
www.americanradiohistory.com



Can YOU use this 

VARIABLE INDUCTOR 
Culminating a number of years of research, the UTC Variable inductor is an ideal tunable 

device for peaked amplifiers, filters, etc. This sealed unit measures I'. ""x 1'16"x 17;6". 

Available in inductance value from 10 Mhy. to 10 Hys. 
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I4UeP/7?9ié 
Time alone can prove how good capacitors are. The enviable reputation of 

Tobe Capacitors for long life rests on an almost complete absence of "returns". 

Such things don't "just happen". Back of Tobe Capacitors are constant 

research, specialized manufacturing experience and rigid inspections. Ratings 

are always on the conservative side. 

Whatever your condenser problems, we invite you to put them up to our 

engineers. You will receive prompt service and close co-operation. 

CONTAINER - 
13/i6" x 21/2" x 4" 

Dimensions of other 
TRS models on 

request. 

LONG LIFE ASSURED 

otuTSCHAiANN 

qeo 

SPECIFICATIONS FOR 

e TRS CAPACITORS 
MASSA 
CAPACITY-.1 to 50.0 mfd. RESISTANCE Terminal to Case- 

WORKING VOLTAGE- 
10,000 megohms minimum: 

600 volts DC to 6,000 POWER FACTOR-.002 to .005 
volts DC. 

VOLTAGE TEST Terminal to Case 
SHUNT RESISTANCE- 2,500 VDC for 600 volt 

15,000 megohms per mfd. condensers. 

Capacitor unit tested at 21/2 times rated voltage. 

Universal (wrap around) L or foot type and screw Spade -lu 
mounting brackets can be supplied. 

A small part in Victory today ... A BIG PART IN INDUSTRY TOMORROW 
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KEUFFEL & ESSER CO. 
EST. 1867 

CHICAGO . NEW YORK HOBOKEN, N. J. - sr. Lours 
SAN FRANCISCO LOS ANGELES DETROIT MONTREAL 
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GIOUIDS 
for post-war plans 

Westinghouse 
Electronic Tubes AT WORE 

4 
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TOMORROW is on the drawing boards 
of today! 

Yes, it's here in sketches, charts, plans- 
proved and being proved by today's en- 
gineers and designers. It's here in tried 
and tested formulae. Here in the perform- 
ance records of electronic tubes and 
countless other devices which bring 
Victory nearer! 

Consider now the help that Westinghouse 
and Westinghouse Electronic Tubes can 
give you! Tubes, which "stop" and record 
the flight of a bullet! Tubes w_iich make 
wood strong as steel, weld metals, clean 

Th yratron 
s 

for high speed 
sensitive and controlled 
rectifiers for such 

d purposes 
as welding control an 

Made motor speed control, in both mercury vaor and gas filled 
types.bulletins 

TD -81; TD 79. Ask for 

the air of every particle of dust in vast 
rooms! Tubes which see, hear, feel, per- 
form endless jobs with speed, accuracy 
and dependability! 

All this is yours to command in planning 
products ... electronic tubes built with 
all the care and skill for which Westing- 
house is famous ... plus the "know-how," 
the advanced technical assistance, West- 
inghouse can offer to help pre -prove your 
ideas for the post-war world of tomorrow. 

For further information, address West- 
inghouse Electric and Manufacturing 
Company, Bloomfield, New Jersey. 

Kenotron 
These high vacuum rectifiers 

sup- 

°ly 
high 

r use in Precipitron 
low current DC, 

voltage testing X -Ray, high 
9 and radio. 

Electrometer 
Tube 

ithure thesetubes 
it is possible to currentmeas as low as IC -'' ampere and to indicate 

currents as low as 10 -'e 
ampere. 
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Who said 
The Ham Is Finished? 

the radio that 
rumors to the effect frequency 

have been denied their old freq 
THERE going to be frequency old easq e be 

Amateurs were such high 

and given new bands 
g distance communication. 

bands, War? We are 
useless for medium and last 

Some rumors say "Remember h this time!" 
treatment denied their 

going to get the same «Hams" should be 
munictheir 

Now, 
place 

don't believe the that 
on her, we do not 

denied. 
in bands suitable for co ation 

rightful and fu onotbelieve 
beyond the horizon - - 

would want to see those privileges 
work 

our Government many battlefronts, 
"Hams" fighting 

on World wherein 
Are not the laboratories for a 

New is hobbies, his 

ingh in war factories bean live and enjoy 
makebi uph a 

able to which go to 
the individual andotherlpersonal freedoms 
church 
healthy, happy 

world? officials whose task 

among Government offi stem 
It is well-known time communications system 

at 

itwas 
the 

build 
and 

great war- this Without 
rank file of amateurscame r 

executives, 

taken a 

rs 

from engineers anddoubt 
and thousands it would n h 

haveo 
p 

nucleus of experienced 
men, resent high 

much longer time to reach the p kiting forces. 

in the communications 
branch of our g 

their ability 

emergency Amateurs have provedir 
Co t 

In every 
come to the aid of their small place 

and willingness 
unjustto 

to deny them that 

would be so as to these rumors 
W e do not believe 

ectrum privileges, we believe rather that 

in the radio sp 
coming out of war 

the e who will kb od 

much 
his 

justice 
just teof 

this. 

those who speak so 

see to it that the Amateur receives his ] 

appreciates the 
will knows well, and 

m 

made for the advancement 
The entire o industry 

ms" have and surely 
advancement 

h contributions freqnycommunications, fining his 
theyto 

high frequency radio comm «Ham in regaining 
to assist the 

can be counted on 
conies. 

privi- 

leges when the right time 

CO., Inc. 

HAMMARLU ND 
MANUFACTURING 

New York 1, N. Y. 

460 West 34th Street, 
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One o/ a met ies bes ha the wseklwit) 

'NAVY 

PEREX 
WATER AND AIR COOLED 

TRANSMITTING AND RECTIFYING TUBES 

Checked and double checked. That's the all -the -way history of Amperex 
tubes through every stage of construction. No chances are taken. Even 

after tubes have been aged, seasoned and subjected to severe tests, each 
day's production must hurdle final examination in our x-ray rooms. Here, 
an exhaustive analysis is made to determine the presence of invisible be 
defects. When we pronounce the tubes "bottled to perfection" - they 
are! More than 100 different types of Amperex tubes are available for 
broadcast, industrial and electro -medical applications. Each one with 
"Amperextras" which assure operating efficiency and longer [life. 

AMPEREX ELECTRONIC PRODUCTS 
79 WASHINGTON STREET BROOKLYN 1, N. Y. 

hi h ,prr/ 

"BLOOD PLASMA MEANS LIVES SAVED ... KEEP IT FLOWING TO THE FRONT" 
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* Oil Impregnated -Oil filled * Oil Sealed * Ceramic or Bakelite Tubes * Bakelite Cement Ends 
(Oil Proof) * Suitable for Operation 
750 to 1000 C * Ideal for Extreme High 
Altitude Duty * No Danger of "Flash Over" * No Metal for 'Body Capacity" 

* No Infernal Corrosion 

DUE TO ITS 

CONSTRUCTION 

The Egyptian Pyramids stand 
majestically, through the ages, as 
mute witnesses to the skill and rugged 
craftsmanship of the thousands of 
slaves who toiled to erect them .. . 

TODAY ... not slaves ... but creative 
engineering skill and willing hands 
achieved the same result with the new 
DUMONT TYPE PC2 Oil Paper 
Capacitor ... an oil impregnated oil 
sealed capacitor that gives assured 
"LONGER LIFE" for continuous oper- 
ation . . its special features and 
construction are exclu-sive with 
Dumont. 

DUMONT 
ELECT PIC CO. 

MFR'S OF 
CAPACITORS FOR EVERY REQUIREMENT 

34 HUSERT STREET NEW YORK, N. Y. 

BUY 
BONDS 
NOW 
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Federal 
almost two decadese that 

For made better tubes-tubes ub 
construction, has m design and 

surpass in 
of materials, in crafts - 

in quality 
performance. ndofthisrecordof 

The intensive re- 

search 

ent 15 the scien- 

tific 

of a 
achievement fion 

producing 
organization 

P continues tific set and 
standards 

of 
that hashighest 
maintain the t. 
the tube 

building ar Federal 
in supporte of Feder is 

tube quality 
and performance always 

Federal customer 
and prepared to handle the 

rep t stations in 
ready dcas 
problems 

meeting any regwrement 
or enter - 

That 
Federal's estab- 

gencY' bet- 

ter 

is tor building 
lisped 

transmitting 

or.and rectifying 

ter irons=uittin4 during founda- 
rests on an enduring don' ly 

tubes rederal 
fion: why satisfaction 

customer satisfaction, now 
customer leading broad- 

cast 
by many ou 

cast bons, is available of 
cast reluire 
Whether types or whether 

you 

hstandard ve a tube Problem 
ta 

erol $ervice 
will prove have a P 

solve, Fed 
to your interests. 

profitable 

s - 

long experience 
and engineer- 

ing 

for deign- 
ederal's 'hat 
in9 talent also ore 

equipment 
transmitting reQuireren°s. ing your specific 

Will meet 

of broa 

Corporation orpor 

Radiof9deral 
' Newark, N. . 

°-4rR' , 
VACUUM 

TUBE DIVISION 
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Components that help you 

NEW AND UNUSUAL 

ITEMS CONSTANTLY 

BEING ADDED TO THE 

GENERAL ELECTRIC LINE 

OFFER BROAD DESIGN 

POSSIBILITIES 

For electronic accomplishments considered "impossible" a few years 
ago-but now a commonplace of war-major credit goes to you and 
your design engineers. But the important part played by G -E electronic 
components is illustrated by a recent case: 

Under newly encountered operating conditions in combat service, 
was found that radio communication failed. General Electric engineers 
re called in. They developed a special pressure switch whose 
omatic operation eliminated these failures. The new component, 
pie and inexpensive, has proved to be extremely reliable under 
bat conditions in all theaters of the War. 

any electronic components of equal importance, and even wider 
plication, are constantly being developed by General Electric. In 

ordance with long-established practice, every one of these new 
tims is thoroughly engineered and precision -built of the finest materials 

available, and each is subjected to stringent laboratory and field tests 

before it goes into production. 
The majority of these new G -E electronic components are available 

only for military use or for war production. Though little can be pub- 
lished about their design, and less about actual applications, full in- 
formation can be furnished in confidence to manufacturers of electronic 
equipment. For such data please get in touch with the nearest G -E 

office. General Electric Company, Schenectady, N. Y. 

A few of the tfbu:ands of twpes and sizes of G 
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Smooth Power Control 
AT THE TURN OF A KNOB 

VARIABLE -VOLTAGE AUTOTRANSFORMER used for 
smooth control of uninterrupted voltage and small amounts 
of power. Mechanically strong, compact, and light in weight, 
designed for panel or bench mounting. Operates on low input 
power and low exciting current, with. high efficiency and 
excellent regulation throughout entire range from zero to 
full load. Made in three capacities. Bulletin GEA -3635A. 

Constant Output Voltage ... 
FROM VARYING INPUT 

AUTOMATIC VOLTAGE STABILIZER used in conjunc- 
tion with equipment requiring closely regulated input voltage, 
Provides practically instantaneous correction of voltage 
changes caused by either a changing input voltage or varia- 
tion in magnitude of the load. Has no moving parts, requires 
no adjustments. Bulletin GEA -3634A. 

BUY WAR BONDS 

COMPONENTS 

FOR 
ELECTRONIC 

EQUIPMENTS 
Capacitors 

et'mit Thyr'ensanide 
enntrol 

and tlme.dela 

Motors, 
multicirc 

a t. and melted resistors 

generator 
dynamotors 

a 
other switch 

sets molidr es 

tr ansformers mer magnet Small panel 

str 

Former 

wire 
Radio 
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A "Brush -Up" Book! 

you'll wan 

"THE TECHNICAL EDITOR SPEAKS" is a refresher booklet 
that brings you up-to-date on the technical terms and testing 
procedures used in measuring the properties of metals. It's 
a handy, useful guide for anyone who specifies, works or 
uses metals. 
J It tells you what you want to know about their mechanical 
properties ... how they are determined and how the infor- 
mation is used to judge metals for practical applications. 
Compiled from a series of articles written by THE DEVEL- 
OPMENT and RESEARCH DIVISION of THE INTERNATIONAL 

NICKEL COMPANY ... it includes discussions and descrip- 
tions of the properties listed below. Send for a complimen- 
tary copy today. 

USE THIS e.COUPON 

L 

THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 

Please send me copy of "The Technical Editor Speaks." 

Name 

Title 

Company 

Address 
E-3-44 

24 PAGES OF INFORMATION ABOUT METALS 

TENSILE PROPERTIES 
Yield Strength, Proportional 
Limit, Proof Stress, Rigidity, 
Modulus of Elasticity, Ductil- 
ity. 

TORSIONAL PROPERTIES 
Twist Resistance 

SHEAR STRENGTH 

HIGH TEMPERATURE PROPERTIES 

THERMAL EXPANSION 

LOW TEMPERATURE PROPERTIES 

FATIGUE 
Effect of Keyways on fatigue 
of shafting. 

HARDNESS 
Brinell, Rockwell and Vickers 
Tests. The Scleroscope. 

TOUGHNESS 
Impact Strength. Izod and 
Charpy Tests. Tension and 
Torsion impact. 

METAL IDENTIFICATION TESTS 

PHYSICAL CONSTANTS AND 
MECHANICAL PROPERTIES OF 
IMPORTANT METALS 

CONVERSION TABLES 
Measurements. 

DEFINITION AND GLOSSARY 
OF TERMS 

INC NICKEL ALLOYS' 
MOREL "K" MINCI "S" MOREL "R" MOREL "KR" MOREL INCONEL "Z" NICKEL NICKEL 

Sheet...Strip...Rod...Tubing... Wire...Castings 
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Main line telegraph com- 
bination set as supplied to 
the Signal Corps in 1898 

FOOTE, PIERSON 

INSTRUMENTS WERE 

SERVING THE NATION 

.,. cem Poct P«55 

MIAMI 1 IY Y 
Ott 

SERE WAS A VICTORY that brought 
cheer and encouragement to the home -front in the 
days of the Spanish-American War. Even then news 
travelled fast-by means of telegraph equipment 
which Foote, Pierson & Company built at that time 
for the Army Signal Corps.. 

Before the turn o1 the century, Foote, Pierson & 

Company also was experienced in the manufacture 
of telephone switchboards, fire alarm boxes and 
recorders, X-ray equipment and delicate scientific 
laboratory apparatus-ail of which required a high 
degree of technical skill. 

To this background of 48 years of extensive experi- 
ence and fi'n' é craftsmanship have been added the 
type of personnel and facilities which have made 
possible the wartime mass production of close toler- 
ance electronic and mechanical apparatus-without 
impairing our high standards of performance. 

As tomorrow's progress is rooted in achievements 
long past, the history of Foote, Pierson & Company 
is assurance that our participation will facilitate the 
development and manufacture of your future elec- 
tronic products. 

3E1141004:»TE lElbIER.SON .áic CO *NC 
MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1896 

75 Hudson Street 10.Newark 4, N J. 
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ELECTRONIC 

Development.. 

Efl, ineerin .] 
. . -g - 

Production .. . 

ERIE SUPPRESSORS 

. 

ERIE RESISTOR CORPORATION 
14 
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COMPONENTS 

edcton 
Erie Resistor has made many contributions 
to the progress of the Electronic Industry 
through the development of accurate, de- 
pendable components. In 1933, Erie Resistor 
introduced the first insulated 1/2 and 1 watt 
carbon resistors. Three years later, Erie 3e- 
ramicons, a new type of silvered ceramic 
condenser, with definite reproducable tem- 
perature characteristics, were made avail- 
able for American radios. The continued 
development of this basic principal of con- 
struction has kept pace with industry's re- 
quirements, with Ceramicon Trimmers and 
high -voltage transmitting Ceramicons. For 
V.H.F. and U.H.F. applications, where low 
series inductance is essential, Erie Resistor 
developed Button Silver Mica Condensers 
and Disc Ceramicons. 

Behind these developments are the Erie 
Resistor Engineers who have also designed 
most of the automatic machinery and other 
production equipment necessary for the eco- 
nomical manufacture of Erie components. 
These men have the theoretical knowledge 
and practical experience necessary for the 
design of new types of components for F M. 
and Television. Electric equipment manu- 
facturers are invited to consult with the Erie 
Resistor engineering department on their 
condenser and resistor design problems. 

The facilities for producing Erie Resistors, 
Suppressors, and Condensers have been 
more than doubled to take care of wartime 
needs. The Army -Navy "E" Flag, which flies 
over the four Erie Resistor plants in Erie, is 
a tribute to Erie Resistor employees' all-out 
effort for war production. 

Let's AH Back The Attack 
BUY WAR BONDS 

DISC CERAMICONS 

FEED-THRU CERAMICONS 

ERIE, PENNSYLVANIA 
ELECTRONICS - March 1944 15 
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TODAY'S FAMILY ALBUM is no longer a pic- 

torial record, but rather that treasured col- 

lection of the world's favorite music and 

musicians-"Bix" Beiderbecke-Toscanini- 
Tibbett and Sinatra-Beethoven's Fifth and 

Fats Waller. 
So important have these albums become 

that the first postwar demand of these record 

devotees will be a perfected, simple to oper- 

ate, precision -performance record changer. 
We envision a device that not merely plays in 

sequence, but acts as a magical, mechanical 
master -of -ceremonies, performing for unin- 

terrupted hours, selecting at the owner's 

whim, executing request numbers, rendering 
encores, manipulating the records in any 
arrangement. 

We at G. I. are anticipating this demand. 
In the postwar era a still greater portion of 
our activities will be devoted to the mass pro- 

duction of Automatic Record Changers with 
innovations and improvements of great sig- 

nificance. 

ti,,, 
\ndustrY tobeso 

QinY/GGv 
,hhl!yy 

~ 
PR 

n4hctmfflzt wciA. 
829 NEWARK AVENUE, ELIZABETH 3, N. J. 

PHONOGRAPH RECORD CHANGERS -HOME PHONOGRAPH RECORDERS -VAR!- 
ABLE TUNING CONDENSERS -PUSHBUTTON TUNING UNITS AND ACTUATORS 
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THIS BIG 28 PAGE BROCHURE IS "MUST" READING FOR ENGINEERS 

Don't fail to get your hands on a copy of this book 
of data. It's the "last word" on the subject of 
glass -bonded mica, from the history of the prod- 
uct to its almost -endless applications. It shows 
that MYKROY differs in formula from the earlier 
glass -bonded mica materials, and states the case 
for MYKROY as the perfect dielectric for the more 
exacting needs of all high frequency circuits. 

Here is a wealth of information about advanced in- 

sulation, including many useful charts and graphs. 
Here are results of tests, and the official ratings. 

This book will show you why we can solve your 
insulating problems and help to improve the effi- 
ciency of your product. It will show why our plant 
and facilities have been increased more than 
4000%, and that there is NO SHORTAGE of MYKROY. 

Use the coupon to order your copy. But please fill 
in firm name and title clearly. 

CS 
pie 70 Clifton Boulevard, 

Clifton, New Jersey, U. S. A. 
Gentlemen: Yes! I want the book of facts about the advanced 

electrical and mechanical properties of MYKROY insulating material 

N 

Name 

Company 

Address 

Title 

CHICAGO 47: 1917 NORTH SPRINGFIELD AVENUE 
EXPORT OFFICE: 85 BROAD ST., NEW YORK 4, N. Y. 
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OF SKILLED HANDS 

One of the world's masterpieces 
in marble-"The Kiss'', by the cel- 
ebrated French sculptor, Auguste 
Rodin (1840-1917), creator of the 
famed and familiar"TheThinker". 

Mach nes can do almost anything. . . . But it 
takes more than machines to create an elec- 

trcnic tube_ tube may he brilliantly engineered 
for elect roue and mechanical advancements. It may 
coitain th- highest quality components. Yet it will 
he to betUr in performance than the skill and care 
of tie hands that assembled it. . . . Each tube that 
leaves the UNITED testing line is an industrial mas- 
terpiece. bto its manufacture has been wrought the 
perfect bar (I workmanship which is the counterpart 
of its perfcct design 

ELECTRONICS COMPANY 
NEWAR X, 2 New Jersey 

'ransmilting Tubes EXCLUSIVELY Since 1934 
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THE HALLICRAFTERS-BUILT SCR -299 -- 
Another place where Belden wire goes to war 

-_.. 

,__ il 
aripi peamen_ 

Conpac-, powerful Exruìpme xt in the E-C:E 299 
-permit two-way communication while s out 
ca= is trEveling at h_gh spe.E ds. 

Àwöi-éd iheT. fem- 
ur y Speciol Citation of 

Merit for inifia. hIg /le Vsc 

B,d-or-Cash D vid-nd P as 

American ingenuity and sicil have g -ven 
the Allied Forces another poweiful war 
weapon --1_e Ha L-c=afters-kui]t Sim -229, a 
sturdy, versatile m bile c:mrrunicaticns 
-.init. In this fast-mDving war, with speed 
and coordina-ior_ al_ important, xependab_e 
commun_caticn plays a vital part. 

