitude to Pro - 
ssor G. H. Fett, of the University of 

llinois, for his suggestions on the presen- 
ition of this material. 
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FIXED MICA DIELECTRIC CAPACITORS 

JAn -c SPECIFICATIONS are called for on new Gov- 
ernment contracts. MICAMOLD is supplying,in production 
quantities, the many required types in conformance with 
JAN C -5 specification. 

Also -We can supply you with: Fixed Paper Dielectric (non- 
metallic cases); Fixed Paper Dielectric (hermetically sealed 
in metallic cases); Dry Electrolytic Polarized; Ceramic 
Dielectric fixed (temperature compensating) 

CONFORMING RIGIDLY TO JAN SPECIFICATIONS 

CAMOLDRadio Corporation. 
115 Knickerbocker Ave., Brooklyn b, Ät. Y. 

iol. E. Mouromtseff, Water and Forced -Air 
Cooling of Vacuum Tubes, IRE, Vol. 30; April, 
1942. 

UTube Protection Problems, Pt. 2, Tubes, 
Issue 8, Federal Telegraph Company; Jan., 1939. 

'See 10, p. 193. 
151. E. Mouromtseff, Temperature Distribu- 

tion in Vacuum Tube Coolers with Forced -Air 
Cooling, Journal of Applied Physics, Vol. 12; 
June, 1941. 

I *M. van de Beek, Air -Cooled Transmitting 

(Continued on page 110) 

300 

250 

z 
W 

200 

o 
ISO 

o 

100 

50 

0 
O 100 200 300 400 

GRID VOLTAGE 
500 

Figure 11 

Typical grid charac- 
teristics of a high - 
power triode. Negative 
slope of curve as the 
potential increases in- 
dicates that the grid 
circuit will present a 
negative resistance ele- 
ment within the range 
of the negative slope. 

Interested in an open wire line? 
The support illustrated above is one 

of several types Johnson can furnish. It 
mounts on a 3 inch iron pipe or a 4x4 inch 
wood pole and comes complete with cen- 
ter insulator and hardware. 

Suitable for 5, 6 or 7 wire, balanced 
lines, for antenna power up to 50 KW, 
the support is approximately 17x3112 
inches overall and the outside conductors 
form a 15 inch square. 

Write for information and 
catalog 968(EI \ * 

JOHNSON. 
. 

a famous name in Nadia 
E "F. Johnson Co. Waseca; Minn. 
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NOT 
NEXT WEEK 

NOT NEXT MONTH 

,NOT NEXT YEAR 

\9UT..NOW 

- 

HAVY 
has for fast delivery 
Critical Radio and 

Electronic Components 

and Equipment 

TUBES 

RELAYS 

CAPACITORS 

RESISTORS 

METERS 

TEST EQUIPMENT 

TRANSFORMERS 

ETC., ETC. 

After 18 years in the radio and 
electronic field, HARVEY is adept 
at supplying you with equipment 
you need -not next week, not next 
month, not next year - but now, 
just when you need it. That's the 
service for which we are famous. 
Critical items, if not on our 
shelves, will be traced for you, or 
we may be able to suggest effec- 
tive substitutes. And HARVEY can 
help solve your priority problems, 
lend a hand with technical advice. 
Save time, save money .. . see 

HARVEY -first, last, always! 

Telephone 
Orders to 
LOngacre 3 -1800 

T T1 T T T7 T, 
RADIO COMPANY 

RH V E 
103 WEST 43rd ST., NEW YORK 18, N. Y. 

EXTERNAL ANODE TRIODES 

(Continued from page 109) 

Valves, Phillips Tech. Rev., Vol. 4, No. 5; 
May, 1939. 

36E. M. Ostlund, Air Cooling Applied to Ex- 
ternal Anode Tubes, Electronics; June, 1940. 

16B. S. Gossling, The Flash -Arc in High 
Power Valves, IEE Wireless Section Proceed- 
ings, p. 192 -219, Vol. 7, No. 21; Sept., 1932. 

17See 10, p. 205. 

o ú 
w 

cc 

ñ. 

CO 0 O ' N 

FILAMENT AMPERES PER SECTION 

o 

Figure 12 a, b, c, d, e 

Above, (a), average filament characteristics of 
RCA 898; (b), below, average plate charac- 
teristics (Er = 33 volts a -c, single phase ex- 
citation); (c), right top, average constant- current 
characteristics (Er = 33 volts a -c, single phase 
excitation, le = grid amperes, I1, = plate am- 
peres); (d), right center, typical characteristics 
(Er = 33 volts a -c, single -phase excitation); 
(e), right bottom, average filament- emission char- 

acteristics (single -phase filament emission). 
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EXPERIENCE 
is a much used, and too often abused, 

word. Yet in any field experience is the only source 
of practical knowledge -the only sound basis for further 
advance. 

Measured in terms of time alone, the experience of the 
Simpson organization is impressive enough. For more 
than 30 years this name has been associated with the 
design and manufacture of electrical instruments and test- 
ing equipment. But the real value of this experience is 

to be found in the many fundamental contributions 
Simpson has made to instrument quality 

The use of soft iron pole pieces in the patented 
Simpson movement serves as an example. An admittedly 
finer type of design, these soft iron pole pieces have been 
employed by Simpson to provide maximum strength as 
well as accuracy, and to achieve a simpler assembly that 
permits faster, more economical manufacture. 