In the SCR -299 unit, and in many other 
Types of Signal Corps equipment, there are 
hundreds of feet of Belden wire. 

Belden Manufacturing Company 
4625 W. Van 3Lren Stree- 

Chicaço 44, Illinoés 

ide 
E Q U 13 M E N T 
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MODEL NO. 1632 

CONTINUOUS COVERAGE -100 KC. TO 120 MC. ALL FREQUENCIES FUNDAMENTALS 

A complete wide -range Signal Generator in keeping with the 

broader requirements of today's testing. Model 1632 offers accu- 

racy and stability, beyond anything heretofore demanded in the 

test field, plus the new high frequencies for frequency modulated 
and television receivers, required for post-war servicing. Top- 
quality engineering and construction throughout in keeping with 

the pledge of satisfaction represented by the familiar Triplett 
trademark. 

Of course today's production of this and other models go for 
war needs, but you will find the complete Triplett line the answer 
to your problems when you add to your post-war equipment. 

Tri eft 
ELECTRICAL 

BLUFFTON 

INSTRUMENT CO. 

OHIO * * 

Triple shielding throughout, Steel 
outer case, steel inner case, plus 
copper plating. 

Ail coils permeability tuned. Litz 
wire wound impregnated against 
humidity with "high -Q" cement. 

Noce sections individually shielded 
with pure copper. Entire unit en- 

cased in aluminum shield. 

18 
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G -E VACUUM CAPACITORS ARE 

OF I!MILARLY RATED AIR CAPACITORS 

Type GL -IL 36 and 38 - 7500v 
(Size 33/e" I 15/e") 

Type GL -IL 22 and 23 - 16.000v 
(Size 4V:" 115/e") 

SMALL HIGH-CAPACITANCE UNITS 

Internal voltage breakdown curves 
for air and vacuum capacitors of 
same rating. G -E vacuum capacitor 
at left, constant at all altitudes. 

ItE Vacuum Capacitor 

- 16 

7.6 RV 

2 3 4 6 6 

Altitude Miles 

20 Kv 

10 kV 

o 

Air Capa 

0 1 2 3 4 6 6 
Altitude Mille 

azier 6Fe,1jRJ7/ 
Maintaining a long and constantly 
growing record of electronic "firsts," 
General Electric has pioneered and 
developed a new, unique line of vacuum 
capacitors having high capacitance 
heretofore considered impractical. 

G -E vacuum capacitors are made 
respectively for peak voltages of 7500 
and 16,000 in capacitances of 12, 25, 50 
and 100 mmfd. 

The remarkably small size of these 
G -E capacitors permits the compact- 
ness of design which is so important in 
circuits (especially high -frequency) 
common in military, aircraft, and ama- 
teur radio equipment. 

Other advantages: Since there is no 
heating in the vacuum dielectric, and 
the total capacitance is lumped into a 
volume of about 1 -cu. in., G -E vacuum 
capacitors are virtually loss -tree. In- 
ternal voltage breakdown is constant, 
and is independent of altitude, tempera- 
ture, humidity. Dust and other foreign 
matter have no effect on them. Stem- 
less, electronically welded construction 
gives great rigidity. Savings in critical 
materials are reflected in lower costs. 

A G -E "first" in industry, too! G -E 
vacuum capacitors are ideal in elec- 
tronic heating apparatus where high 
voltages and heavy currents are pres- 

ent. No mica to deteriorate under heavy 
stresses; no dielectric losses due to dirt, 
moisture, and other factors! No large, 
cumbersome capacitor device is neces- 
sary -'since these capacitors may be 
used in parallel with each carrying its 
share of the heavy current. 
Write Today for Bulletin ET -2 -"G -E Vacuum 
Capacitors." It includes nomography to help 
you select the right capacitor for the job. Address 
Electronics Department, General Electric, Sche- 
nectady, N. Y. 

Tune in "The World Today" every evening 
except Sunday at 6:45 E.W.T. over CBS. On 
Sunday listen to the G -E "All Girl Orchestra" 
at 10 P. M. E.W.T. over NBC. 

G. E. HAS MADE MORE BASIC ELECTRONIC TUBE GENERAL DEVELOPMENTS THAN ANY OTHER MANUFACTURER ELECTRIC 
141-çs 

ELECTRONICS - March 1944 
I4 

www.americanradiohistory.com



COMPLETE G -E EQUIPMENT 
for wide -range, high-fidelity 

FM broadcasting 
1. FM Broadcast Transmitter. G -E two -section 
1000 -watt transmitter, consisting of basic 250 - 
watt exciter and 1000 -watt radio frequency 
amplifier. Others from 250 -watt to 50 -kw 
ratings. 
2. FM Broadcast Antenna. Circular type-an 
exclusive G -E development. Easy to tune and 
adjust - increased power gain. 

3. FM S -T Relay Transmitter (25 watts) for re- 
laying, without wires, local studio programs to 
remotely located broadcast transmitter station. 

4. FM Station Monitor for checking center fre- 
quency, percentage modulation, and fidelity. 

S. FM S -T (studio -to -transmitter) Directional 
Relay Antenna that provides a 100 -fold power 
gain when used at both the studio and station 
transmitters. 
6. FM Receiver. Full fidelity FM with noise 
levels as low as the circuits themselves and 
less than 2% distortion. 

7. Transmitter Tubes. Developed from a long 
list of G -E basic electronic -tube "firsts," G -E 
transmitter tubes carry the definite assurance 
of maximumeconomy, efficiency and service life. 

www.americanradiohistory.com



HEN you start planning your 
post-war FM station, make full 

use of General Electric's broad FM 
experience and "know how." 

You can have the full benefit of 
the background and knowledge of 
the only manufacturer with expe- 
rience in building the complete FM 
system ... from transmitter right 
through to home receiver. You can 

have the full benefit of exclusive G -E devel- 
opments such as the FM circular antenna, 
and the studio -to -transmitter relay system 
which enables you to establish your studio 
for maximum convenience and your trans- 
mitter for maximum coverage. And, when 
you install your G -E equipment, we will 
put on an aggressive FM receiver sales 
campaign in your area to help you es- 
tablish your station and to broaden your 
listening audience. 

General Electric's own FM broadcasting 
experience, which includes more than 3 
years of programming through its own 
proving -ground station WGFM, will give 
you valuable programming information. 
General Electric equipment is installed 

in more than a third of all the commercial 
FM broadcast stations now in operation; 
and six exclusive G -E S -T relays, with 
thousands of hours of continuous broad- 
cast operation, are now serving their 

stations. These provide examples where 
practical operating and maintenance costs 
are a matter of record. 

Thus does widespread proof of perform- 
ance supplement the years of development 
and engineering that have made G. E. 
unquestionably the leader in FM radio 
equipment. 

50 FM STATIONS ON THE AIR 
80 APPLICATIONS PENDING 

NOW IS THE TIME TO PLAN 
YOUR POST-WAR FM STATION 

Write for "How to Plan an FM Station." along 
Kith other helpful booklets and bulletins on how - 
other broadcasters established themselves; on FM 
transmitters, antennas, and associated equipment. 

Reserve your post-war FM equipment now 

General Electric offers you "The G E Equipment - 
Reservation Plan." This plan will help you securë 
your place in radio broadcasting poet -war. It will_ 
enable you to establish a post-war priority on a 
broadcast transmitter and associated equipment. It, 
will enable us to plan definitely for quick post-war 
deliveries. Write for "The G -E Equipment-Reser= 
cation Plan"-address Electronics Department, 
General Electric, Schenectady, N. Y. 

Tune in General Electric's "The 
World Today" and hear the news 
from the men who see it happen, 
every evening except Sunday at 
6:45 E.W.T. over CBS network. 
On Sunday evening listen to 
the G -E "All Girl Orchestra" 
at 10 E.W.T. over NBC. 

J 
STATION -AND STUDIO EQUIPMENT TRANSMITTERS 
ANTENNAS ELECTRONIC TUBES HOME RECEIVERS 

! il 
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No. 11 IN A SERIES EXPLAINING THE USES OF ELECTRONIC TUBES IN INDUSTRY 

Electronic tube control makes 

label cutters "hew to the line" 

The G -E phototube and G -E thyratron are 

the electronic tubes used in synchronizing 

the operation of this packaging machine. 

Here the G -E phototube is being used 
in a photo -electric relay control-to elim- 
inate cumulative errors in label -cutting 
register caused by slippage, shrinkage or 
stretching of paper. It makes possible 
the use of a continuous web of paper 
(instead of individual precut sheets) 
with complete accuracy. 

As the web rolls through the process- 
ing machine, the phototube scans the 
margin for the register marks, and-in 
co-operation with the thyratron tube - 
G.E. HAS MADE MORE BASIC ELECTRONIC 

gives the co remand to "CUT" at pre- 
cisely the right instant. (Subsequent 
operations of the machine wrap and 
package the individual sticks of gum.) 

The G -E phototube is exceptionally 
versatile. It can operate with transmitted 
or reflected light; on transparent, opaque, 
dull, glossy, shiny, or colored material. 
... Its applications in counting, sorting, 
and inspection jobs are unlimited. 

The phototube is only one of a com- 
plete line of G -E electronic tubes now 

TUBE 

DEVELOPMENTS THAN ANY OTHER MANUFACTURER 

working for industry on innumerable 
jobs and many kinds of machinery. It 
is the purpose of G -E electronic tube 
engineers to aid any manufacturer of 
electronic devices in the application of 
tubes. Through its nation-wide distrib- 
uting system, General Electric is also 
prepared to supply users of electronic 
devices with replacement tubes. 

"HOW ELECTRONIC TUBES WORK" 

This booklet will be mailed to you without 
charge. Its 24 pages are interestingly illustrated 
and written in easily understood language. 
Shows typical electronic tubes and their ap- 
plications. Address Electronics Department, 
General Electric, Schenectady, N. Y. 

Tune in "The World Today" and hear the 
news direct from the men who see it happen, 
every evening except Sunday at 6:45 E.W.T. 
over CBS. On Sunday listen to the G -E "All 
Girl Orchestra" at 10 P.M. E.W.T. over NBC. 

GENERAL % ELECTRI9 
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TUBULAR CERAMICS 
Stupakoff Tubular Ceramics are made 
of materials selected for your particular 
applications in thousands of designs - 
single or multiple hole tubing and 
solid rods in a wide size range -only 
a few designs are illustrated. 

Stupakoff products are backed 
by years of engineering and manu- 
facturing experience. This experience 
is available to you upon request. 

m cc) mmmm 
Ou. 2.0 3.0 2.15 4.5 5.15 1.5 9.0 12,5 Mm 

BORE .4 .85 1.0 1.25 1.5 1.15 3.0 4.0 
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S.D. 1.10 1.85 :.25 2.75 3.25 4.25 5.0 7.5 

Ou. 3.15 4,5 5.75 1.5 

BORE .9 1.25 1.5 1.15 

0 0 
1,5 1.15 

0 0 Let's All Back 
1.5 ±.0 The Attack 

0 0 BUY 
Dia. 12.5 17.5 

1.5 2.0 
WAR BONDS, 

Boots 4.5 & 3.0 1.5 & 5.0 4.5 & 3.5 

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA. 

ELECTRONICS - March 1M9 44 23 

www.americanradiohistory.com



RANSOME pavers built Ameri- 
can highways. Now they are 

rushing airports along our battle 
fronts. 

Every hour of construction time 
they can save gives that much 
advantage to our fighting airmen. 

Paving is a shattering job. And 
it used to be accepted that fre- 
quent take-ups and tightening 
were part of paver maintenance. 

But no more! Not since Ransome 
began using Elastic Stop Nuts- 
the nuts that stay put. 

Now the paver keeps on the go 
longer, and our planes fight 
sooner. 

The reason Elastic Stop Nuts 

hold tight in spite of wracking 
vibration lies in the elastic 
collar in their tops. This snuggles 
close around the bolt threads, 
grips them and prevents the nut 
from turning and loosening. 

Countless fastening problems lie 
ahead in the coming days of peace. 
Many of them will be solved suc- 
cessfully with Elastic Stop Nuts. 
Products will be safer, and longer - 
lasting. Production equipment 
will stay at work with less main- 
tenance. 

If you are faced with a fastening 
problem, feel free to call upon us. 
Our engineers will gladly help you 
solve it and suggest the proper 
Elastic Stop Nut. 

ELASTIC STOP NUTS HELP 

BIG, BUSY RANSOME PAVERS 
DO MANY VITAL WAR JOBS 

"Concrete road pavers are subjected to 
tough, grueling work, especially on twenty- 
four -hours -a -day service, for which many 
Ransome Pavers have been called upon in 
the construction of airport runways since 
the war started. All told, there are about 
1,200 Elastic Stop Nuts used on every 
Ransome Paver we build. By substituting 
Elastic Stop Nuts for the ordinary kind, 
we are helping the Ransome Paver owner 
minimize his maintenance job because the 
nuts are self-locking and vibrationproof- 
No time out for tightening-no extra hours 
of labor to take up slack. Elastic Stop Nuts 
also simplify our shop assembly job. They 
are a further contribution to the improve- 
ment of our paver, which is our constant 
goal." 

Chief Engineer 

RANSOME MACHINERY CO., DUNELLEN, N. J. 
Subsidiary of Worthington Pump and Machinery Co. 

ESNA 
TRADE MARK OF 

ELASTIC STOP NUT CORPORATION 
OF AMERICA 

ELASTIC STOP NUTS 
Lock fast to make things lust 

NLON, NEW JERSEY AND 
LINCOLN, NEBRASKA 

LOCKED ON 
THE BOLT BY 

THE ACTION OF 
/HE GRIPPING 
RED COLLAR. 

THE COLLAR 

IS ELASTIC, 
THE NUT CAN BE 

USED TIME AND 
TIME AGAIN. 

a11! S -MI» 
MADE MADE IN ALL SIZES AND TYPES- WITH 

THREADS TO FIT ANY STANDARD 

TYPES OF BOLTS. 
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lege /V1 

Lepel Induction Heating performs the most intricate 
soldering jobs -FASTER, BETTER, and atLO WER COST 

Here is a set-up designed by Lepel engi- 
neers, to cut the time and cost of silver - 
soldering a 3/4" tube 33/4" long inside a cup - 
shaped stamping 3" diameter by 33/4" deep. 

Jigs hold the parts in position for solder- 
ing. After they are fluxed, pre -formed rings 
of silver solder are placed in position and 
heat is applied by the specially -designed 
high frequency load coils. 

As the heating cycle is automatically con- 
trolled, six assemblies can be soldered at 
one time, the operator placing the parts, 
fluxing and positioning the solder rings on 
six assemblies while another group of six 
assemblies is being heated. Thus, almost 

continuous production is at- 
tained and costs minimized. 

Since the heat is generated 
within the metal itself, the 
solder penetrates throughout 
the seam. Accurate tempera- 

ture control and concentration of the heat 
in the seam minimize discoloration. 

Lepel Induction Heating solders or brazes 
all ferrous and non-ferrous metals, using al- 
loys of any melting point. Manual or auto- 
matic operation is possible and the work can 
be synchronized with other operations to 
provide continuous -flow production. 

The same compact, portable Lepel Unit, 
with simple changes of the load coils, càn be 
used for other soldering and brazing opera- 
tions or for hardening, annealing, stress - 
relieving or melting. 

Lepel field engineers will gladly study 
your soldering, brazing or hardening opera- 
tions and offer suggestions for performing 
them more efficiently by the Lepel method. 

Lepel High Frequency Laboratories, Inc. 
Pioneers in Induction Heating 

39 West 60th Street New York 23, N. Y. 

HIGH FREQUENCY INDUCTION HEATING UNITS 
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FASTEST .. . 

30 feet per minute actual production speed 
with Pease "22" Continuous Blueprinting 
and Finishing Machine (not shown) pro- 
vides quality Blueprints in staggering quan- 
tities ... ON TIME ... NO WAITING. 

PEASE "22-16" 
Continuous Blueprinting 
and Finishing Machine-Pro- 
duction Speed, 20 feet per min- 
ute. (Model "22," not shown, has a 
Production Speed of 30 feet per minute.) 

PRO IDES THE BEST 

OF ALL TRACING 
REPRODUCTION METHODS 

LOWEST COST .. . 

As low as a cent (and even less) per 
square foot of finished Blueprints with 
Pease Continuous Blueprinting and Fin- 
ishing Machines ... much higher with 
other tracing reproduction methods. 

FINEST .. 
Blueprints - sharp white lines on deep blue 
backgrounds, virtually impervious to dirty 
finger marks. Blueline prints - sharp blue 
lines on clear white ... Both easy to han- 
dle, lie flat, conserve filing space. Good 
Blueprints can be made from old, soiled, 
worn or torn tracings ... impossible with 
other tracing reproduction methods. 

EXCLUSIVE PEASE FEATURES . . . 

Sliding "Vacuum -like" Contact smooths out tracings, prevents 
errors in printing. 

Three Speed Lamp Control provides operation at 10, 15, or 20 
amperes, minimizes running speed and dryer heat changes. 

Actinic "No -Break" Arc Lamps burn for 45 minutes without 
breaking arc, resume instantaneously. 

Horizontal "Floating" Water Wash floats prints 
free from tension and prevents wrinkles, stains, 
bleeding. 

Quick Change Chemical Applicator System 
very economically allows change from Blueprints 
to Negatives in 20 seconds. 

Eight -inch Diameter Drying Drums, ther- 
mostatically controlled, heated by gas or 
electricity, dry the prints "flat as hung wall- 
paper." 

VERSATILITY... 
Pease Continuous Blueprinting and Finishing Machines are not limited to making 

Blueprints alone. They also produce excellent Blueline prints, Brownprints and 

Brownline prints ... together with a Wet Direct Process Developing Attachment they 

provide a splendid method of making Black and White prints continuously... More- 

over, when used in conjunction with a dry direct process developing machine they 

afford a first rate system for making Whiteprints (dry direct process prints). 
Ask for a Pease Tracing Reproduction Specialist to help you with your problems. 

No obligation of course. 

THE C. F. PEASE COMPANY 
2639 WEST IRVING PARK ROAD CHICAGO 18 

A TYPE AND SIZE ;FOR :EVERY"REQUIREMENT INCLUDING 

DIRECT PROCESS PRINTING AND DEVELOPING MACHINES ivearle elieefr2isdisiy ,1iucitim.eá 

26 March 1944 - ELECTRONICS 

www.americanradiohistory.com



STRUTHERS-DUNN 
C O R P ORAT D 

" 

5,288 
TYPES OF 

RELAYS 
Each available in 

countless coil combinations 

1321 ARCH STREET, PHILADELPHIA 7, PA. 
DISTRICT ENGINEERING OFFICES: ATLANTA BALTIMORE BOSTON BUFFALO CHICAGO CINCINNATI CLEVELAND 

DALLAS DENVER DETROIT HARTFORD INDIANAPOLIS LOS ANGELES MINNEAPOLIS . MONTREAL 
NEW YORK . PITTSBURGH ST. LOUIS SAN FRANCISCO SEATTLE SYRACUSE . TORONTO WASHINGTON 
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MADE BY NATIONAL SCREW... 
Phillips Screws and Bolts...with the engineered 
recessed head...have been thoroughly tested and 
approved in an endless variety of applications 

TAPERED RECESS 

EXACTLY FITS 

CRUCIFORM DRIVER 

... CAN'T SLIP 

distinct advantages of the Phillips Recessed Head 

1. Self -centering on the driver 

2. Holds driver from slipping 

3. Four "wings" give greater driving power 

4. Eliminates head breakage 

5. Frees operator's hand to hold work 

6. Makes better appearance- 
prevents marring work 

7. Simplifies hard -to -get -at 
jobs 

¡ , n // NR¡A 
HEADED 

THE NATIONAL SCREW & MFG. CO., CLEVELAND 4, 0. 
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TOO GOOD JUST RIGHT NOT SO GOOD 

Admit it. Like any enlightened gentle- 
man, you too are a connoisseur when it 
comes to women. You can pick 'em; and 
no fooling. Feminine desirability we 
leave to you, but we do pride ourselves 
upon fashioning tubes "just right" for 
your electronic equipment. 

As you know, ideal production would 
yield only tubes with the exact character- 
istics required. In practice, Hytron sets 
close tolerances for all characteristics, 
and then painstakingly controls produc- 
tion to hit uniformly the centers of those 
tolerances. 

OLDEST EXCLUSIVE 

SALE M 

MANUFACTURER 
OF 

At.t D 

Does it seem strange that Hytron rejects 
not only tubes "not so good" but also 
"too good"? Consider a simple example. 
Mutual conductance is a figure of merit 
normally desired high. Once your circuit 
constants have been fixed for a standard 
tube, however, too great transconductance 
may give unstable performance. 

Hytron strives, therefore, to produce for 
you tubes which are standardized; uni- 
form tubes which - as originals or spares - will always be just right for the war- 
time radio and electronic applications you 
design. 