For today's vital needs, this experience enables Simpson 
to build "instruments that stay accurate in greater vol- 

ume than ever before. For your postwar 
requirements it will insure the correct 
interpretation of today's big advances. 

SIMPSON ELECTRIC CO. 
5200 -5218 Kinzie St., Chicago 44, Ill. 

o 

I N STR UM ENTS THAT STAY ACCURATE 
Buy War Bonds and Stamps for Victory 

CANNON CONNECTORS 
-in the most amazing places! 

The Rockettes, world - 
famed precision dancers 
of Radio City Music Hall. 

They tap out precision through 

CANNON CONNECTORS 
The high fidelity sound system of Radio City Music 

Hall -the world's largest theater, is connected, 

throughout, with Cannon Connectors. Cannon Plugs 

were selected for the job because they could he de- 

pended upon. They fit with precision, hold tight and 

are designed especially for the job expected of them. 

You can say that about all Cannon Connector,. 

The same connector precision demanded in aircraft 

instruments, in radio and television circuits, in tech- 

nical laboratory circuits, can be had in 

the circuits you use. All you have to do 

is specify Cannon Plugs. 

Above: Some of the various Cannon Connectors used in the Radio 
City Music Hall circuits. If you're interested in this type of con- 

nector write for P & O Bulletin. 

CANNON ELECTRIC 
Cannon Electric Development Co., Los Angeles 31, Calif. 

Canadian Factory and Engineering Office: 
Cannon Electric Company, Limited, Toronto 

Representatives in Principal Cities - Consult Your Local Telephone Book 
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The Importance of 

SPECIALIZATION 
Aside from outstanding and 
long -acknowledged technical skill - our "Specialization Formula" 
is probably as fully responsible 
for the world - renowned AUDAX 
quality as any other single 
factor. 

We proudly concentrate all our 
energies and resources upon 
producing the BEST pick -ups 
and cutters. Because we are spe- 
cialists in this field, much more 
is expected of us. Because the 
production of fine instruments 
like MICRODYNE is a full time 
job, it stands to reason that we 
could not afford to jeopardize 
our reputation-EVER--by mak- 
ing pick -ups a side -line. 

After Victory, you may expect 
AUDAX improvements, refine- 
ments . . . master -touches to 
heighten the marvelous fac simile 
realism of AUDAX reproduction. 

AUDAK COMPANY 
500 -C Fifth Ave., New York 18, N. Y. 

Creators of Fine Electronic - 
Acoustical Instruments Since 1915 

Send for your copy of our informative 
eePICK -UP FACTS" 

* Buy 
WAR BONDS 
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100 To 500 Mc 
THIS NEW oscillator, designed for use as a general- purpose 
laboratory instrument, uses the new Butterfly Circuit which 
obviates the difficulty of sliding contacts in any part of the 
circuit and provides a source of ultra- high -frequency power 
sufficient for most laboratory measurement needs. 

Some of its features are : 

Dial calibrated directly in megacycles with an accuracy of 1 per cent. 

Vernier dial with 100 divisions, covering the tuning range in 10 turns. 

Output through a coaxial jack to which is attached a pick -up loop to 
provide variable coupling to the oscillator. 

Output of one -half watt with the power supply furnished. 

Output up to one watt at the highest frequency with a 450 -volt power 
supply, provided certain precautions are taken in the operation of the 
oscillator. 
The Type 857 -P1 Power Supply furnishes a plate voltage of 350 volts 
and filament supply of 2.5 volts for the W. E. Type 316 -A tube used 
in the oscillator. 

Electron -ray tube incorporated in the power supply to show oscillator 
grid current. 

Type 857 -A Oscillator with Type 857 -PI Power Supply.. $250.00 
(for the combination) 

We are in limited production now for high priority war orders ; 

reservation orders for later deliveries are being accepted. 

A complete description appears in the G -R Experimenter for Novem- 
ber, 1944. If you do not have a copy, write for Bulletin 929. 

GENERAL RADIO COMPANY 
Cambridge 39, Massachusetts 
NEW YORK CHICAGO LOS ANGELES 
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350 WATT 
POLICE HEADQUARTERS 

TRANSMITTER 

CUSTOM BUILT 

POWER TUBE LIFE -TEST RACK 

00 WATT 

MARINE RADIO 
TELEPHONE TRANSMITTER 

AND RECEIVER 

,7Zatioe 
30 to 60 PAYS 
TEMCO can assure delivery of 250 Watt to 10 KW Trans- 
mitters for Broadcast and other services within 30 to 60 
days after hostilities cease and restrictions are lifted. 

Although our skills, at present, are devoted exclusively 
to producing Radar and special Electronic Equipment 
for the armed services involving mechanical and elec- 
trical complexities of the highest standards,' TEMCO 
engineering versatility and production flexibility are 
geared for a quick changeover to fill post -war orders 
rapidly. 

Ours is a long standing reputation for designing and 
building high quality communication and electronic de- 
vices. By placing your order now with TEMCO you will 
be assured of prompt delivery of perfected Transmitting 
equipment. TEMCO advancements in design, materials 
and construction are ready to serve you as an aid in the 
success of your post -war plans. 

Consult with us at your earliest convenience regarding 
your requirements. 

COAST GUARD 

ANTENNA TUNII 
UNIT 

RADIO COMMUNICATION EQUIPMENT 

TRANSMITTER EQUIPMENT MFG. CO., INC. 
345 Hudson Street, New York 1.4, N. Y. 

HETERODYNE 

FREQUENCY 

METER 
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