RADIO RECEIVING 
TUBES 

`OME.óárS 
N W B U R Y P O R T, MASS. BUY 

ANOTHER 
WAR BOND 
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- Illustrated at right is a typical crystal 
manufactured by Aircraft Accessories 
Corporation and used in both ground and 
plane radio installations by America's com- 
mercial airlines. Many other types of AAC 
crystal units are being supplied various 
branches of the armed service and other 
government agencies. 
Today, practically all AAC facilities are devoted 
to war production. Tomorrow, advanced AAC 
electronic developments will be available for the 
post-war worl. 
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REALIZING the extreme importance pláced by % s upçhe 
proper maintenance of their communi cr- on aci ií:;., Aircr 

Accessories Corporation has set aside a spe di ion . ' is crystal- ab - 
oratories to provide rapid delivery to airline nd a ciated communi- 
cations services of a variety of standard ystals. -Deliveries in limited 
uantities can be made within a few d after receipt of purchase order 

with adequate priority. 
In the manufacture of guar crystals, AAC development and pro- 
duction engineers empio e experience gained as one of America's 
largest producers of tr smitters and other precision radio equipment. 
AAC crystal units meet the most exacting requirements under se- 
vere operatin . nditions. Address all crystal orders and inquiries to 
Electronic . ivision, Kansas City, Kansas. 
The s ices of our Engineering Department in designing special equip - 

t are available to you without obligation. 
Products of 

ELECTRONICS DIVISION 
TRANSMITTERS AIRCRAFT AND TANK ANTENNAS 

QUARTZ CRYSTALS RADIO 

TEST EQUIPMENT 

« Type AA9 Crystal, 2.5 parts/million 
temperature coefficient, accuracy 
of carrier frequency .01%. Made 
in three models-A, G and E, 
covering total fundamental fre- 
quency range of 200 to 10,000 kc. 
Internal adjustment screw permits 
small amount of frequency control 
in the single crystal units, AA9A 
and AA9G. 

PROMPT DELIVERY 

CCESSORIES ORPORAI T ON 
AIRCRAFT EQUIPMENT HYDRAULICS ELECTRONICS 
City, Kans. New York, N. Y. Cable Address: AACPRO 

www.americanradiohistory.com



STE POWER 

USING "MISFIT" hf HEATING EQUIPMENT? 

Our equipment offers you 

ï o selection of frequencies 

up to 300 me-and the 

following power range, 

with stepless control from 

zero to full load: 

IT PAYS TO SELECT A UNIT OF 

CORRECT FREQUENCY AND POWER 

FOR YOUR APPLICATIONS 

Your hf heating unit may bear the naine of the 
most famous maker. But it's a costly white 

elephant if it can't give you the right FREQUENCY AND POWER 
combination to do your specific heating jobs with maximum electrical 
efficiency and economy. 

For example: when a heating operation can best be done at 5 kw 
and 22 megacycles, it doesn't make sense to be using 20 kw and a 
frequency of 500 kc. Why accept a misfit, when you can get a unit 
tailor-made to your specific needs? 

Our designs offer wide ranges of power and frequency. We can give 
you the unit you need, permitting your larger equipment to be released 
for work more suited to it. Our installations usually pay for themselves 
many times over during the first year. 

! Kw 

p;Kw 
io 

12': Kw 

15 Kw 

18 Kw 

25 Kw 

40 Kw 

100 Kw 

Designers and Builders of 

cs/Ks 

Write for detailed information 

rdeeté, 
DIVISION OF "S" CORRUGATED QUENCHED GAP COMPANY 

119 Monroe Street Garfield, New Jersey 

high frequency- converters since 1921 
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The Time-Terted Sta ¡lila rd of QUALIT 
in Resistance Alloys is 

Just as the jeweler's yardstick of quality in 
gold is "24 karat", the engineer's criterion for 
judging resistance alloys is "how does it com- 
pare with NICHROME*?" 

Although there are several excellent nickel 
and chromium combinations, there is only 
one NICHROME*. . . and it is made ONLY by 
Driver -Harris Company. 

NICHROME* contains more than a balanced 
union of nickel and chromium. The extra 

SPECIAL PURPOSE 

ALLOYS SINCE 1899 

ida 

. .. made ONLY by 

1 Driper - rlarrZs 
ingredient is a composite of such quality com- 
ponents as: exclusive agencies or additions to 
basic formulas ... expert and precise control 
of highly technical processes during all manu- 
facturing operations ... and, of course, our 
45 years of specialized knowledge. 

To insure dependable performance, long 
service and the "stamp of quality" vn your post- 
war products, specify NICIyROME* and other 
D -H resistance alloys. Trnde rFwr* Rry. L. 8. Ulr. 

E) rZver -rl arrZs 
C©1Ll)9AAA' 
HARRISON, N. J. 

BRANCHES: CHICAGO DETROIT CLEVELAND 
LOS ANGELES SAN FRANCISCO SEATTLE 
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7,J.-X,,,Zaydgexedia, 
TO SERVE YOU EFFICIENTLY 

IN PEACE 

Cammunication equipment by TEMCO has long 

been outstanding and widely used where utmost dependa- 

bility is required. Underlying this preference is the fDc- 

that TEMCO equipment is engineered and built wi-h the 

perfectionist's greater investment of time, materials anc 

wiring skill. 

TEMCO equipment is proving its better -built qualities n every 

branch of military and governmental service . . . L nder 

the most rigorous wartime conditions. 

Fresh from these exacting tests will come new and acvancied 

transmitting equipment by TEMCO, to serve yom civilian 

broadccsting needs with maximum efficiency. 
© 

TEMZD Model 25:-GGZ, 200 watts oetp-t, 
Al, A2, A3 enission; frecuency range 2 'o 
16 itegocycl_e, with trou sic.n for 4 cr),s-ol 

con-rn led frecuen:ie: anc electron coupled 
ncsier oscillator. 

-rEm:.D Model 1C00-AG-CW-6 fregiency 
mcto-driven band changing radio tele- 
croph transmitter. Power output 1000-1200 
wails 

TRANSMITTEREQUIPMENT MFG. CO., INC. 

345 -Judson Street New York H, N. Y. 
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GEl IN ON TUlSA 

SERVICE WEN , . , 

KEEP SENDING THOSE LETTERS! 

"Bi!) Halligan says that all the contest 

entries he's received so far have been swell -- 
he wants more letters tellin' about actual 

experiences with all types of Radio Com- 

munications equipment built by Hallicrafters 

including the SCR -299!" 

RULES FOR THE CONTEST 
Hallicrafters will give $100.00 for the best letter 

received during each of the five months of November, 
December, January, February and March. (Deadline: 
Midnite, the last day of each month.) 

For every serious letter received Hallicrafters will 
send $1.00 so even if you do not win a big prize your 
time will not be in vain. 

Your letter will become the property of Hallicrafters 
and they will have the right to reproduce it in a Halli- 
crafters advertisement. Write as many letters as you 
wish. V -Mail letters will do. 

MILITARY REGULATIONS PROHIBIT THE PJBLICATION OF 
WINNERS' NAMES AND PHOTOS AT PRESENT... MONTHLY 
WINNERS WILL BE NOTIFIED IMMEDIATELY UPON JUDGING. 

BUY MORE BONDS! 4pi y 

hallirrafters RADIO 
THE HALLICRAFTERS CO.. MANUFACTURERS OF RADIO AND ELECTRCNIC EQUIPMENT, CHICAGO 16, L. S. A. 
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Engineered to achieve a known result 
The great and rapid progress of radio is not due alone 
to mass production ... nor to the tinkerings of experi- 
menters. The real progress has come about through 
the diligent efforts of practical engineers who possess 
equal knowledge of production and experimentation. 
The source of the completed, practical, new develop- 
ments is the organization which melds the two talents 
... experimentation and production. 
Such an organization is Techrad. 

The antenna loading network in the 
well known Techrad TR-50XM Trans- 
mitter (shown in the above photo) is the 
result of advanced and original engineer- 
ing in the Techrad laboratory. This vital 
part...and it is just a part...owes its being 
to the experimenter within this organiza- 

- 

TECH RAD 

tion. Its clean cut construction and general appearance 
speak volumes to the experienced engineer who will 
recognize that it was, nevertheless, mass produced. 
Here then, is concrete evidence of the results that can 
be obtained under well-rounded engineering guidance. 

Techrad engineers have learned the knack of building 
radio equipment of superior quality and of building it 

in quantity. They have many experience - 
packed years behind them. Thus you can 
turn to Techrad for assistance ... whether 
for original engineering or for mass pro- 
duction to your specification ...with full 
confidence that anything they build for 
you will be built well. 

Remember: Master Engineering takes 
nothing for granted. 

Technical Radio Company 
Over ten years of continuous experience 

275 Ninth Street San Francisco, California 
Export Agents: FRAZAR & HANSEN, 301 Cloy Street, Son Francisco, California, U. S. A. 
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Excerpt from a letter written by a former . 

Breeze worker, now in our armed forces. 
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-what's in a iVame 
It All Depends on Past Associations and Present Circumstances 

There's plenty in a name - 
when it's the familiar trademark 
of an old employer, and a man 
runs across it thousands of miles 
from home. 

It means a lot to him then, be- 
cause he knows first-hand of the 
skill and experience that went 
into the manufacture of the pro- 
duct, of the inspections that it 
went through before it was judg- 
ed worthy to wear that trademark. 

IWO 
'"CORATIONS, INC. 

And then he realizes what that 
name represents-the pride of a 

manufacturer in a product, confi- 
dence in the future of the enter- 
prise. The trademark becomes a 

symbol of opportunity for the 
day when men will resume their 
places once again in a peacetime 
world. 

That's what's in a name-a re- 
minder of the past and a promise 
for tomorrow. 

NEWARK, 

PRODUCTION FOR VICTORY 

NEW JERSEY 

PRODUCTS FOR PEACE 

35 

www.americanradiohistory.com



EVERYacho-Kee M®eropltooe is 

outstanding Electro -Voice achievement is the Model 7-A, a desk 
m,ur_ting type communication microphone. Designed for and approved by 
the CAA, this microphone is extensively used for airport landing control in 
addition to a number of other sound pick-up applications. The smooth fre- 
quency curve, rising with frequency, gives extremely high intelligibility, 
even under the most difficult conditions. 

Another ... the now -famous Model T-45 "Lip Mike"... a noise -cancelling 
Differential Microphone ... was designed by Electro -Voice in close col- 
laboration with the Fort Monmouth Signal Corps. 

Every Dynamic, Carbon and Velocity Microphone in our 
complete line is DESIGNED by ELECTRO -VOICE. 

We maintain a network of distributors throughout the country. If your limited quantity needs 
can be filled by any of our Standard Model Microphones, with or without minor modifications, 
we suggest that you contact your nearest radio parts distributor. 

ELECIRO-VOICE MANUFACTURING CO., INC. 
1239 South Bend Ave. South Bend 24, Indiana 

EKPOKT DINLSlON:13 EAST 40th ST., NEW YORK 16, N. Y.- U.S.A. CABLES: ARLAB 
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"H HOUR" ON "D DAY" STRIKE'S - 
HE attack is oc! The army's ears are woiking 
full blast! All the circi:ts are open! From the C.O. 

-o the Ranger's Walkie Talkies, to the plane support, 
:o the tanks, to the artillery, to all the combat teams, 
-Jack anc forth, a sarge cf communications fills the 
air. The very success cf _r _e acvanc depen3s greatly 
-eon coLntless instruments of comaiunications. Vital 
in turn, tz their flawless per brmanc , are plastics like 
National Vulcanizes Fibre and Phenolix, lamiia:ed 
Bakelite. 

We salute the electrcnic engineers of America who 
have given to our fighting men a: the fret the very 
best in cjmmunications. 

NATIONAL VULCANIZED FIBRE CO. 
WILMINGTON li / DELAWARE 

Offices in Principal Ci:i's 

In instruments of conmunimtions of every 
description, parts o= Nolia-al Vulcanized 
=Bare and Phenolite, lami-ated Bakelite, 
nave extensive and varied .se. These pos- 
sess great dielectric strenç i, lightness in 
vreight and excepticnal wearing qualities. 
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IS THIS 
AIR CONDENSER -PROVIDING 

acwie RADIO TUNING 

As this tank - and others like it - push deep into enemy territory, 
it is vital that radio communications be received - distinctly! Here 
the variable air condenser of Radio Condenser Company plays a 

role of paramount importance: that of providing accurate tuning, 
so that every message will surely be received. 

Not only tanks, but planes and all types of radio communication 
sets use these variable air condensers. So, today, we are confined 
to production for our armed forces. But, tomorrow - post-war - call 
on us for any of our products - condensers or radio tuning devices. 

RADIO CONDENSER CO. 
CAMDEN, N.J. 

RADIO CONDENSER CO. LTD., TORONTO, CAN. 
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If it's in sheet metal 

e can make it! 

/Mil ac/ villes 
in sheet metal construction are as wide as the elec- 
tronics field itself. Our facilities include hundreds of 
dies which may be utilized to cut your own die costs 
or, perhaps, eliminate them entirely. 

An example of the Karp technique is this Junction Box 
in which are connected all wires operating an anti- 
aircraft searchlight unit. Originally, this Junction Box 
was made of caw aluminum. Material was scarce. 
Experienced machine shop mechanics and machine 
tools were difficult to obtain. It was our job to convert 
from cast aluminum to sheet steel. These are the 
results: 

The Karp -mace sheet steel Junction Box is stronger, 
lighter weight, better looking. 

Critical material is saved, costs reduced, deliveries 
expedited. 

Since Karp technicians are trained to reduce the 
solution of an assignment to the simplest, most effi- 
cient and most economical form, man hours - and 
man-cower-are saved. 

A sheet metal product is being produced with 
standard equipment without any special dies. 

If it's in sheet metal . . . we car: make it. The scope of our service can by no 
means be anticipated in printed li:'erature. What we can do can only be told when 
we know your individual problem. 

ARTISAN VIell II_IBMS 
S 

Q 

SHEET 

METAL 124 30th STREET . BROOKLYN 31, N. Y. 

HELP SHORTEN THE WAR . . . . . . . . . . . . . KEEP BUYING MORE 

CABINETS 

CHASSIS 

RACKS 

PANELS 

WAR BONDS 
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13 Miles above the ground... 
in a Philco Refrigeration Laboratory! 

Philco REFRIGERATION engineers solve a tough 
problem in the production of military equipment ... 
another example of how Philco's vast facil'"ties for 
research and production are serving our armed forces. 

AT Philco, airborne electronic equipment and air- 
craft radios pass the stratosphere test - of thin 

air and sub -zero temperatures-in the laboratory. 

This ingenious high altitude chamber faithfully 
duplicates every condition of temperature and pres- 
sure from sea level up to 70,000 feet! When aircraft 
equipment can maintain absolute accuracy and de- 
pendability at 70° below zero, with air pressure 1/20 
of normal-it's right! And only when it's right does it 
leave the Philco plant. 

The stratosphere chamber is just one of many 
instances in which the skill and experience of Philco 
refrigeration engineers have supplied the answer to 
the most difficult war production problems. It's an 

example, too, of the precision and quality which, after 
the war, will again make Philco refrigerators and air 
conditioners first in engineering, first in convenience, 
first in advanced design ! 

After Victory, Philco peacetime products will 
oPer the highest advancements of modern 
sc:hence for the homes and industries cf America. 

PHILCO 
CORPORATION 
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The Chicago Telephone Supply 
Company has specialized in variable 
resistors for mote than 15 years. 

Today, all mantfhrturing facilities 
ate devoted to xi ming -he war. 

Tomorrow. Chicoco Telephone Sup- 

ply will continue to serve the elec- 
tronic industries with the q-aality 
workmanship ar-d the service they 
rave known during the years. 

704424vetatxes/tees zet ---c.Aty reeceee 

Plugs, Jacks, Switches. Variable F esistos 

Representatives 
R. W. Farris 
2600 Grand Avenue 
Kansas City 8, Missouri 
Phone: Victory 3070 

Frank A. Emmet Co. 
2837 West Pico Boulevard 
Los Angeles 6, California 

%iteestcdsticar asseiOosreogrs gú tee .896 

Te ephore Generators and Ringers 

CHICAGO TELEPHONE SUPPLY 

ELKHART * INDIANA 

Branch 01 ices 
S. J. Hutchinson, Jr.. 
401 North Brood Street 
Philadelphia 8, Pennsylvania 
Phone: Walnut 5363 

In Canada 
C. C. Meredith & Co. 
Streetsville, antaro 
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HERE'S HOW MICAMOLD 

HELPS PROJECT -ENGINEERS 

WITH CAPACITOR PROBLEMS 

THIS WAS THE 

SMALLEST MOLDED 

PAPER CAPACITOR 

EVER MADE. BUT 

... IT WASN'T SMALL 

ENOUGH. 

PROJECT 

ENGINEERS NEEDED 

A SMALLER COMPONENT 

FOR ULTRA -COMPACT MILITARY RADIO. 

MICAMOLD ENGINEERS WERE HANDED 

THE. PROBLEM. 

TYPE 338 IS THE RESULT. 

The Type 338 is a paper by-pass capacitor molded in bakelite. Specially 

designed manufacturing equipment was built to produce it. The Type 338 

is very small, measuring only 3/" x 7/g'r x 7/32". And it weighs but 2.5 

grams. These units are used in large quantities in their special application. 

IF YOU HAVE A CONDENSER DESIGN PROBLEM, MAY WE SUGGEST THAT 

YOU CALL ON 

The solution to this problem is but one of the innumerable instances in 

which Micamold has successfully collaborated with project engineers. We 

would like to work with you on present or postwar applications. If it is 

electrically or mechanically possible, we can produce capacitors ... any 

type and size ... to your specifications. 

MICAMOLD RADIO CORPORATION 
1087 FLUSHING AVENUE BROOKLYN 6, N. Y. 

BUY 
MORE 
WAR 
BONDS 
...NOW 
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To really appreciate how your production schedule 
and product can benefit by these extensive facili- 
ties, call Muehlhausen in on your next spring job. 
Write for new booklet on hot -coiling springs. 
MUEHLHAUSEN SPRING CORPORATION 

Division of Stand nd Steel Spring Company 
760 Michigan Avenue, Logansport, Indiana 

"HOW DOES MUEHLHAUSEN MAKE THOSE 

SUPER -SIZE SPRINGS ?" 

Automatic tapering of bar ends prior to coiling 

Well-it's this way. Those big babies must be coiled hot, to 

extremely close tolerances ...and produced in quantity at 

P-38 speed. It's specialized work that demands very special- 

ized equipment. So-Muehlhausen has one huge plant totally 

devoted to hot forming. It is all conveyorized. Production 

is governed by a central laboratory. The quenching tanks 

are the size of swimming pools, and skyscraper -like shot 
blasters give springs clean, lustrous finish and added life. 

Precision hot -coiling springs on automatic equipment 

Precision grinding squares both spring ends at once Shipping finished springs in carload lots 

To improve product performance, use 

M UEHLHA USEN 

Designed 

SPRINGS 
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when something seems rotten in Denmark... 

THERE is a strange quality in us all- 
even in fact -minded engineers. We 
tend to suspect ourselves first when 
we're face to face with failure. We 
forget that human beings have no 
corner on error. 

Behind an apparent failure, for in- 
stance, may be the innocent face of a 
meter that failed to tell the truth. 

From there, calculations went hope- 
less awry and ended in a wad of 
paper held in an angry fist. 

We do not suggest that you mis- 
trust your tools. We do say-insist on 
sustained accuracy* in your metering, 
measuring, and testing instruments. 
Use instruments that through their life- 
time never waver from the truth. 

*SUSTAINED ACCURACY is not an easy 
quality to achieve. It must take into account 

all factors of use-must then employ the de- 

sign, the alloys, the construction that infalli- 

bly protect an instrument against all threats 

to its reliable performance. Such instruments, 

obviously, must be built with performance- 
not price-in mind. We invite the inquiries of 

those who are interested in such standards. 

instruments 

for Measuring, Metering C7 Testing Equipment * The W. W. Boes Co. Dayton, Ohio 
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Long ago National Union engineers had 
to strike out for themselves in search 
of new metals, alloys and coatings. The 
extremely high temperatures employed 

in tube making-brazing, for example, at 2 to 5 

times the heat customarily used-ruled out the 
use of metals common to most industries. 

So from the nation's electronic tube labora- 
tories there has come a whole new group of 
metals and combinations of metals. Here are 
special alloys for filaments, coils, grid wires, 
getters, electron guns and many other uses. And 

as these metals have provided characteristics not 
previously available, they have literally pulled 
wonders out of the Magic hat of electronics. 

In metallurgy, as in other sciences related to 
tube making, National Union is helping to push 
back the frontiers of electronic knowledge. And 
in the war record of National Union tubes you 
will see how well this scientific approach to tube 
building is paying off. For better tubes, after 
the war-Count on National Union. 
NATIONAL UNION 'RADIO CORPORATION, NEWARK, N. J. 
Factories: Newark and Maplewood, N. J., Lansdale and Rebesonia, Pa. 

---_ 
ÿ 

NATIONAL UNION 
RADIO AND ELECTRONIC TUBES 
Transmittir., Cathode Ray, Receiving, Special Purpose Tubes Condensers Volume Controls PhotsElearic Cells Panel Lamps Flashlight Bulbs 
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The stripped wire is merely 
inserted into the barrel of 
the indent type connector. 

MECHANICAL INDENTING IS THE 

SPEEDY MODERN METHOD FOR 

MAKING ELECTRICAL CONNECTIONS 

Hundreds of leads for electronic circuits are quickly Indent connected 

without a reject. Burndy Indent connectors are made in one-piece from 

pure copper; thus there can be no loosening of the connector, and there 

are no extra surfaces to couse increased contact resistance. 

This automatic Burndy H`fPRESS indents connectors as fast as the opera- 

tor can press the trigger. Used extensively Ivy aircraft and electrical 

manufacturers producing harnesses or leads in large quantities. 

The jaws of the Indenting 
pliers are then dosed around 
the connector barrel. 

'his makes on Indent of 
controlled depth, which as- 
sures a connection of high 
strength and high conduc- 
tivity, 

Inexperienced operators can make perfect Indent connections right from 

the start, and from three to ten times faster than by the older soldering 

methods. Absence of acid, which frequently causes finger burns, also 

makes job deaner and faster. 

Indent connections are used on rotary switches of all sizes; Burndy 

Indent connectors being evadable tor all wire sizes from #29 up 

through the larger cable sizes. 

HEADQUARTERS FOR CONNECTORS 
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A cross sectional view of 
the Indent connection under 
the microscope looks like 
one continuous, solid con- 
ductor. 

Indent connections on 
larger cable are made with 
hydraulic or pneumatic 
HYPRESSES, either portable 
or bench type. 

All connections in this panel on Diesel generating unit are mode with 
Burndy Indent connectors, both the straight barrel and the right angle 
types being used. 

Indent connectors are widely used on resistors and other small electrical 
components since they eliminate all troubles due to loose connections, 
and provide better circuit performance. 

Where leads or harnesses 
are produced in quantity, 
speedy automatic bench 
type HYPRESSES are used 
for Indenting. 

On this large recti ier unit all connections are of the permanent indent 
type. View slows onlly terminus; but Indent connects -1 are also avail- 
able for end -to -end as well as detachable connections. 

Indent Connectors are used on battery jumpers, too. because of their 
permanence, and their high conductivity . .. For comaleto information 
on Durndy Indent Connectors write to Connector Headquarters. 

BURNDY Engineering Co., Inc. 
107 EASTERN BOLIEVARD, NEW YORK 54, N. Y. 

in Canada: Canadian Line Materials Limited, Toro1tt613 
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SAVE SPACE 
WITH LEXEL INSU LATEO WIRE 

When designs call for extra compactness and light 
weight of electrical installations, you'll find real help 
in LEXEL-insulated wire. LEXEL insulation tape pro- 
vides maximum protection with minimum bulk and 
weight. It's especially useful for a wide variety of low- 
tension applications, such as instruments, controls, 
lead-in and hook-up wire and electronic circuits, where 
space is scarce. 

But small bulk and weight aren't the only ad- 
vantages offered by LEXEL insulating tape. The 
conductor is always CENTER -SEALED. LEXEL forms 
a continuous helical tube in which the conductor is 
automatically and permanently centered through every 
inch or mile of its length. It's heat sealed-and no 
extra material is needed for this extra insurance against 
off -centering. 

The qualities of LEXEL (cellulose acetate butyrate) 
have earned approval for a wide variety of military 
installations. These same characteristics of high dielec- 
tric strength, high insulation resistance and low 
moisture absorption will make it equally valuable for 
the improved new products of peace time. 

On your request, we'll gladly send test samples, 
specifications and names of manufacturers supplying 
LEXEL insulated wire and cable. 

CUSTOM-MADE INSULATION 

As a regular service, Dobeckmun engineers also develop lami- 
nated insulation products, custom-made to special purpose 
specifications, such as slot cell and phase insulation for motors, 
insulation for shipboard cables and other uses. If your require- 
ments are unusual, call on us. 

"LEXEL" is a registered trade -mark of The Doheelemua Company. 

HDOBECKMUN 
INDUSTRIAL PRODUCTS DIVISION CLEVELAND, OHIO 
WESTERN SALES HEADQUARTERS SAN FRANCISCO 

COMPANY 
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UNDER -IVY TRYING CONDITION 

UP A MOUNTAIN IN A TANK 

HURTLING THROUGH SPACE 

IN A FORTRESS 
SPECIAL 25 AND 50 WATT 

WITHSTANDING THE GRUELLING PACE OF A WAR PLANT 

DeJur wire -wound potentiometers, in any assignment, 
fulfill their tasks capably and satisfactorily. The new 
line of these potentiometers covers a wise range of 
applications, for present and future use. Write for 
your copy of our ''Special Bulletin", just off the press. 

HELP SHORTEN 

THE WAR 

BUY MORE 
WAR BONDS 

örporation 
MANUFACTURERS OF DeJUR METERS, RHEOSTATS, POTENTIOMETERS AND OTHER PRECISION ELECTRC HIC COMPONENTS 

SHELTON, CONNECTICUT 

SPECIAL 

CELIENCfrN 

O 
ARMY 

Q 
styNAVv 

qL Y 

NEW YORK PLANT: 99 Hudson Street, New York 13, N.Y. CANA DIAN SALES OFFICE: 560 King Street West, Toronto 
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GOOD GRIDS ASSURE 
GOOD RECEPTION 

The engineers at TUNG-SOL are skeptics. They 
never accept anything as final in the manufacture 
of electronic tubes. Research and development 
are continuous in the TUNG-SOL laboratories. 

The "flat grid" for beam type tubes was a Tung - 
Sol refinement. "Flat" winding made possible the 
perfect alignment of beam type grids, which was 
difficult to achieve with the conventional circular 
or oval winding. Another grid -making "bug" 
eliminated by Tung -Sol was the tendency of grid 
supports to "bow" in any direction. The supports 

ADVANTAGES OF FLAT GRID WINDING 

(Left) The flat -wound grid 
in TUNG-SOIL tubes is sized 
on a machine that "sets" the 
grid, thus holding perfect 
pitch and alignment. 

(Right) In the circular - 
wound grid, there is no 
"set" or rigidity established, 
hence wires can sag and get 
out of alignment. 

of all Tung -Sol grids remain true and parallel. 

And so it has been with every detail of design and 
construction of TUNG - SOL electronic tubes. 
Long before Pearl Harbor they were "Vibration - 
Tested." That is one of the reasons why they have 
stood up so well in war service. Manufacturers of 
Electronic Controls and Devices, and users of 
Electronic Equipment will find TUNG-SOL tubes 
dependable and efficient. TUNG-SOL engineers 
are at your service in the development and im- 
provement of electronic products of all kinds. 

TUNG SOL 
ELECTRONIC TUBES 

TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY 

ALSO MANUFACTURERS OF MINIATURE INCANDESCENT LAMPS, ALL -GLASS SEALED BEAM HEADLIGHT LAMPS AND CURRENT INTERMITTORS 
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f4¿iÉLD1?,C ig,27.:ENGINEERED TO A SPECIFIC NEED 

This is a special-purpóse electronic part. It is a plug - 
receptacle assembly for use with rack -panel type of 
mounting. Twenty-four silver-plated phospher- 
bronze contacts are provided, each male and female 
contact full floating between steatite plates. Heavy 
guide pins and matching holes in the frame assure 
perfect alignment. 

We don't know that your product has any need for 
such a part as this. We do know, however, that this 
part is most exactly suited to its special requirement, 
just as are hundreds upon hundreds of other parts 
which have been created through Lapp engineering 
and Lapp production facilities directed to the solu- 
tion of specific problems. 

With a broad basic knowledge of ceramics-their 
capabilities and their limitations-Lapp has been 
able to simplify and to improve many types of elec- 

tronic equipment through engineering and produc- 
tion of sub -assemblies that make most efficient use of 
porcelain or steatite and associated metal parts. 

There may be a way you can improve performance, 
cut costs and cut production time through use of 
Lapp -designed and Lapp -built sub -assemblies. We'd 
like to discuss your specific requirements with you. 
Lapp Insulator Co., Inc., LeRoy, N. Y. r 
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Thierance .001" 
NVe show you this ceramic transmitter switch with what we believe is justifiable 

pride. The customer for whom we produced it calls this switch a good job because 

it does what it was designed to do and because we delivered the order on time. We 
get additional satisfaction from having had a substantial part in its engineering and 
development ... besides its tooling and manufacturing... in which we were held to 
a tolerance of a thousandth of an inch. 

As radio and electronics specialists Ucinite makes everything from the simplest 
pins to custom-built intricate assemblies like the above. 

The UCINITE CO. 
Newtonville 60, Mass. 

Division of United -Carr Fastener Corp. 

Specialists in RADIO & ELECTRONICS 

LAMINATED BAKELITE ASSEMBLIES 

CERAMIC SOCKETS BANANA PINS & 

JACKS PLUGS CONNECTORS ETC. 
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Increases tube capabilities at 
125 -mc by more than 20 times! 

The new coating of silver around the grid leads of 
Gammatron tubes answers one of the most baffling 
problems in high -frequency communication. 

Until W. G.Wagener, chief engineer of Heintz and 
Kaufman Ltd. hit upon this simple solution, the life of 
all transmitting tubes at high frequencies was relatively 
short. Even tubes such as the HK -254 lasted only a brief 
50 to 100 hours at 125 megacycles when very heavily 
loaded. The trouble was always the same ... the glass 
around the grid lead would crack, and the tube would 
be ruined. 

Heintz and Kaufman engineers found that the grid 
bead crack was caused by a change in composition of 
the glass adjacent to the tungsten. This change was 
due to a minute current flow resulting in electrolysis. 

The silver coating now intercepts this current far 

enough away from the grid lead so that the glass im- 
mediately surrounding the lead retains its normal 
characteristics. Thus Heintz and Kaufman's patented 
coating enables such tubes as the HK -54, HK -254, and 
HK -454 to operate at high frequencies at higher pow- 
ers for as long as 2000 hours-one Gammatron now 
outlasts 20 to 40 ordinary tubes without the silver dot! 

H EI NTZ AND KAUFMAN LTD. 
SOUTH SAN FRANCISCO CALIFORNIA, U. S. A. 

ELECTRONICS - March 1944 
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9 0 0 PASSAIC A V E. 

No components contribute more to the performance of radio or 

other electronic equipment than coils ... whether they be radio, interme- 

diate or audio frequency. 

Years of experience have developed within our organization 

the ability and "know how" to combine micrometric accuracy with quan- 

tity production methods and economies. 

Whether your requirements are immediate, for wartime uses, or 

projections for post-war civilian products, we suggest you consult us. 

Our specialized knowledge and coil production facilities are unsurpassed. 

T7117-0M4T/C 

KEEP BACKING 
THE ATTACK! 

BUY MORE 
WAR BONDS 

GF//ND/NG CD., INC. 
COMPLETE ELECTRONIC ASSEMBLIES & COMPONENT PARTS 

EAST N E W A R K, N. J. 
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FACTS about 
Molded -Formed -Laminated Plastics 

FOR ELECTRONIC DEVICES 
The developments and improvements in elec- 
tronic and plastics applications, to meet war re- 
quirements, are two outstanding contributions 
of the engineering and research laboratories 
of both industries. Secrecy, time limitations and 
other restrictions have, thus far, prevented wide 
distribution of much of the data which has 

LAMINATED INSUROK 
The high dielectric qualities of Laminated INSUROK have led 
to its use in a wide variety of electronic, radio and electrical 
applications. In addition, Laminated INSUROK has won the 
preference of engineers because of its light weight, strength, 
resiliency, durability, electrical insulation, resistance to cor- 
rosion, moisture and the destructive action óf many chemicals, 
acids, oils, reagents, solvents, etc. The assistance of Richardson 
Plasticians in solving fabrication problems is available to users 
of INSUROK. 

FABRICATED PARTS 
The Richardson Company is well 
equipped to supply your needs for 
completed fabricated parts. Laminated 
INSUROK may be drilled, sawed, 

1 sheared, tapped, turned, planed, shaped 
or milled; or any combination of these 

operations will he performed to meet your product requirements. 

PUNCHED PARTS 
The characteristics of Laminated 
INSUROKKnd the uniformity, as well 
as economy, made possible by punch- 
ing operations have resulted in the 
use of large quantities of punched 
Laminated INSUROK parts by the f1 
Electronic industry. Finished punched parts, made to your speci- 
fications, are available through The Richardson Company. 

BEARINGS 
Many concerns are utilizing the advantages 
of Laminated INSUROK bearings where 
wearability and low coefficient of friction 
are necessary. For such uses, bearings may 
be used with water as a shaft coolant or with 
oil or grease as a lubricant. In some in- 
stances, INSUROK bearings may be used 

with no lubrication or coolant. They are particularly adaptable 
where electrolytic action, corrosion and the effects of acids cause 
replacement or impair the efficiency of other types of bearings. 

SHEETS-RODS and TUBES 
The Richardson Company, in addition to supplying finished 
fabricated and punched parts, is well equipped to supply your 
needs with a wide variety of sheets, rods and tubes for fabrica- 
tion in your own plant. Standard sizes of sheets are 36' x 42' 
and 36" x 59", but some grades can be supplied in larger sizes. 
Various colors are available. Rods and tubes are generally sup- 
plied in random lengths of 24' to 36", unless length is specified. 

FORMED INSUROK 
A thermosetting, fabric type sheet material which, under proper 
processing, permits simple and some compound bending- 
with a limited drawing characteristic. 

been obtained recently. 
Richardson Plasticians will, however, be 

glad to apply their years of experience and vast 
knowledge of recent developments in selecting 
the grade of Laminated or Molded INSUROK 
best suited for any Electronic application or 
post-war development. 

MOLDED INSUROK 
Strong, light weight, Molded INSUROK, made from any of the 
recognized plastic materials, requires no surface treatment or 
finish. Metal inserts may be securely and accurately molded in 

place to eliminate assembly operations. 
In addition to compression and transfer 

molding, The Richardson Company pro- 
duces products of thermo-plastic materials 
by injection molding of cellulose acetate, 
methyl methacylate, styrene and other com- 
pounds. 

The characteristics of Molded INSUROK 
vary as to the individual requirements of 

each product. Be sure to get the Richardson Plasticians' rec- 
ommendations before specifying. 
ELECTRICAL PROPERTIES-INSUROK has superior insu- 
lating qualities and may be used in most electrical equipment 
even where high voltage conditions are encountered. Special 
grades of INSUROK are designed to give very low losses at 
radio frequencies. 
WEATHER RESISTING-Heat and cold, sudden change in 
temperature have no adverse effects on INSUROK. It has a rela- 
tively low coefficient of expansion and contraction-its physical 
characteristics are permanent. 
WORKABILITY-INSUROK can be handled like metal, 
without special tools. This is an important advantage where 
additional drilling or tapping might be required in assembly 
work within your own plant. 
NON-HYGROSCOPIC-NON-CORROSIVE-INSUROK is re- 
sistant to moisture and the destructive action of most chemicals, 
solvents, acids, reagents, oils and other liquids. 

DURABILITY-Great struc- 
tural strength is an outstand- 
ing characteristic of Molded 
INSUROK. It is being suc- 
cessfully used where re si stance 
to surface abrasion, impact, 
unusual strains and stresses is 
required. 

RICHARDSON TECHNICAL SERVICE-The facilities of 
Richardson Research, Design and Engineering Laboratories are 
available without cost or obligation. Richardson engineers will 
be glad to assist in the application of INSUROK and other 
plastics to present or contemplated products, or production 
machinery. Richardson plants are completely equipped for the 
volume production of all generally used types of plastics! Liter- 
ature and catalogs will gladly be sent upon request. 

LLLg3/4.(2.,Lj 
PeI:ICGdG4et Peeaecd 

RICHARDSON COMPANY 
MELROSE PARK. ILL. NEW BRUNSWICK, N. J. FOUNDED 1868 

DETROIT OFFICE' 6-252 G. M. BUILDING. DETROIT 2. MICHIGAN 

INDIANAPOLIS 1. IND. LOCKLAND. CINCINNATI 15. OHIO 
NEW YORK OFFICE' 75 WEST STREET. NEW YORK 6. N. y, 

e 
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SAFEGUARDING OUR GALLANT FIGHTERS 

c2ledAeAfferentifieeciat7 
Today, amazing developments in electronic communications make pos- 

sible new methods of aircraft control to aid our gallant Air Forces. Modern 
communications equipment is helping to coordinate fighting forces in the 
air... is helping to safeguard them on their vital missions. Air Communications 
is proud to help supply many precision -built products used in America's 
march to victory. 

Tomorrow-when victory is won-Air Communications war -tested or- 

ganization will devote its skill and experience to designing, engineering and 

building everything for the safety, economy and convenience of peace -time flying. 

4/R [IIMMI/,w/?,IT/fl#8 /NC, 
KANSAS CITY 8, MISSOURI 

Designing, Engineering and Building for Victory... and the Future 
Air Communications Products include: Radio 
Range Receivers, Glide Path Receivers, Marker 
Beacon Receivers, Aircraft Automatic Direction 
Finders, Aircraft Transmitters, Command Re- 
ceivers, Command Transmitters, Small Transmit. 

ters up to 1 K.W., Interphone Equipment, Radio 
Telephone Equipment, Adaptors for Radio Com- 
passes. Out of their achievements for war,AirCom- 
munications engineers will bring you new knowl- 
edge and experience of value in peacetime aviation. 

.-..-41/0°--®-m 

-Igo Air Communications engineers 
anticipate the great post-war "air 
age"... are busy now developing 
new and improved devices co 
smooth the path of flight for the 
giant air liners, cargo carriers and 
private planes that will fly the 
skyways of tomorrow. 

Cooperative Engineering Avail- 
able-let us help you solve your 
engineering problems of the future. 

www.americanradiohistory.com
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... SUPERIORITY via SPECIALIZATION! 
E -E engineering efforts have been channelized toward optimum design in 

power rectifier and transmitting tubes. Such specialization has culminated 
in original tube structures of unusual ruggedness with highly desirable oper- 
ating characteristics. The 575-A heavy duty vapor rectifier typifies these 

advantages. Two of these tubes connected full wave are capable of 
handling 5,300 volts (rms) per tube and delivering 3 amps. D. C. Peak 

inverse voltage is 15,000 volts (rms). Despite its high power rating the 

filament consumption of this rectifier is surprisingly low. Internal drop is but 

10 volts. 
Their long life and stability have been proven in combat service throughout 
the world ... attesting to the resourcefulness of E -E engineering. 

For complete information write today-without obligation. 

ELECTRONIC ENTERPRISES, INC. 
GENERAL OFFICES: 65-67 SEVENTH AVENUE, NEWARK, 4, N. J. 

EXPORT DIVISION: 25 WARREN STREET, NEW YORK, 7, NEW YORK 

CABLE ADDRESS: SIMONTRICE NEWYORK 

Illustration of 

Type 575.A 

Holt Wove Mercury -Vapor 
Rectifier 

Rated at 50 Wotts 

Peak Inverse Voltage 15,000 

Peak Plate Current 6.0 Amps. 
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how many hours in a week? 

Electronic engineers have been working 
hard against time ever since Pearl Harbor. 
As far as they are concerned it's always 
"five minutes to twelve"- for they must 
not only keep up with, but must anticipate 
the vast requirements of modern warfare. 
And they are coming through - with the 

DEVOTED TO RESEARCH 

most of the best electronic equipment for 
the Allies - on time! 

Raytheon -designed equipment and 
Raytheon -made tubes are serving on all 
battlefronts-with that "Plus -Extra" per- 
formance quality that has always been 
associated with the name Raytheon. 

RAYTHEON MANUFACTURING COMPANY 
Nt.it h.rnt and 1esetnn, St na.ttr han 

AND THE MANUFACTURE OF TUBES AND E2.1 PMENT 

ARMY -NAVY "E" WITH STAR 
Awarded All Four Divisions of Raytheon 
for Continued Excellence '':n Production 

FOR THE NEW ERA OF ELECTRON CS 
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KEEPING UP with DUCTILE ZIRCONIUM 

Now that extremely pure Ductile Zir- 

conium is a fact, and production is 

being stepped up, electronics engineers can 

plan more confidently for its wider 
the Foote 

Ductile Zirconium, produced by 

process (thermal decomposition of Zircon- 

ium tetraiodide), can be readily worked. 

Forms such as wire, sheets and rods are 

available combining structural advantages 

with the recognized properties of Zirconium. 

Chief among these propert1es of interest 

to you is, of course, Zirconium's valueue 
as a 

gas getter. Zirconium is a highly e 

metal and combines with all but the rare 

gases. However, large quantities of oxygen, 

nitrogen and hydrogen can be sorbed with- 

out forming a new phase ... up to 40 atomic 

per cent of oxygen and 20 atomic per cent 

of nitrogen without X -Ray evidence of a 

compound. Except with hydrogen, the proc- 

ess is not reversible. Sorbed oxygen or nitro- 

gen is not liberated even at temperatures 

exceeding 1500°C. A better vacuum is pro- 

duced than is possible with the best pumps. 

Ductile Zirconium 
gases in vacu m tubes. Even 

is used to clean up 

practically all diffuse with 
when compounds form they 

surface and 
amazing velocity, renewing the 

Thus 
allowing the metal to fix more gas. 

Ductile Zirconium is a continuous. tte 
tier. 

Neither the metal nor the compounds 

o 

vola- 

tilize so that the walls of the t 
ibs s 

remain 

clear. Inter-electrod 
eak tube lifeless, 

and 

heat dissipation greater, 
in- 

creased. 

Ductile Zirconium is used in transmitting 
es for 

tubes, rectifiers, and cathode ray 

anodes, grids, or glowing filaments. Some 

experimenters are welding pieces of Ductile 

Zirconium to the molybdenum anode for 

getter flags. More specific information will 

be supplied promptly at your request. 

THE WORLD s 
OUR OYSTER 

Manganese from Cuba, limonite from India, Rutile from Brazil, 

Celestite from Mexico ... ores and minerals from many another 

Good Neighbor, from our Allies and from home find their way to the 

Foote Mineral Company on the heels of globe-trotting Foote Engi- 

neers. Foote sees these products of the earth through research 

and processing, huddles with many industries (including your:;) 

in their development. In addition to present definite uses of Foote 

products, there are probably many others now awaiting development. 

We urge you to let us work with you in your own research. 

A.SY Abend 
is %' .'r, -,é/ Ores 

own/ ebemvbo/s 

N. 
PHILADELPHIA ASBESTOS EXTON, PENNSYLVANIA 

Home Office: 1617 SUMMER STREET, PHILADELPHIA, PA. 
Wad Cosh Repr.: Griffin Chemical Co., San Francisco, Calif. Enpl%h Repr Ernest B. Westman, Lid., London, Eno 
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The PHOTELOMETER insures the accuracy of 

its readings with built-in CONSTANT VOLTAGE 

The "Photelometer" is a portable, 
photo -electric device, used to deter- 
mine the concentration of substances 
in solution by the proportional trans- 
mission of incident light of unvarying 
intensity. For vital diagnoses and 
routine commercial decisions, it has 
supplanted the older systems of 
analysis by visual comparison, in 
many bio -chemical, industrial and 
hospital laboratories, due to its speed 
and accuracy. 

The "Photelometer," so sensitive 
as to require voltage which does not 
vary more than ±1%, takes no 
chances with the uncertain voltages 
of commercial power lines. Its label 
specifies the voltage at which it 

Consta 

should be operated and a built-in 
SOLA CÇ. onstant Voltage Transformer 
maintains the voltage at this level 
by absorbing all sags and surges in 
the incoming power. 

This is only one of the many elec- 
trically operated instruments and 
other types of equipment that now 
depend on built-in SOLA Constant 
Voltage Transformers for consistently 
accurate performance. 

In designing any precision or elec- 
tronic device, it is hazardous to as- 
sume that the voltage required for 
its successful operation will be avail- 
able. Only where voltage control is 
incorporated as an integral part of r 

the basic design can there be any 
guarantee of unvarying power. With 
this control, the performance of the 
device is automatically and instan- 
taneously protected from voltage 
fluctuations. 

SOLA Constant Voltage Trans- 
formers instantly and automatically 
absorb primary voltage variations 
up to 30% and deliver an unchang- 
ing, rated voltage. They require no 
supervision or manual adjustments 
and are self -protecting against short 
circuit. Custom-made units can be 
designed to exact specifications for 
built-in protection. Standard units 
are available in capacities from 10 VA 
to 15 KVA. 

To Manufacturers: 
Built-in voltage control guaran- 
tees the voltage called for on your 
label. Consult our engineers on 
details of design specifications. 

Ask for Bulletin DCV-74 

Transformers fer: Constant Voltage Cold Cathode Lighting Mercury Lamps Series Lighting Fluorescent Lighting X -Ray Equipment Luminous Tube Signs 

Oil Burner iGr.itlon Radio Power Controls Sienal Systems Door Bells and Chimes etc. SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago 14, Iii. 
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WHICH WAY HOME? 
FLYING THROUGH FOG and storm, navigators must depend upon the compass. They 
must know, beyond all doubt, that their compass readings are accurate. 

Measuring compass dependability is the function of the Waugh Magnetometer. 

With it, all magnetic fields, residual and induced, in the aircraft and in the cargo can 

be plotted, to provide the navigator with an accurate deviation chart. 

Rule -of -thumb magnetic inspection will no longer suffice. The utmost accuracy, 

as assured with the Waugh Magnetometer, now is mandatory. Booklets 90 and 91 

describe the materials inspection and airframe analysis types of magnetometers. 

MAGNETOMETER 
WAUGH-nIW3 

/ir / f J.eJl.LGaL 

'acitic Coast Branch: 180 East California St., Pasadena 5, California 420 LEXINGTON AVE., NEW YORK 17, N. Y. 
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THE BLUE 

ON these ships, over the wide oceans or in combat zones, Ferranti Transformers have 

had their Quality tested and proven. 
Now, thanks to increased production facilities, we can today take your orders for 

Ferranti Transformers, Chokes, Filters and allied products... and make deliveries with- 

out delay. We guarantee the most exacting Transformer performance for war or post- 

war equipment. 
There is no "blue sky" about Ferranti Service and Quality. We will be pleased to 

work with you and give you the benefit of our many years of practical experience to 

help you solve your transformer problems. 

Call or write us now 

FERRANTI ELECTRIC, INC. 
RCA BUILDING 

NEW YORK CITY 20, N. Y. 
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One of these TURBQ 
productS 

r needs 
will meet your postW 

FLEXIBLE VARNISHED OIL 

TUBING: 

this TURBO insulation meets. the 
diversity of requirements neces- 

sary to stand up against general 
break -downs, impairment through 
mo' absorption, and the general 
deteriorating influences roused by 
acids. alkalis. etr 

EXTRUDED TUBING: 
resistant to sub -zero temperatures 

Where the effects of extreme low 
temperatures are oat to induce 

insulation embrittlemenr, TURBO E.- 
truded Tubing is especially suited. 
Sudden climatic changes wide fluctu- 
ations in temperature, or refrigerant 
operating conditions will not effect 
the dependability 

VARNISHED CLASS TUBING: WIRE IDENTIFICATION 
resistant to extremely high heat MARKERS: 

The extensive use of this TURBO 

product is directly attributable to 

its eurellent characteristics under high. 
heat conditions. Heavy duty operat- 
ing conditions, confined areas where 

'ventilation is' inimizedand other 
similar problems are solved 

The facrhtoting of production and 
assembling operations, with 

responding increases in functional 
efficiency. are effected with this 
TURBO insulation product Available 
in any sire, length or color, these 
TURBO markers are strictly in cccord 
with Army. Navy and Air Corps 

TURBO 
VARNISHED TUBING 
New products, processes and equipment 
have already made their appearance as 

the result of the scientific advances induced 

by the intensified war demands; the picture 
is clear in requiring greater advances in 

functional efficiency. 

TURBO engineers and technicians are 
abreast of the new developments, designs 
and improvements. For example, the 
"flash" point of TURBO Tubing, already 
high, is being forced to ever higher levels. 

SATURATED SLEEVING 
This means increased protection from com- 

bustion hazards-more essential even than 

"slow" burning. It means the fire never 

gets a chance to start. Conversely, em- 

brittlement temperatures-the antidote to 

cracking-are being constantly lowered. 
TURBO looks ahead. 

* * * 

Write for sample board and list of standard 
sizes. It's a ready reference and handy 
gauge-free without obligation. 

WILLIAM BRAND and CO. 
276 FOURTH AVE., N. Y. 325 W. HURON ST., CHICAGO, ILL. 

MANUFACTURERS 
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Experience Spotlights the 

Fastening Method 

guides E. A. Laboratories to Savings with P -K Self -tapping Screws 

PEED PLASTIC ASSEMBLIES 

E. A. Laboratories, Brooklyn, N. Y., having "ques- 
tioned every fastening" on peacetime assemblies, were 
ready with the answer when heavy war orders made it 
necessary to pare production time and costs to the bone. 

By designing their aircraft lighting specialties for 
assembly with P -K Self -tapping Screws, they elimi- 
nated tapping and tap maintenance, and the need for 
metal inserts in the plastic lamp. The P -K Type "F" 
Screws, cutting' their own clean threads as they are 
driven, add to the strength and security so necessary in 
these products, and can be easily removed and replaced 
when required. 

Take full advantage of Parker-Kalon's Assembly 
Engineering Service. Experience proves, in 7 out of 
10 cases, P -K Self -tapping Screws will simplify plastic 

Inter -Aircraft Control Light 

3 P -K Type "F" Screws 
used as locating pins for 
lamp unit. 

4 P -K Type "F" Screws 
hold switch contactor and 
terminal lug in position. 

5 P -K Type "F" Screws 
fasten Bakelite handle cov- 
er plate to Bakelite handle. 

ETAL ASSEMBLIES 
Retractable Landing Lights 

3 P -K Type "F" Screws 
driven through bakelite in- 
sulator, fasten electrical 
connector to lamp housing, 
both of die cast aluminum. 

8 P -K Type "F" Screws 
fasten gear housing to lamp 
housing, both of die cast 
aluminum. 

5 P -K Type "F" Screws 
fasten aluminum housing 
plate to die cast aluminum 
housing. Inside the lamp, 
P -K Type "F" Screws are 
used to fasten motor field 
to motor housing, and mo- 
tor housing so gear housing. 

or metal fastening jobs ... save vital man-hours .. . 

speed production ... cut costs. 

Question every fastening job ... on the drafting 
board ... in production. First see if it can be done with 
simple P -K Self -tapping Screws before putting up with 
slow, difficult fastening methods. Your request will 
bring a P -K Assembly Engineer to help you uncover 
opportunities to save time and money. Or, send details 
of your assembly for recommendations. Parker-Kalon 
Corp., 192-194 Varick Street, New York 14, N. Y. 

SELF -TAPPING SCREWS FOR EVERY METAL AND PLASTIC ASSEMBLY 

PARK[RKAON 

S[EF'ÏAPPIN6 S(R[WS 
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what a -eK 

reat nam 
mean .. 

The meaning of the C -D insignia on a capacitor is 

strikingly illustrated in the performance of inverted 
filter Type TLA. This little wonder packs the high- 

est insulation resistance, lowest power factor, longest 

life in the smallest space of any similar filter capa- 

citor. Write for full description of TLA. Cornell- 
Dubilier Electric Corporation, South Plainfield, N.J. 

In an independent inquiry just completed, 2,000 radio and 

electrical engineers were asked their first, second and third 
choice of capacitor make. When all the returns were in, 
Cornell-Dubilier was far in the lead-receiving almost lour 
times as many "firsts" aS its nearest competitor. 

Iuáilier 
more in use today than any other make 

ca ca ors 

1910 1944 

pYKANOI ' 
PAPER 

pRY 
SET AND 

MICA 
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SHERRON TUBE TEST UNITS 

...a practical 

...helping to Ass 

roblem of "Shrinkage!" 

Tubes at their Working Best. 

Miracles are expected from electronics, and miracles are being performed- 

where the electron tube is at its working best. In short, the ideal must 

be the standard. Toward this end, Sherron test units are honored as indis- 

pensable equipment by many of the nation's most important makers of tubes 

... In its diversified electronic applications, Sherron test equipment is safe- 

guarding production standards and maintaining positive quality controls. All 

equipment designed to meet specific manufacturing problems. 

Sherron Tube Test Units Measure: 

Inter Electrode. Capacitance. Gas Cur- 
rent. Power Output. Trans -conductance. 
Amplification Factor. Oscillation and 
Frequency Cut-off. Power Rectifier. 
Peak Emission. Pulse Tests. Mechanical 
Impact or Sound Impact. Vibration. 

MANUFACTURING PROCESSES: 
Aging-Life-Pre-Heat. 

CATHODE RAY: 
Life Racks-Persistency-Intensity. 

SHERRON METALLIC CORPORATION 
1201 FLUSHING AVENUE BROOKLYN 6, N. Y. 
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TIME NOW% FOR THE 
"C -Day" is on the way... conversion top ce -time manufacture. 
Steel, copper, aluminum ... many metals »e becoming less criti- 
cal ... time now for the planting o your new product. 

But with conversion will cc. a ost consciousness instead of 
"cost-plus". 

Manufacturers seeking cost -sensitive experience among war - 
born sub -contractors may have quite a search. Cost conscious- 
ness has become dulled during lush "cost -phis" years. It is a lost 
art to many... some never acquired if legets "drilled in" only 
through long years of peat -time practice. 

Lewyt is not a war babr Lewyt is a "manufacturer's manu- 
facturer" with 56 years of cost-conscious "know-how". It returns 
to peace -time contract manufacring with long experience in 
meeting the needs of production engineers who will have only 
costs and efficiency in mind. 

LEWYT CORPORATION 62 BROADWAY, BROOKLYN 11, N.Y. 

LET LEWYT DO IT 

PLANTING 

MANUFACTURING EXECUTIVES 

AND PRODUCT ENGINEERS 

... see «J.i Peui,4 does 

Lewyt's business is Contract Manufactur- 
ing. We specialize in electric and electronic 
instruments, chassis and housings; mechan- 
ical and electrical assemblies; highest pre- 
cision machine work; sheet metal fabrica- 
tions; all types of welding, product finish- 
ing, etc. 

We also provide advanced engineering 
facilities as service assistance to our clients 
in connection with the design and re -design 
of products under development. 

Why not get acquainted with our manu- 
facturing experience, production and 
service facilities with our 
48pagebook,"Let Lewyt 
Do It"... the story of a 
unique organization told 
in pictures. 

Write for it now as an 
aid to " transplanting" 
your product from draw- 
ing board to production. 

ELECTRONICS - March 1944 67 

www.americanradiohistory.com



When she drops her nickel in the juke box, 

she never thinks about the motor that turns 

the table or changes the records. All she 

wants is her money's worth, in music. 

How dependably she gets it rests largely 

on the small motors that furnish the power. 

If they're "Smooth Power", neither she nor 

the maker of the juke box need worry. 

W SmOt2z4 
77L9wi°/li 

"Smooth Power - motors start instantly, at- 

tain speed quickly and run as smooth as silk. 

We've been making these powerful, com- 

pact motors for years. They're driving such 

varied devices as record changers, tape re- 

corders and intricate control systems. What- 

ever type of service they're doing, you can 

be sure they answer promptly to every order. 

Right now, War demands take all of our 

manufacturing capacity. But our engineers 

have time available to study your present or 

future needs, and make suggestions for the 

right "Smooth Power" motor for your par- 

ticular job. Let's talk it over. 

THE GENERAL INDUSTRIES COMPANY 
Elyria Ohio 

68 
March 1944 - ELECTRONICS 

www.americanradiohistory.com



THE IMPORTANCE 
OF CRYSTALS IN 

eod. 2f/avane 

Success in mocern warfare depends greatly 

upon accurate and dependable coordina- 

tion -between all combat units. Precision 

crystals by Crystal Products Company are 

providi ig sharp selectivity on planes, tanks, 

ships, i1 every climate and under the most 

rigorous battle conditions. 

PRODUCTS COMPANY 
1519 McGEE ST., KANSAS CITY 8, MO. 
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War Standard Instruments 
AND ACCESSORIES 

31/2" ROUND 
flush mounting, 
bakelite case. 

Types MR35-MR34, in Weston Models 
301-425-476, in all listed combinations in 

American War Standard C 39.2 - 1944 

THERMOCOUPLE 
CONVERTERS 

per AWS C 39.4-1943. . 

in all applicable ranges 

RESISTORS 

Types MFA-MFB-MFC... 
per AWS C 75.5 - 1943 
. . . in all listed ranges. 

SHUNTS 
Types MSA-MSB-MSC... 
per AWS C 39.5 - 1943 
. . . in all listed ranges. 

2'/2" ROUND 
flush mounting, 
bakelite case. 

Types MR25-MR24, in Weston Models 
506-507-517, in all listed combinations in 

American War Standard C 39.2 - 1944 

A. W. S. instruments by Weston are the 
standard Weston instruments, with the re- 
quired additional scale markings, and studs 
as specified. The instrument movements 
... therefore their long term dependability 
... remains unchanged. Further, these 
panel meters still provide the thin move- 
ment and case ... the original Weston de- 
sign which, together with their enduring 
characteristics, always has distinguished 
instruments bearing this name. Inquiries 
invited. Approvals can be quoted. Weston 
Electrical Instrument Corporation, 618 Fre- 
linghuysen Avenue, Newark 5, New Jersey. 

'_aborstor,, Standards .. Precision _ 

DCand AC Portable..;.. Instrument 
Transformers . , Sensitive Relays 

. DC, AC, and Thermo Switch- 
board and Panel Instruments. 

Specialized Test Equipment .. Light 
Measurement and Control Devices ... Exposure Meters . .. Aircraft 
Instruments... Electric Tacho- 
meters... Dial Thermometers. 
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HERE'S HELP FOR WAR WCRKERS IN ALUMINUM 
Eleven sound motion pictures, wall charts, instruction cards, many 
books of engineeritg and metallurgical data; all designed to help sp-3-ii 
the war effort. Ttis material is described in Alcoa's 1944 catalog of 
how -to -do -it he1Fs, A. detailed description of each item is iaclu.ded aloes 
with instructions br torrowing the films. Write for your xspy tolar. 
ALÜMrNUM COMPANY OF AMERICA, 2136 Golf Building, Pt.slurgh, Pa. 
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COIL FORMS OF 

AND 

Cen 
* Especially indicated 

where Low Thermal 
Expansion, High 
Resistance to Heat 
Shock, Low Porosity 
and Low Loss Factor 
are requisites. 

dite 

facilities 
ct e ate inch ala' 

hale to 5 
We 

coil loims 
up 

es to h dia -r 
process sled pies a .pre 

xan square. 
6 nce 

back to 

m 
mic expele ana Uto- 

Oux cera 
our engineeTin ur disposal 

an o 
19e''' are at 

tato facilities 

Division of GLOBE -UNION INC., MilwaJkee' 
PRODUCERS OF VARIABLE RESISTORS SELECTOR SWITCHES CERAMIC CAP CITORS, FI TS 
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On war and production fronts 'round the world 

Official U. S. Marine Corps Photo 

Radiotone is giving outstand- 

ing performance in hundreds of 

industrial plants, arsenals, ship- 

yards and on far-flung battle 

fronts. Because it is versatile, 

compact and rugged, it serves 

workers and fighters equally well. 

Radiotone is a complete broad- 

casting system. It assures the 

finest radio reception . . . re- 

cords voice, orchestra or radio 

programs ready for instant re - 

SHOWROOM, Hollywood, 7356 

7P.111(;) IMPROVES MORALE 

production . . . permanently 

records management messages 

and directors' meetings . . . 

and can be equipped with any 

number of loud speakers or used 

in conjunction with your pres- 

ent P. A. system. 

Radiotone is a convenient, 
portable instrument which re- 

quires no studio facilities. Any- 

one can operate it. Anyone 

engaged in essential war work 

can buy Radiotone TODAY. 

¿}ñ1fJ /7/ 

Radiotone installation at Consolidated Steel 
Company's Wilmington Shipyards 

I 

DEALERS CAN 
PARTICIPATE NOW! 

Write for catalog No. T-100 and 
complete details covering Radio- 
tone models, microphones, speakers, 
needles and discs. 

Division of 
THE ROBINSON HOUCHIN OPTICAL CO. 

Columbus, Ohio 

Melrose Ave. SHOWROOM AND SALES OFFICE, 1011 Chestnut St., Philadelphia 
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JENNINGS VACUUM CAPACITORS RANGE FROM 6 MMFD TO 250 MMFD 

The physical di- 
mensions of these 
two capacitors 
are identical...but 

has 
5 Times Greater 
Electrical Capacity 

250 mmfd 

enniew 
.RADI 

VC 250 Hits 
The new VC 250 Capacitor is a JEN- 

NINGS Radio innovation. It gives five 
times greater electrical capacity than 
the VC 50 with a 20,000 volt peak 
rating. 

Actual operation of this JENNINGS 
VC 250 proves an unmistakable step 
forward in Capacitor performance. 

"New High" 
The name JENNINGS is reflected in 
the exact, uniform construction and 
absolute dependability of the Vacuum 
Capacitors and Transmitting Tubes 
bearing this name. 

We welcome an opportunity to dis- 
cuss your postwar needs where our 
products can be used effectively and 
economically. 

Write today for our 1944 Catalog 

JENNINGS RADIO MANUFACTURING COMPANY 
SAN JOSE, CALIFORNIA 

MEMBER WEST COAST ELECTRONIC INDUSTRIES 
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arid": tube components 
.........elements of stamina 

To keep the fight in high frequency 
transmitters, Ken -Rad chose CALLITE 
components for their Type 829B Tubes 
now meeting the gruelling tests of 
battle on every front. From plane -to - 
ground, plane -to -plane, plane -to -ship, 
these transmitting tubes are proving 
their quality is unfailing in great crises. 

Callite's experience in producing a 
multitude of special-purpose electronic 
parts is available to you for quick, 

efficient assistance in war production 
now, equally valuable in the postwar 
battles ahead. Check Callite's important 
four factors in seeking your source of 
supply. Callite Tungsten Corporation, 
544 Thirty-ninth St., Union City, N. J. 

le Specialists in the manufacture of welds, hard ' glass leads, tungsten and molybdenum wir.. rod 
and sheet, formed parts and other components 
for electronic tubes and incandescent lamps. 

CHECK ALL FOUR Factors 
important to your production: 

V Precision -engineered tube compo- 
nents; I Practical help on metallurgical 
and engineering problems; Prompt 
aid in emergencies as well as con- 
sistent "usual" deliveries; V Top Qual- 
ity at a fair price. 
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140° cooler inside 

There is a piece of the stratosphere just 
beyond that glass door. The air pres- 
sure is less than one-fourth of normal 
air pressure. And the temperature is 70 
degrees below zero. 

The Utah parts being tested are 
proving that their performance will be 
"as specified," whether they are to oper- 
ate on the ground or high in the air. 

Radio Products Company, 

837 Orleans Street, Chicago 10, Illinois 

This and other tests which parts 
undergo in the complete Utah laboratory 
are particularly important in adapting 
the new electronic and radio develop- 
ments-in making them militarily and 
commercially usable-now, and to- 
morrow! * 

Every Product Made for the Trade, by 
Utah, Is Thoroughly Tested and Approved 

Keyed to "tomorrow' . Utah transformers, 
S demands: vitreou speakers, vibr s enamel resistors, ators, 

wíreWovnd Plugs, lacks, switches and smolt electric motors. 
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Now Available 
for prompt shipment... 

re- 
SR-4 STRAIN GAGES AND ACCESSORIES Wig" 

STRAIN GAGES; 

Effective Net Resistance Gages 
Type Gage length Width Ohms Per 

Inches Inches Approx. Set 

A-1 13/16 "/32 120 12 & 50 

A-5 1/2 9/32 120 10 

A-7 1/4 3/16 120 10 

A-8 1/s 'A 120 10 

A-9 6- She 300 5 

A-11 1-'h6 1/4 120 50 

A-12 1- '/s 120 10 

A-13 3/8 5/i6 350 10 

A-14 3/8 5/16 500 10 

AB -1 15/l6 3/8 350 5 

AB -5 '/2 3/,6 75 10 

C-1 1-1/16 9/32 500 10 

C-5 1/2 5/16 350 10 

C-7 1/4 3/16 500 10 

C-10 3/5 5/l6 1000 10 

CB -1 15/1, 3/a 1000 5 

CB -5 '/z 3/16 200 5 

CB -7 '/4 3h6 500 5 

CB -8 '/s '/4 200 5 

R-1 11/46 Rosette 120 each 
leg of three 

5 

R-2 1-1/26 Rosette 500 each 
leg of three 

5 

R-3 13/16 Rosette 120 each 
leg of four 

5 

R-4 1-16 Rosette 120 each 
leg of three 

5 

BALD WIN 
SOUTHWARK 

TESTING EQUIPMENT 
ELECTRONICS- torch 1944 

23 TYPES-MANY NEW 1 

AMPLE STOCKS ! 

SR -4 Strain Gages revolutionize 
field determination of static and 
dynamic stresses in structures and 
machines. Some types are as small 
as your little fingernail. Install any 
place you can reach, on plane or 
moderately curved surfaces, measure 
static strains to 1 part in 2,000,000 
statically - nearly as small dynami- 
cally. No loss in linearity from 0 to 
30,000 cycles/sec. 

The Baldwin Locomotive Works, 
Baldwin Southwark Division, Phila- 
delphia, Pa., U. S. A. Pacific Coast 
Representative, The Pelton Water 
Wheel Co., San Francisco, Calif. In 
Canada: Peacock Brothers, Limited, 
Montreal. 

SR -4 STRAIN GAGE 
Type A-1-one of 24. Ideal for all static strain 
measurements and recording problems. Ask for 
Bulletin 175. 

5R-4 TORQUEMETER. For determining 
torque in rotating shafts. Accurate, compact. Ask 
for Bulletin 165. 

SR -4 PORTABLE 
STRAIN 
INDICATOR 

Sturdy, portable, self-con- 
tained. For production test, 
ing or laboratory work. Ask 
for Bulletin 169. 

Kï¡ 

SR -4 STRAIN 
RECORDERS 

1 
.1 

Continuously records strains. 
Ask for Bulletin 170. (Also 

available: Scanning Recorder, serially records strain 
fron 48 stations. Ask for Bulletin 172.) 
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Exhaustive Du MONT quality control and 
life tests take all the guesswork out of 

CATHODE-RAY TUB 

IDuMont never gambles. Thus each batch of 
fluorescent material is thoroughly tested in sam- 
ple tubes. All new metals and other materials are 
likewise tested. New designs are thoroughly 
checked with sample production runs. The same 
with new processes-even to supposedly minor 
details such as washing and drying of glass 
envelopes. 

DuMont life -test racks eliminate the greatest 
gamble of all-probable life. Percentage samples 
are operated in these life racks for 500 hours. A 
time totalizer keeps score. Tubes are tested 
weekly for brightness and cathode condition. 
And at the end of 500 hours the tubes are checked 
for all characteristics that might be affected by 
such intensive operation. 

So again we repeat: there is no guesswork 
regarding performance and life with DuMont 
cathode-ray tubes. 

eWrite for literature... 

DuMoNT Quality -Control Checkup 
Percentage sample tests-some 100% -are made on production runs for the following: 
Brilliance and screen condition-color, spots, burns, etc. 
Examination of cathode by using tube as an electronic microscope. The few thousandths of an inch diameter gun aperture is magni- fied fo 1/2 inch circle to check uniformity of emitting surface. Cathode emission current is measured. 

Deflection sensitivity is tested to determine amplitude of signal required to deflect beam by given amount. 
Maximum electrode current Check for excess anode current (to avoid overloading power supply of equipment using tube.) 
Determining grid cutoff (when too low, tube life is shortened; too high, might exceed range of intensity control of equipment using tube). 
Leakage current of various electrodes. 
And other critical and vital factors entering into satisfactory, long, economical tube per- formance. 

//ldyl /GLCO f /Ee°/ïlIGOiL 
ALLEN B. DUMONT LABORATORIES, INC., PASSAIC, NEW JERSEY CABLE ADDRESS: WESPEXLIN, NEW YORK 
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THIS ORANGE BOX 

CONTAINS GOAT ELECTRONIC 

TUBE PARTS ... 

STAMPING GROUNDS 

for Seal T., b lab 

Typical electronic tub. par s you'll 
find in GOAT boxes th :t haw, been 

stumped, drawn anc for ned on 

GOAT machines, dies and pres.,. 

\Wherever electronic tubes are made, you wil probably see this 

orange GOAT box. For GOAT serves almost every electronic tube 

manufacturer with a tremendous variety of stock and special parts, 

made of any metal to any specified degree of accuracy. Because 

of experience gained since the days of radio infancy, GOAT has 

been able to meet the demands of this industry for greater quality, 

durability and quantity production. GOAT'S recognition, today, is 

based on this consistent ability to handle tough jobs requiring skill, 

precision and efficiency. 

A DIVISION OF THE FRED GOAT CO., INC., EST. 1893 
314 DEAN STREET BROOKLYN, 17, N. Y. 
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Production Executives agree: 

"No Reconversion from 

American Phillips Screw -Driving 
.. from now on we'll need 

that Speed and Cost -Control 
more than ever before" 

-.. sr - 

There's one sure thing in the plans of modern war plant executives .. . 

they'll never go back to the slow, slip -and -slash, high cost method of 
assembly with old-fashioned slotted head screws. They'll hold the gains 
they've made with American Phillips Screws which average better than 
50% in assembly time, plus the elimination of rejected work and spoiled 
materials, thanks to the automatic alignment of the 4 -winged Phillips 
Driver that stays with the tapered recess until the screw has been set up 
straight and tight. 

A comparison of the cost of driving Phillips and Slotted Head Screws will 
show that it actually costs less to have the advantages of the Phillips Recess. 

American brand of Phillips Recessed Head Screws are made under rigid 
laboratory check, and a unique system of piece inspection. Delivery 
service is maintained by high speed production. And engineering service 
is at your service on any special fastening problem. 

AMERICAN SCREW COMPANY 
PROVIDENCE, RHODE ISLAND 

Chicago 589 E. Illinois Street Detroit: 502 Stephenson Building 

SS ;. ; .. - 

a RECE 
PHIUPS ¡WO"UN 

ENHINEERED 

i.FastStarting-Driver point 2. Faster Driving-Spiral and 3. Better Fastenings-Screws 
automatically centers in the power driving are made prac- are set up uniformly tight. 
recess ... fits snugly. Screw tical. Driver won't slip out without burring or breaking 
and driver "become one of recess to injure workers or heads. A stronger, neater job 
unit," Fumbling, wobbly spoil material. (Average time results and there are no 
starts are eliminated. saving is 50%.) gouges on worksurface. 

Put the Screws on the Axis * BUY WAR BONDS 
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I5 -Kw OF HIGH-SPEED 

ELEcW0NIc HEAT 
WITH THE NEW RCA 15-B 
IN nearly every case where electronic power has been applied 

for heating, important savings in time have resulted. The 
high -frequency power generated by the new RCA 15-B is suited 
to heating a wide variety of non-metallic substances because of 
the wide choice of frequencies it offers - from 2 million to 
10 million cycles per second. 

Why Electronic Heating? When high -frequency electricity is 
applied to non-metallic materials, it heats them - all the way 
through. For example, a block of wood can be heated uniformly 
by high -frequency power while with ordinary heating methods, 
the heat would have to "seep" in from the outside. 

The uniformity of electronic heating makes it possible to 
introduce heat at a high rate. Processes that once took hours 
can now be completed in minutes. 

The uniform heating often means better uniformity in the 
finished product. and little or no internal stresses to cause warping. 

What Materials Can Be Heated? Wood, plastics, paper, glass, 
rubber, foods, chemicals, tobacco, ceramics-and many other 
industrial materials can be heated electronically. 

How Much Heat Will the 15-B Give? The new RCA 15-B 
electronic generator is rated at 15 kilowatts output. It will deliver 
up to about 50,000 B.T.U. per hour, depending on the load 
conditions. 

Easy to Operate. The 15-B is push-button controlled. Once 

the correct processing procedure is established, any intelligent 
operator can use it with ease. RCA field engineers are available 
to help with your application problems. 

Get the Full Story. A comprehensive 12 -page descriptive cata- 
log on the RCA 15-B generator is yours for the asking. Use the 
convenient coupon below. If you have a specific application for 
electronic heat in mind, write, stating particulars, to RCA, 
Electronic Apparatus Section, Camden, New Jersey. 

BUY 

WAR 

BONDS i 
RCA, Electronic Apparatus Section, Camden, N. J. 

Please send me details on the new RCA 15-B electronic 
generator. 
Name 

Company 

Address 

City .State 

331 

, 
' 
' 

' 
70-44H 

MI MIMI Mill- UM 
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Designed for u 

7/81 SLyf1UlfS 

AaHcb 
'+alUpgOBur" 

is the new ARHCO plant. Incorporating 
more than 60,000 square feet of space, it was planned and 

designed for today's urgent production schedules. Marking 

another milestone in our successful 21 -year growth, it pro- 

vides even better facilities for research, engineering, manu- 

facturing and delivery. 

Out of this new ARHCO plant come over two thousand 
individual components ... each one doing a big job in 

radionic and industrial applications. Moreover, we are 
equipped to produce special parts from your blueprints. 
Quotations and advice furnished upon request. 

Put more dollars to work . . . tell the Boys 
you mean it by buying more War Bonds today 

,Weliebie) 

152 MACQUESTEN PARKWAY SOUTH MT. VERNON, NEW YORK 

MANUFACTURERS OF SHORT WAVE TELEVISION RADIO SOUND EQUIPMENT 

ce3 es !le; ee, 
ECellbgt 
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PORTAL to PRECI 
for War and Peace 

Shown here is the proposed new doorway to Detrola's offices 
and laboratories. It will soon be a part of the building- 
to serve not only as a practical and functionally beautiful 
entrance -way, but to stand as an outward symbol of the 
many changes that have brought the NEW DETROLA into 
being. Today this great radio -electronic plant is stream- 
lined throughout-with new research and engineering 
talent, new production facilities and hundreds of highly 
trained workers. All of these are dedicated, now, to the 
manufacture of highest quality war equipment. After Vic- 
tory, in combination with the experience gained in war, 
they will be dedicated to the production of highest quality 
electronic products for civilian use. Help Secure Victory 
and Make Victory Secure-Buy War Bonds. 

DETROLA RADIO 
DIVISION OF INTERNAIICNAL DETROLA CORPORATION BEARD AT CHATFIELD, DETROIT 9, MICH. 

C. RUSSELL FELDMANN er PRESIDENT 
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B PASS 
PR2DUGTS 

Western Brass formerly used for pencils and 

dozens of other peacetime products is now going 

into vital prope ler parts anc numerous other 

wartime items. Tomorrow, when the full 
capacity of our mills at East Alton, Ill., and New 

Haven, Conn., is no longer needed for today's 

long list of military requirements, we will be 

ready to serve you. May we help you now with 

your post-war pans? 

.egliejalt BRASS MILLS 
Division of WES .P.RN CARTRIDGE COMPANY, East Alton, Ill. 

BRASS BRONZE PHOSPHOR BRONZE NICKEL SILVER COPPER 
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THE TYPE 26-B 

Type 26-B loudspeaker 
equipped with two Jensen 
U-20 Drive Units. When 
so equipped will handle 
safely power input of 40 
watts. Weight 23 lbs. 

Type 26-B Loudspeaker 
equipped with single Jen- 
sen U-20 Drive Unit. When 
so equipped will handle 
safely power input of 20 
watts. Weight 221/4 lbs. 

THE Type 26-B Loudspeaker is designed for voice reproduction when used by 

itself. It is also excellent as the high frequency component of a wide range loud - 

speaking system. One Type 26-B Loudspeaker provides uniform sound distribu- 
tion both as to frequency and power over a horizontal angle of 120° and a 

vertical angle of 40°. Made of one piece cast aluminum. 22" wide, 141/2" deep, 

and 20" high, including Drive Unit and Adapter. Supplied with heavy universal 

mounting bracket. Complete specif cations upon request. 

The L angevin Çomparry 
INCOFtPORA 

SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING 
NEW YORK 

37 W. 65 St., 23 
SAN FR4NCIXC LOS ANGELES 

1050 Howard St- 3 1000 N. Seward St., 31 
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qpC hEAT OF BATTLE! 

Remler craftsman heat treats welding 
and cutting dies and tools for automatic 

screw machines. 

ELECTRONIC TOOLS OF WAR ... in quantity and on 

time! There are no delays because Remler has the facilities 

and experience to do the job from design to finished product 

-plus the know-how to cut production time which frequently 
permits quotations at lower prices. This organization of skilled 

specialists manufactures components and complete electronic 

equipment for our armed forces and components for your 

application. Inquiries invited. 

Wire or telephone if we can be of assistance 

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

REMLER 
SINCE 1918 

-announcin9 fJ Communication feuipment 

PLUGS & 
CONNECTORS 
Signal Corps Navy Specifications 

Types: PL NAF 

50-A 
54 
55 
56 
58 

59 
60 

61 74 
62 76 
63 77 
64 104 
65 08 
67 109 
68 112 

114 150 
119 159 
120 160 
124 291-A 
125 354 
127 
149 

1136-1 

No. 

212938-1 

PLP PLQ PLS 

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

OTHER DESIGNS TO ORDER 
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15 SOUTH THROOP STREETCHICAGO 
PRECISION MANUFACTURERS AND ENGINEERS OF RADIO AND ELECTRICAL EQUIPMENT 

V 

"GUTHMAN . . . Leader in INDUCTRONICS 

EDWIN I. GUTHMAN 
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For Operating 

110 -Volt A. C. 

Equipment 

from 

110 -Volt D. C. 

Power Source 

THE /P MODEL 262 
TYPICAL APPLICATIONS OF MODEL 262 

The operation of- Radio Receivers Radio Transmitters Public Address 

Systems Radio -Phonographs Inter -Office Communication Systems 

Sewing Machines Electric Fans Office Equipment Electric Trains 

This unit was designed for, and has met, the severe demands of war- 

time service for the operation of 110 -volt A.C. radios, on land and 

sea, with complete success. It is engineered to eliminate R.F. noise 

over a frequency band from 550 kilocycles to 20 megacycles, and will 

operate satisfactorily under wide extremes of temperature and humidity. 

Further information on this and other E -L Vibrator Power Supplies 

will be gladly supplied on request. 

T.ABORATORIES, INC. 
INDIANA 'OIIS EL ELECTRICAL PRODUCTS -Vibrator Power 

Supplies for Communications ... Lighting ... Electric 

Adrodwiek. Motor Operation . . Electric, Electronic and other 
Equipment ... on Land, Sea or in the Air. 

EL MODEL 262 SPECIFICATIONS 
AND PERFORMANCE DATA 

LOAD POWER FACTOR: 85% to 100% 

INPUT: 110 volts D.C. 
OUTPUT: 110 volts A.C. 

OUTPUT POWER: 250 volt-amperes 
FREQUENCY: 60 cycles 

EFFICIENCY: 85% at rated load 

REGULATION: 15% approximately 
TEMPERATURE RISE: 50 degrees F. 

HUMIDITY: Will operate under any degree 
of humidity up to 95% 

VIBRATION: Unit is built to withstand 
severe shock and sudden jar 

SIZE: Length, 104"; width, 9742'; height, 
82"; weight, 28% pounds 

OTHER E -L 110 -VOLT MODELS 

Model 
Watt 

Rating 
Load 

Power Factor 

267 2-5 Watts High 
261 5-75 Watts High 
204 50-150 Watts High 
262 250 Watts High 
260 250 Watts Low 

263 400 Watts Low 

264 500 Watts High 
268 750 Watts Low 

269 1500 Watts Low 
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Disposai of Government Inventories 

How to dispose of government surpluses when the 
war ends need not be an insuperable problem - if we 
face it promptly and intelligently. But if we do not, 
peacetime markets may be disrupted, government funds 
wasted, production discouraged, and reconversion of the 
whole economy to peace seriously hampered. 

What we need most in order to attack the problem 
is estimates of how much surplus there will be, in what 
types of goods, and where. 

At the war's end, government inventory of war goods 
is likely to total around 60 billion dollars. Most of this 
will consist of aircraft, ships, and other ordnance. Only 
some 15 billion dollars or less will be in food, clothing, 
trucks, tools, chemicals, medical supplies, transportation, 
engineering and communication equipment, and other 
goods for which there is a civilian market. 

In addition, war contractors will have about 10 billion 
dollars of inventories, the bulk in specialized raw mate- 
rials, goods in process, and finished products. Only about 
one -fifth of the total, or some 2 billion dollars, will be 
marketable or usable for civilian purposes. While the 
government takes over the usable inventory, the ex - 

war -contractors will have to build up their stocks for 
peacetime production, so that on balance, they will 
not be disposing of usable inventories in large volume. 

Not even all of the usable war -end inventory will be 
"surplus" for sale to civilians in competition with new 
production. Some of it will be needed by the sizable 
peacetime Army and Navy we are likely to maintain, 
and such additional items as can be stored without seri- 
ous deterioration or obsolescence will be held against 
possible future war emergencies. Some of it will be 
disposed of abroad. And up to half of it will be abroad 
and may be sold there or used for relief. 

After allowing for these factors, the war supplies to 
be disposed of in our own markets probably will be less 
than 10 billion dollars (cost basis) . While the total 
is not overwhelming - the equivalent of two months' 
retail sales - in certain lines the surplus will be several 
years', instead of a few months', normal supply. In 
particular, the volume of scrap metals available from 

otherwise unusable munitions will present a problem. 
A great deal can be done now to reduce the size of 

the postwar surpluses by achieving a better balance be- 
tween military needs and supplies and avoiding exces- 
sive inventories of particular raw materials or finished 
goods. This work needs to be pressed, not only to sim- 
plify our transition to peace but also to prevent wasting 
productive energies during the war. Furthermore, when 
the war ends on one front, inventories of war materiel 
should be worked down to the reduced scale of remain- 
ing military activity. 

We cannot develop programs of action until we know 
approximately how much of each type of item is to be 
sold, and where and when it will be available. Wide 
margins of error are inevitable as long as large-scale pro- 
curement and large-scale consumption are still taking 
place; yet such information is essential and must be de- 
veloped. Indeed, improved inventory records and esti- 
mates are badly needed for the conduct of the war as 

well as for managing the surpluses after hostilities cease. 
In decisions on the disposal of war -goods inventories, 

the public interest must be the prime consideration. 
Proposals that none of these goods should be sold do- 
mestically because of competition with new production 
obviously are untenable. Everything that is not needed 
by the Armed Services or for other special purposes 
should be disposed of ultimately. The real problem is 
not whether surpluses should be sold, but rather to 
whom, at what price, and at what time the sale should 
be effected. 

In the distribution of such large quantities of goods, 
we believe that established trade channels should be 
used wherever possible. Otherwise, we shall witness wide- 
spread speculation in war goods and the mushroom 
growth of inefficient and disruptive fly-by-night distrib- 
utors. This will benefit only a few speculators and will 
discourage legitimate producers and distributors from 
making their normal commitments. 

All war contractors should have the privilege of re- 
taining those inventories for which they are willing to 
pay actual cost or a fair price negotiated with the gov- 
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ernment procurement agency. The balance of the in- 

ventories in the hands of war producers should be 

assembled by the government and sold in an organized 

manner. It is of great importance that the plants be 

cleared of these inventories at once so that the process 

of conversion to peacetime operation can proceed with- 

out further delay. To accomplish this, preparations must 

be made before the end of the war for speedy deter- 

mination of the inventories to be moved and for a huge 

volume of storage space to accommodate them. 

The price which can be realized and the timing of 

sale are closely related. Certainly the best prices will 

not be secured if the government attempts to dispose of 

large supplies of material and products suddenly without 
regard to market conditions. Most businessmen rightly 

favor an early transfer of surplus inventories from gov- 

ernment to private ownership. But, they also realize 

that if all the surpluses are dumped indiscriminately as 

they become available, many markets will be badly de- 

pressed, and the resulting low prices will bring lower 

production. If this depression effect becomes general, 

as it easily can, it will be costly to the nation in terms 

of jobs, income, and goods. 

In industries in which production is inadequate to 

meet postwar demands, an immediate sale of govern- 

ment inventories can prevent inflated prices and preserve 

balanced market conditions. In cases in which the sur- 

pluses are large in relation to annual production, the 
disposition can be scheduled over a period of years. 

Generally, however, it will be best to clear the surpluses 

as quickly as orderly sale can be accomplished rather 
than to leave them as a continuing threat overhanging 
the market. Most industries can, and should, take the 

disposal process in their stride without special dispensa- 

tions from the government. In this connection, it should 

be noted that the tax provisions for carry -back of losses 

and excess profit credits after the war greatly increase 

the possibilities for speedy disposal of surpluses without 
serious injury to producers. 

There will be some industries, however, in which the 
postwar surplus is so large that it would practically 

saturate the market for years to come. The problem of 

these industries is further complicated by their wartime 

expansion of capacity many fold in excess of peacetime 
requirements. These lines of production are, moreover, 

crucial for our national defense. Aircraft and shipbuild- 

ing are cases in point. Each of these situations calls for 

careful study and discussion by all concerned to devise 

means to keep alive the necessary production organiza- 

tions, the research effort, and the spirit of enterprise. 

Insofar as possible, the individual manufacturers should 

work out their own salvation in the conversion to peace- 

time markets. They can do this by taking on new lines, 

by increasing their production efficiency, and by de- 

veloping technical improvements which make the ex- 

isting inventories obsolete. But they still will need some 

kind of government protection or assistance while the 
huge surpluses are being worked off. It is most im- 

portant, however, that such protection or subsidy be 
limited to a period of three to five years. It must not 
become permanent unless it is really essential for our 
national security. 

The disposal of surplus inventories is part of the 
whole process of demobilization of the war effort and 
conversion to peace. If this process is to be accomplished 
with minimum dislocation and injury to our economy, 
it will have to be directed by a central agency which 

has developed adequate information service and is in 

position to coordinate the policies of the Armed Serv- 

ices and the other interested executive branches of the 
government. This agency should draw freely on the 
knowledge of businessmen in the specialized problems 
of marketing surpluses in each industry. It should for- 

mulate definite programs of inventory disposal for all 

industries in which the problem is acute; and it should 
make these programs public as soon as possible, so that 
business can plan for the future with confidence. In large 

measure, the success with which we make the economic 
transition to peace will depend on the quality of gov- 

ernment administration in the process of industrial de- 

' mobilization. We shall need better organization for the 
transition to peace than we had in mobilization for war 

if we are to avoid needless unemployment, loss of pro- 

duction, and frustration of business enterprise. 

President, McGraw-Hill Publishing Company, Inc. 

t 
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e1t,nAc 2cnat 

Prices drop on these Six Eimac Tubes 

\ wuurn tubes are now being massed produced on vast scale 
imac. The us of new manufacturing techric1aes has effected 

.tor at savings which Eimac is passing along ro user-. The new 
efices listed bellow are now in effect. 

Old Price :Attr 

304 -TH $ ,f5& O $ 30.00 
304 -TL ,6i.5,P00 50.00 
450 -TH 15400-` 60.00 
450 -TL ßf7 60.00 
750-TL 135.00 

1000-T 100.00 
1500-T 1E5.00 
2000-T -J.e coo 225.00 

Write today for new price sheet which covers these changes 
and provides essential data on all Limac tu'i;xs. Remember 
F,mac tubes are first choice of leading engineers throug1uut 
the world ...first in the new developments in clecr_ronics. 

EITEL-McCUttOUGH, INC., 801 San Mateo Ave., .AN BRUNO, CALIF. 

Plan's located at San Bruno, Calife nia and Sot Lake City, Jta-, 

J'o,'lutt' the leader:., to 

Export Agents: FR.gé,iR 
301 Street Sar, Francisco, C..r; ¡srii.. d '. . 
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A Word That Applies to Switch and Catalog Alike 

JELECTRONIC designers and engineers are 

fast learning the multiple advantages of 

keeping the Mallory catalog handy at all times. 

Mallory stock switches are just one of these 

reasons. From the complete Mallory line, selec- 

tor switches are available to provide from one 

to 36 complete* circuits. All are ruggedly con- 

structed and have silver-plated terminals and 

contactors for high conductivity and excellent 

insulation. 

By checking the Mallory Catalog while plans 

are still on the drawing board, you'll. find many 

stock parts that will help you to avoid unneces- 

sary tooling costs and long production delays. 

Mallory precision parts are serving the electrical 

and electronic fields throughout the world in 

essential civilian and military service. Send to- 

day for your catalog of Mallory parts available 

throughout the United States and Canada at 

conveniently located Mallory distributors. 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 

P. R. MALLORY 8 CO..Inc. 

MALLORY There Are Bonds That Tie You to Your 
Fighting Man-Government War Bonds! 

Approved Precision Products 
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CROSS 

SYMBOLS ... Meeting in New York on January 
22 under the auspices of the American Standards 
Association, representatives from industry and from 
the armed forces prepared a compromise set of 
symbols covering component parts commonly found 
in most electronic circuits, regardless of their na- 
ture. Minutes of the meeting together with drawings 
showing the proposed standards, and ballots with 
which to indicate approval or recommend reconsider- 
ation, were mailed February 2 to men who attended 
and others who have an interest in the subject. 

The symbols involved included capacitors, con- 
tactors, resistors, inductors, transformers, and oper- 
ating coils. The first recommendation voted by the 
meeting eliminated as a symbol for a capacitor the 
parallel straight lines conventionally used in com- 
munications diagrams, substituting one straight line 
and one curved line. It was suggested that parallel 
straight lines hereafter represent a contactor, as in 
power diagram practice, with the proviso that the 
lines be short and that the space between the lines 
roughly equal the length of the lines. Indication of 

TALK 

sequence contacts by means of a more elaborate sym- 
bol, shown in the accompanying illustration, was 
approved. It was recommended that a zig -zag line 
or simple rectangle, rather than a crenelated line, 
be used to indicate a resistor. Inductors, and the 
windings of transformers, are to be drawn as a series 
of closed loops, with the use of parallel straight lines 
to indicate metallic cores left optional. Three types 
of symbols for operating coils, shown in the ac- 
companying illustration, were tentatively approved. 

The spirit of cooperation shown at the meeting 
was most encouraging. Communications men and 
power men whose symbols have long been used in 
their respective branches of the art appeared willing 
to give and take a little for the good of the industry 
in general and the war -effort in particular. Men 
representing services which classify strictly at 
neither one extreme nor the other appeared willing 
to string along. It is hoped that when letter ballots 
are returned by all concerned some very old and 
confusing differences in symbols will be finally 
reconciled. 

Compromise Symbols Recommended by Representatives of Industry and the Armed Forces 

INDUCTOR RESISTOR 

Air core ---1 0-50 

Mogne+ic-core \- 

TRANSFORMER 

Air -core 

Magnetic -core 

iE 
3 E 

fixed 

Variable 

-"'I f or V V\/- 

CA PAC I TO R 

T 

Adjustable *9' 

OPERATING COIL 

Simple 1 

Detailed 

or o 

CONTACT 

Simple 
(open) 

(closed) -- /- 
Sequence 
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WARTIME ELECTRONIC 
How government and industry, British and American, are exchanging patented and 
unpatented technical information in furtherance of war production, with minimum 
delay and with the goal of avoiding infringement suits and other post-war legal tangles 

A,T the beginning of the War, 
two fundamental problems, 

both based on patents, faced the 
Armed Forces and American in- 
dustry. The first was the difficulty 
in transferring research and de- 
velopment information between 
laboratories, on both sides of the 
Atlantic, that were working on 
parallel or closely related develop- 
ments. 

In the early summer of 1941, 
when the program was first con- 
ceived, many of the "secret weap- 
ons" which have since made history 
were in their earlier stages. Each 
organization was inclined to be- 
lieve that it was far ahead of its 
competitors in the commercial field, 
and most of them were reluctant to 
give information to the others lest 
"hedging" patents might be granted 
that would deprive them of the 
benefit of their own original work. 
Military security regulations 
tended to foster this view. Further, 
many officers, to whom patents were 
a mystery, were more hesitant 
about asking one company to give 
information to another than the 
companies would have been to give 
it if asked. 

The "Save Harmless" Clause 

The second problem had to do 
with responsibility for infringe- 
ment in the manufacture of equip- 
ment for the government. By 
statute this responsibility rests on 
the government, but because in 
time of peace the contractor had 
better facilities than the Armed 
Services for determining what 
patents were involved in a piece of 
equipment, and in order to prevent 
wholesale piracy of patents, nearly 
all government contracts carried 
the so-called "Save Harmless" 
clause, whereunder the contractor 
indemnified the government against 

liability for unauthorized use of 
inventions. 

Some twenty-five years use of 
such clauses had endowed them, in 
the minds of most contracting offi- 
cers, with almost the sanctity of 
Holy Writ. Procurement instruc- 
tions practically made their use 
mandatory. But in time of rearm- 
ament and approaching war, they 
were a constant source of irritation 
and delay. Contractors resented 
receiving orders to build new and 
unfamiliar equipment, utilizing 
scores or even hundreds of patented 
inventions, and being required to 
assume the unknown patent liabil- 
ity. Smaller companies simply 
signed and took their chances. The 
largest stalled the actual signing 
of the contracts while they made 
patent searches, and then tried to 
obtain necessary licenses, if any. 
Many contractors, of intermediate 
size, set up reserves to pay esti- 
mated royalties or damages. But 
one and all they argued with the 
contracting officers, who could do 
nothing but follow instructions. 

Open Patent Pool Was First Proposed 

It appeared to certain officers in 
both the Army and Navy that both 
of these problems would be much 
simplified by the formation of an 
open patent pool in the radio in- 
dustry. If membership in such a 
pool were so general as to be prac- 
tically universal no member would 
need fear being blocked off from 
the use of his primary inventions 
by the improvement patents of an- 
other-he would be automatically 
licensed. And with the vast major- 
ity of radio and electronic patents 
in a pool, the liability of infringe- 
ment would be much reduced, and 
it might be possible to delete the 
"Save Harmless" clause from pro- 
curement instructions. 

The major factors in the indus- 
try were sounded out on this plan, 
with varying results. Finally the 
Under Secretary of War called a 
general meeting of the industry to 
discuss it. The date of the meeting 
may have had much to do with the 
result-the industry representa- 
tives met in the new War Depart- 
ment Building on December 9-two 
days after Pearl Harbor, under the 
chairmanship of Lt. Col. (now Col.) 
Conrad E. Snow. 

Formation of Patent Committee 

The Open Pool plan was not 
adopted. Some members were defi- 
nitely opposed to it, some felt that 
while desirable it presented diffi- 
culties which would delay its ef- 
fectiveness indefinitely, some were 
heartily in favor. All appeared to 
recognize the problems, and agreed 
that some action was desirable, and 
the meeting, before adjourning, 
recommended that a committee of 
the industry be appointed by Army 
representatives, to formulate 
recommendations to the Services 
for meeting the problems involved. 

The appointment of the commit- 
tee was delegated to Major (now 
Lt. Col.) Donald K. Lippincott, 
who was chairman without vote. 

Three meetings were held, on 
Decembed 12, 19 and 30, 1941, and 
on the 30th, after three days of 
sometimes heated debate, in which, 
it must be admitted, Army and 
Navy "observers" joined on occa- 
sion, the following recommenda- 
tions were unanimously adopted: 

1. That all manufacturers and 
developers in the Radio Industry 
in the United States of apparatus 
useful to the Government for com- 
munication, signaling, remote con- 
trol, navigation, and direction and 
position indication, undertake, sub- 
ject to payment of reasonable com- 
pensation in these instances in 

r 
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PATENT POOL 
which compensation is deemed equit- 
able, to supply all pertinent tech- 
nical information relating to such 
apparatus to, and to confer with, 
any party designated by the Gov- 
ernment after consultation with the 
manufacturer or developer con- 
cerned. 

2. That, in its discretion and 
where feasible, the Government en- 
deavor to obtain licenses, or other 
rights, from owners of rights un- 
der inventions, patents, and patent 
applications to make or to have 
made, to use, or to sell or otherwise 
dispose of pursuant to law, appa- 
ratus for communication, signaling, 
remote control, navigation, and di- 
rection and position indication. 

J. That the "Save Harmless" pro- 
vision, sometimes included in gov- 
ernment contracts, be eliminated 
from all future government con- 
tracts pertaining to apparatus for 
communication, signaling, remote 
control, navigation, and direction 
and position indication. 
The recommendations were cir- 

culated among the members of the 
industry, and a second general 
meeting was called, under Col. 
Snow's chairmanship, on Jan. 20, 
1942, at the Hotel Roosevelt in New 
York. The debate here was short; 
thé committee made its report, 
stated the reasons for the phrase- 
ology, gave its interpretation on 
some points, and the recommenda- 
tions were unanimously adopted as 
those of the industry to the War 
and Navy Departments. 

Approval of Services Secured 

The Departments acted more 
slowly. The recommendations called 
for major changes in policy, and 
many approvals were necessary. 
By the middle of March, however, 
these approvals had been obtained, 
and the recommendations were 
adopted as policy by both Services, 
with the reservation that the in- 
clusion of the "Save Harmless" 
clause was not forbidden, but was 
made discretionary. This, however, 
was a vast change of emphasis 
from the former practice which 
made its omission require discre- 
tionary action by higher authority. 
The Services immediately began to 
solicit licenses. 

To secure them was not as simple 
as might appear from their unani- 
mous recommendation by the indus- 
try. No terms were specified in the 
recommendations, and ideas as to 
what such terms should be were 
diverse, both in industry and the 
Services. Some thought licenses 
should all be royalty free, some that 
they should be paid for. Some 
thought an unvarying form should 
be insisted on, others that flexibil- 
ity of form was essential. The early 

Procurement of Patent Licenses 

By the end of June, however, the 
problems had been_ largely resolved 
by virtue of cooperation by all par- 
ties and their spirit of compromise 
to achieve the end desired. Thirty- 
two licenses had been accepted, and 
the terms of others 'had been set- 
tled, so that they required only for- 
malization. The program was defi- 
nitely a success. 

License -Negotiating Principles 

Broadly, the principles adopted 
in negotiating the licenses were 
these: Where royalties had been 
the main source of revenue, license 
fees were paid for the Government 
licenses, particularly where there 
were research or development labor- 
atories to be supported by such pay- 
ments. Where patents had been 
used primarily in their own prod- 
ucts or for their trading value by 
concerns which obtained their 
revenue from manufacture, the li- 
censes were royalty free. 

In all cases except one, the li- 
cense agreements contained a cove- 
nant by the Under Secretaries of 
War and Navy to omit or waive 
"Save Harmless" clauses in supply 
contracts with the licensors. The 
one exception refused such a cove- 
nant, maintaining that the in- 
demnity clause should be omitted 
as a matter of common justice, and 
refusing to make it an element of 
a bargain. (It may be added that 
both Signal Corps and Navy omit 
the clause in supply contracts with 

this company and its subsidiaries.) 
No extent -of -use royalties are paid ; 

wherever payments are called for 
by the licenses, they are on a flat 
fee basis, either for the duration 
and six months or at a rate of so 
much per year. 

Results 

The number of licenses so far ac- 
cepted by the Government now ex- 
ceeds 140. The program is not com- 
plete, and the Signal Corps says it 
doesn't expect it ever will be. 
Patents, they point out, issue every 
Tuesday. But an overwhelming 
majority of existing patents are in- 
cluded in the program, and the more 
difficult problems continue to be 
settled by patient negotiation, and 
new licenses continue to be granted. 

The Government proponents of 
the program are happy about the 
way it has worked. The Signal 
Corps estimates that the average 
time for the negotiation of con- 
tracts has been cut by two weeks 
through the elimination of all ar- 
guments on patent liability. 

The Government's payments in 
license fees for all licenses accepted 
to date are somewhere betwen five 
and six million dollars per year. 
Computation of royalties is ex- 
tremely complex; there are deduc- 
tions to be made, sliding scales to 
be considered; even the figures on 
which such computations are based 
are military secrets. 

The Signal Corps expects almost 
complete freedom from post-war 
patent litigation. Some litigation 
there certainly will be, for claim- 
ants whose very existence is now 
unknown to the Government will al- 
most certainly arise, maintaining 
that they are the true inventors of 
the spectacular developments that 
come out of the war. But in spite 
of the enormous use of radio and 
electronic technique by all branches 
of the Services, it is not believed 
that any litigation comparable to 
that which followed the last war 
(some of it still unsettled) will fol- 
low this one. 

ELECTRONICS - March 1944 
93 

www.americanradiohistory.com



Captured AXIS 

A detailed description of the German FUG -10 panel used in bomber and reconnaisance air- 

craft. Included in the installation are two separate transmitters and receivers, a direction - 

finder, blind -landing gear and an intercom system 

AMERICAN MANUFACTURERS have 
exhibited considerable inter- 

est in captured Axis equipment, 
wherever it has been shown. The 
following detailed description of 
the German FUG -10 panel used in 
bomber and reconnaisance aircraft 
should, therefore, prove useful. 

The German FUG -10 panel, or 
rack, contains two transmitters 
and two receivers. One transmit- 
ter and its companion receiver op- 
erate in the 300-600 kc band. The 
other transmitter and its associated 
receiver operate in the 3000-6000 
kc band. Both units employ cw and 
mcw operation. No voice communi- 
cation is used. In addition, the fol- 

lowing units are mounted on the 
panel: A remote -controlled direc- 
tion -finder operating in the 100- 
1100 kc band, a blind -landing de- 
vice operating in the 28-32 Mc 
band, and an interphone system 
which serves to supply communica- 
tion to the aircraft crew as well as 
to interrupt the cw transmission 
for purposes of ground homing. 

Equipment » is non -crystal con- 
trolled and relies on capacitance 
compensation for frequency sta- 
bility. Facilities are available for 
tuning a predetermined spot on a 
dial to a master -signal station 
which is undoubtedly maintained 
on frequency by crystal control. 

This corrects the calibration of the 
two receivers. The transmitters are 
then operated at low power and 
tuned to zero beat with the re- 
ceivers. This can be done during 
flight to compensate manually for 
changes in temperature and humid- 
ity. 

Mounting 

The two transmitter units and 
the two receiver units, as well as 
the associated dynamotor power 
supplies, are mounted on the large 
bulkhead -shaped rack by means of 
strong metal hooks and each is se- 
cured in place by two locking 
screws. A mounting of the various 
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FIG. 1-The FUG -10 panel with all units in place FIG. 2-Panel with the plug-in units removed 
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EQUIPMENT 

By R. A. GORDON 
Chief of Aircraft Section 

Naval Research Laboratory 
Anacostia Station 
Washington, D. C. 

units is shown in Fig. 1. From the 
shape of the bulkhead rack, it is 
evident that this equipment is 
mounted in the forward starboard 
side of the airplane. 

Plugs 

Each transmitter and receiver 
unit is provided with a test plug 
receptacle, mounted on the front. 
A set of indicating meters can be 
readily plugged into this receptacle, 
and the various circuits in either 
the transmitters or receivers can 
be instantly checked. If the trou- 
ble is due to vacuum -tube failure, 
an entire unit is removed and an- 
other unit is put in its place. The 
inoperative unit is probably taken 
to a central repair base for repair. 
If trouble is experienced in the wir- 
ing of the bulkhead rack, the whole 
rack can be readily swung out on 
its hinges and removed entirely 
from the airplane. 

Cables 

From Fig. 2, it can be seen that 
the Germans use a multiple spring - 
contact system for making inter- 
connections between the various 
units, the control boxes and the 
power supplies, 90 such plug con- 
nections being used on the master - 
control unit. It will be noticed that 
r -f cables are run promiscuously 
through the rack from each trans- 
mitter to the master -control unit 
(which is located at the upper 
right-hand corner), back to the 
master unit, and from there to the 
antenna tuning units. These r -f 
cables consist of flexible coaxial 
lines using synthetic insulation and 

FIG. 3-One of the two transmitters. The 
two sections bolt together, forming one unit 

are of approximately, 52 ohms im- 
pedance. 

Channel Selection 

Each transmitter and receiver 
unit is constructed so that four 
channels may be quickly selected. 
This is done manually by rotating 
the tuning dial until a series of 
clicker points engage preset me- 
chanical stops determining the po- 
sition of the tuning capacitor and 
variometer. These settings can be 
changed at Will by loosening set- 
screws, turning the dials to the de- 
sired frequencies and relocking the 
mechanism. 

Operating Procedure 

The radio operator has complete 
control of the receivers and trans- 
mitters. The navigator has con- 
trol of the blind -landing and d -f 
navigational equipment. The radio 
operator, in addition to having 
control of the equipment's func- 
tions for communication, can select 

-either the crew and the pilot or 
each separately for communication 
information. The pilot simply has 
a pair of earphones and a throat 
microphone with which to direct 
information to the radioman or the 

crew. There is no indication of any 
attempt to obtain dual operation of 
this equipment. 

The operation of the complete 
equipment, from the radio oper- 
ator's standpoint, is very simple. 
If he desires to operate on the 
medium -frequency band, he simply 
sets the medium -frequency trans- 
mitter and receiver to the selected 
spot frequency, turns the master - 
control knob to the medium -fre- 
quency position and tunes the re- 
mote -control antenna unit until a 
meter located on the master -control 
box indicates maximum antenna 
current. The operator may select 
either a fixed or a trailing -wire 
antenna. 

There is a novel feature con- 
nected with the tuning of the trail- 
ing antenna, in that when it is used 
for either medium or high -fre- 
quency operation, an electrically - 
operated reel automatically runs 
out or in, as the case may be, the 
correct length of antenna. For in- 
stance, if the operator selects oper- 
ation at 400 kc, the antenna reel 
automatically runs out approxi- 
mately 325 ft. If he suddenly re- 
quires operation in the high -fre- 
quency band at 4000 kc, the reel 
automatically runs in the antenna 
to approximately 35 ft. Thus, max- 
imum antenna efficiency is ob- 
tained. The antenna is normally 
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set at or near the quarter -wave 
length. 

Mechanical Construction, Parts 

The construction of the trans- 
mitter and receiver units is con- 
sidered a marvel of mechanical de- 
sign and assembly. The chassis of 
both receiver and transmitter are 
die-cast. There is no evidence of 
any appreciable machine work 
other than the tapping of screw 
holes. The component part mount- 
ings are either molded, die-cast, or 
stamped, and where screws are used 
for securing, a paste is used under 
the screwhead in place of the usual 
lock washers. This construction is 
indicative of a well -planned pro- 
gram of standardization, and it 
should be noted that other German 
equipment uses the same type chas- 
sis, the same type construction and 
often the same component parts as 
the FUG -10. 

Component parts are interesting 
in detail. The fixed resistors used 
in both transmitters and receivers 
number but seven different values. 
Where 10,000 ohms is desired, two 
5,000 -ohm . resistors are connected 
in series, and where 2500 ohms, is 
required, two 5,000 ohm resistors 
are connected in parallel. Thus, 
great standardization in resistors 
is accomplished. 

Vacuum tubes consist of one 
transmitting tube type which is 
equivalent to an American 50 -watt 
tube, and one receiving tube type 
which is the equivalent to the 9001 
series American tubes. By a stand- 
ardization of receiving tube types 
particularly, enormous saving in 
manufacture is accomplished, and 
the tests made on this equipment 
indicate that the Germans have 
probably sacrificed receiver per- 
formance and transmitter perform- 
ance in order to gain this stand- 
ardization. The one type of re- 
ceiving tube employed functions as 
an r -f amplifier, detector and audio 
amplifier, for both pentode and 
triode operation. It may be stated 
here that types of tubes used for 
transmitting and receiving per- 
form well over a frequency range 
of 200 kc to 40,000 kc. 

The transmitter tubes can be 
seen in Fig. 3. The receiver tubes 
are always mounted in what could 
be termed upside-down position. 
This is clearly shown in Fig. 4, 

which shows the interphone ampli- 
fier, from which tubes have been 
removed but in which their sockets 
are visible. This eliminates the use 
of sub -panels and allows wiring to 
the tube sockets and other compon- 
ents in this unit to be on the same 
level without running through 
shields or panel holes. 

The Germans use as little strat- 
egic material as possible. The wir- 
ing in the transmitter and re- 
ceiver units employs small solid 

12 pounds. German iron is excel- 
lent and, in general, appears to 
have an effective permeability of 
approximately 10. 

Iron -Core D -F Loop 

The iron -core direction -finder 
loop is used both for aural -null di- 
rection finding and left -right op- 
eration. However, as this is a loop 
antenna and is of course, affected 
by horizontal polarization such as 
is encountered in night operation, 

FIG. 4-Intercom amplifier, shown with tubes removed 

wire conductors with synthetic in- 
sulation. In general, these con- 
ductors are No. 24 tinned copper 
wire. This, of course, means a 
great saving in copper, and also a 
saving in space within the units. 
Further considering the matter of 
using a minimum of copper, the 
Germans make great use of pow- 
dered -iron cores. The variometers 
used for tuning the master -oscil- 
lator and power -amplifier circuits 
of the transmitters have such cores. 
The variable loading -coils in the 
antenna remote -control unit shown. 
in Fig. 5 also contain large pow- 
dered iron cores. The actual weight 
of copper used in the direction - 
finder loop antenna is one-half 
pound, while the amount of pow- 
dered iron core used in this coil is 

the Germans also use the airplane's 
transmitter for homing. A signal 
is transmitted to a ground d -f sta- 
tion. This signal is interrupted or 
pulsed. When operating over fairly 
short distances, of the order of 
30 to 40 miles, the ground station 
synchronizes on the ground wave, 
excluding the sky wave, and thus 
homes the airplane without adverse 
night errors. 

The overall sensitivity of the di- 
rection finder for a 5:1 signal -plus - 
noise to noise ratio with 15 milli - 
watts output is approximately 55 
µv per meter over the 100-1100 kc 
range. This is not considered very 
advantageous in view of the tre- 
mendous weight of the equipment, 
its low power output and somewhat 
low overall sensitivity. Sacrifices 
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apparently have been made pri- 
marily for great reduction in the 
use of copper. 

The Germans make great use of 
ceramic insulation, even to the ex- 
tent of using ceramic shafts on the 
ganged variable capacitors in the 
receiver units. Ceramic forms are 
used for all variometer tuning at 
frequencies above 600 kc. Below 
600 kc, a high-grade plastic form 
is used. Wherever a meter is to be 
used for r -f measurements, d -c in - 

FIG. 5-Remote-controlled antenna tuner 

struments with copper -oxide recti- 
fiers are used and these are usually 
calibrated in terms of r -f current. 
The meter used on the FUG -10 
equipment is very small and has a 
full-scale reading of approximately 
200 microamperes. 

Materials, Shock Mounts 

No provision is made for indi- 
cating failures in flight due to low 
voltage in any of the circuits; the 
only meter being supplied is that 
which indicates transmitting an- 
tenna resonance. 

The complete equipment operates 
from a 24 -volt d -c supply. This sup- 
ply operates two dynamotors. One 
of these supplies power to the 
transmitters and one supplies 
power to the receivers, blind -land- 

ing equipment, direction -finding 
equipment, and intercom. 

Considering the standardization 
of parts, it might be well to note 
that the antenna insulator used on 
this equipment is considerably 
larger and heavier than is required. 
This insulator is capable of with- 
standing 30,000 volts at high alti- 
tudes but is used in a circuit which, 
under the highest voltage condi- 
tions, is subjected to not more than 
3500 volts. It is apparent from this 
that the antenna insulator is a 
standard unit, probably used on 
tanks, mobile equipment, and even 
on shipboard. 

Synthetic rubber shock mounts 
are provided for each individual 
unit. 

Performance Characteristics 

The operating characteristics of 
the equipment are as follows: 

For the medium -frequency trans- 
mitter, the optimum antenna load 
is found to be 200 µµfd and 30 ohms 
resistance for an output of 55 
watts. For the high -frequency unit 
the optimum antenna load was 
found to be 8 ohms and 250 µµfd, 
the output varying from 39 to 62 
watts over the range 3000-6000 kc. 
Frequency deviation on both the 
medium and high -frequency trans- 
mitters was found to average 0.001 
percent, or 10 parts per million 
per degree Centigrade. These tests 
were made over a temperature 
range of +50 to -30 deg C. This is 
considered very good stability. 

The frequency stability due to 
conditions of humidity, however, 
is considered inadequate for normal 
service conditions, the deviation 
being 0.09 percent at a temperature 
of 50 deg C, with humidity ranging 
from 27 percent to 98 percent on the 
medium - frequency transmitter, 
and 0.7 percent on the high -fre- 
quency transmitter. Thus we can 
see that engineering effort was 
made to stabilize the master -oscil- 
lator for temperature changes but 
no particular provision was made 
for stabilization under conditions 
of varying humidity conditions. 
This is borne out by the fact that 
no effort has been made to protect 
the fixed tank capacitors in master - 
oscillator power -amplifier circuits, 
choke coils, or loading coils, by 
either impregnation, shielding or 
sealing. It is evident that this 

equipment was never intended for 
use under tropical conditions. 

The overall transmitter efficiency 
is 9.7 percent, which is considered 
low. The calibration accuracy of 
the mechanical reset mechanisms 
is within 300 cps for the medium - 
frequency unit and 700 cps for the 
high -frequency units. This is con- 
sidered adequate for cw operation. 
The receivers have a low noise out- 
put content, this being from 0.72 
to 1.3 milliwatts over the entire fre- 
quency range, with the receivers 
operating at full gain. The effec- 
tive sensitivity of both receivers 
is approximately 4 microvolts for 
a 10 -mw signal output, measured 
with a signal-to-noise ratio of 5:1. 
The selectivity of the medium -fre- 
quency receiver was 3.3 kc at 6 db 
down and 10 kc at 60 db down. Se- 
lectivity of the high -frequency re- 
ceiver is 9 kc at 6 db down, 28 kc at 
60 db down. This appears to be 
normal receiver design. The audio 
fidelity varies ± 6 db relative to 
zero db at 1000 cps. The total har- 
monic distortion is approximately 
5 percent. The receivers are sup- 
plied with some noise -limiter action 
but no substantial avc action is in 
evidence. 

Both transmitter and receiver 
units operate entirely satisfactorily 
under conditions of vibration. The 
control knobs and dials on the from, 
of the transmitter -receiver units 
are hinged, so that when not in 
use they may be recessed back Rush 
with the front panel. This elimin- 
ates the nuisance of the operator or 
crew catching their clothes on these 
controls when passing, detuning the 
equipment. 

The complete equipment as de- 
scribed above weighs 358 lb. While 
no definite information can be given 
on the performance of equivalent. 
American equipment, it can be 
stated that, for the same size and 
weight, comparable American 
equipment will furnish a much 
greater frequency range, possess 
much better operating features un- 
der high temperature and humidity 
conditions, and provide voice opera- 
tion. However, from an over-all 
production standpoint American 
equipment could not at present 
compete with the German construc- 
tion due to the standardization of 
chassis and parts. 
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D -C AMPLIFIER 
Design equations with practical examples, stabilization of negative feedback amplifiers, 

cathode follower and phase inverter considerations, tube drift problems in high -gain 

d -c amplifiers, and operation of multistage amplifiers from common power supplies 

AMETHOD of directly coupling 
successive stages of a vac- 

uum -tube amplifier without using 
a common B -supply has been de- 
scribed by W. M. Brubaker.' Ex- 
cept for the verbal description in 
this note, the circuit does not seem 
to have appeared in print in spite 
of its woefulness and simplicity. In 
the simplified version of this cir- 
cuit given in Fig. la, a battery is 

shown tapped near the middle, with 
a resistor connected across the en- 
tire battery. It is obvious that re- 
gardless of the position of the tap 
on the battery, there is always a 

point on the resistance which is ex- 
actly at the same potential as the 
tap on the battery. Thus, it is pos- 
sible to tap a source of voltage 
(E, + E,) and, regardless of the 
load placed upon the source of volt- 
age, find a point on the load which 

By 

EDWARD L. GINZTON 
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will be at the same potential as the 
tap. 

In Fig. lb, this tap has been ap- 
plied to the amplifier coupling. A 

source of voltage (E, -}- E,) is 
tapped, and this point is connected 
to the cathodes of the two tubes. 
Then resistances R,, R R,, and the 
(d -c) plate resistance R, of the tube 
are so chosen that the junction be- 
tween resistors R. and R. is at the 
same potential as the tap on the 
source of voltage (E, + E2) . Any 
number of tubes may be cascaded 
in this manner, all using the same 
power supply. 

This method makes it possible 

Fig. 
and 

1-Basic bridge circuit, 
bridge version used for 
interstage coupling 

Fig. 2-Equivalent circuit of 
the coupling network in Fig.lb 

to eliminate the zero -signal d -c 

component from any similar cir- 
cuit. Several other modifications 
are illustrated in later sections of 
this article, with circuit data. 

Design Equations 

The equivalent diagram of Fig. 
lb, together with the symbols 
which are used below, is shown in 
Fig. 2. It should be noted that 
R, is the d -c plate resistance of the 
tube, equal to the d -c voltage E. 
at the plate of tube divided by d -c 

plate current I,. The analysis of 
this circuit should show how the 
voltage E. depends upon the various 
constants shown in Fig. 2, and how 
this voltage can be adjusted to any 
desired value. Applying Kirchhoff's 
Law to Fig. 2, one has : 

i, (R, + R,) + i2 (R,) = E, 
in(R,)+i2 (RI +R2+R,) = E,+ Eº 

(1) 

E, - 
But i, = R, 

and i, 
Ra 

E, 

By combining these equations and 
rearranging their terms, 

E, +' Ea 
R2 = R, 

E'1 - E, (1 +,R,/R,) 
(2) 

and Ra = R, 
E, - Ea 

(3) 
E, - E. (1 + R,/R,) 

Equations 2 and 3 are the design 
equations. If one designs an ampli- 
fier for given supply voltages E, 
and E,, and a given plate voltage 
Ea, and if one knows R then R. and 
R. may be computed to produce the 
required E,. Sometimes, however, 
one knows all voltages ; i.e., E E 
Ea, and E,, but R, must not exceed 
a certain value. Then Eq. (3) can 
be inverted: 

R1 Rs 
E, - E. 

E2 - Ea + E0 (Ra!R,) 
Now, from Eq. (2) and (3), 

RR - Ra E. + Ea 
$-Eat 

(41 

(5) 
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DESIGN TECHNIQUES 
forming an alternate set of design 
equations. 

If a resistance -capacitance cou- 
pled amplifier is designed to pro- 
duce a certain amplification A,,, and 
is converted into a d -c amplifier by 
means of the circuit described 
above, the amplification A of the 
d -c amplifier will be less than A. due 
to the voltage drop across R,,. "Ef- 
ficiency" of amplification may then 
be defined as = A/A.. While an 
exact expression for the efficiency 
can be derived, it is more signifi- 
cant to use an expression based 
upon a few assumptions. If the re- 
sistance -capacitance coupled ampli- 
fier is a pentode tube with an in- 
finite dynamic plate resistance, load 
resistance R,, and grid leak resis- 
tance Ra, and a trans -conductance 
g,,,, its amplification is : 

A.=g. RiRa 
R, + Ra 

(6) 

If a d -c amplifier is now designed 
using the same load resistance R, 
and the same grid leak resistance 
R,,, then the amplification of the 
d -c amplifier will be : 

Ri (R: + Ra) Ra 
A -9"Rt+R,+R,Rs+Ra 

R, Ra =9mR,+Rz+Ra (7) 

Efficiency of Amplification 

The efficiency of amplification i 
can be computed by combining 
Equations (3), (`5), (6), and (7), 
giving 

1 

Eo + Es 
1 

+ E2 - Ea + E, - E, (1 + R,/R,) 
(8) 

The significance of this relation 
can be seen more clearly when 
E, = 0 and the supply voltage E,, = 
(E, + Eº)» E. (1 + R,/R,), all of 
which is accurate enough for quali- 
tative discussion, remembering that 
R, can be considered infinite. 
Then 

1 n--1+Eo/Eb 

This means that for best efficiency, 
E. should be as small as possible 

Fig. 3--A two -stage d -c amplifier using pentode tubes 
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Fig. 4-A two -stage direct -coupled amplifier employing negative feedback. 
Curve A shows the frequency response with feedback; B. without feedback 

in comparison to the supply volt- 
age. As an example, a 6SJ7 may be 
operated under the following con- 
ditions : 

Es = 400 y, E, = E, 200 y, 
Ea= 100 y, Ea=0v,R,/R,=0.5. 

Using Eq. (8), the comparative 
amplification is found to be 71.4 
percent. By means of more careful 
design, efficiencies in the neigh- 

borhood of 80 percent can be real- 
ized. 

An Illustration 

As an example, Fig. 3 shows a 
two -stage amplifier using two 6J7 
tubes. Suppose a 400-v power sup- 
ply is available. From a tube man- 
ual, one finds the recommended op- 
erating conditions for such a tube 
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Fig. 5-The conventional R -C coupled cathode follower (a) and the Brubaker 

equivalent of the conventional cathode follower (b) 

(older manuals, such as RCA -RC - 

12 give more complete information 
than the later ones). For 6J7: 

Plate supply voltage 180 v 
Screen voltage 30 v 
Grid voltage 1 55 v 
Plate voltage (Ea) 60 v 
Plate current (i,,) 0 24 ma 
Screen current 0.08 ma 
Plate load (R1) 0 5 meg 
Grid leak (R3) 0 5 meg 
Cathode resistor 4850 ohms 
Voltage amplification 93 
Transconductance g,,, 375 µ mhos 

The d -c amplifier operating under 
similar conditions will have the fol- 
lowing modifications in its design 
formulas, obtained from the above 
data and the notation previously 
given : 

Eo R, 60 0.25 meg 
0.24 X 10-' - 

Eo = 60 v E2 = 150 v 

Ri = 0.5 meg El = 250 v E3 = O v 

E3 may be any practical value, zero 
being the most convenient. From 
Eq. (2) and (3), R2 = 1.07 meg and 
R3 = 0.428 meg. The amplification 
per stage can be computed from 
Eq. (7), and is found to be 100. 
This is higher than the correspond- 
ing resistance -capacitance coupled 
stage because of the higher grid 
leak resistance. If the resistance - 
capacitance coupled amplifier were 
to use the same grid -leak resis- 
tance, its amplification would be 
about 125 for the same value of 
plate current. 

It should be noticed that in 
single -ended amplifiers with cath- 
ode resistors, there is a loss in am- 
plification due to negative feed- 
back introduced by the cathode re- 
sistors, so that the effective ampli- 
fication per stage is A,. r. = A,/ (1 + 
R,, g,), where R, is the cathode re- 
sistance. In the example shown in 

Fig. 3, this reduction in amplifica- 
tion is from 100 to 37. If the 
screen voltage is obtained by means 
of a series dropping resistor, even 

a further reduction of gain could 

be expected.' 
The decrease in amplification due 

to negative feedback introduced by 
the cathode and screen resistors can 
be eliminated either by using push- 
pull amplifiers, in which case there 
is no degeneration, or by using 
fixed grid bias and screen supplies. 

The amplifier shown in Fig. 3 

should have an overall amplifica- 
tion of about 1400, a uniform fre- 
quency response from zero to 20,- 

000 cps, and should be able to de- 

liver about 50 v peak without ap- 
preciable distortion. 

Stabilization of Negative Feedback 
Amplifiers 

Since the output of the Brubaker 
amplifier can be adjusted to have a 

zero d -c component, conventional 
negative feedback circuits can be 

used to stabilize the amplifier. The 
principles involved in applying neg- 
ative feedback are now so well 
known that it is not necessary to 

say very much about either the 
method or the final results. A few 
remarks, however, might be help- 
ful in realizing the best perform, 
ance. 

In applying negative feedback in 

a multi -stage amplifier of the Bru- 
baker type, the same oscillation 
criterion applies as in the case of 
the ordinary resistance -capacitance 
coupled amplifiers: unlimited feed- 
back can be applied in one or two 
stages without any oscillation trou- 
bles, and over a larger number of 

Fig. 6-Two types of d -c phase inverters. The tubes can be either triodes or 

pentodes in the circuit at (a) 
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stages if proper care is taken.' In 
general, application of feedback to 
one stage does not produce great 
benefits, and more than two stages 
require a compromise design be- 
tween frequency response and the 
degree of stabilization. It is the 
two -stage amplifier that is easiest 
to handle if audio frequencies as 
well as d.c. have to be amplified. 

If negative feedback is applied 
to a two -stage amplifier, (or any 
even number of stages), such as 
shown in Fig. 4 the feedback re- 
sistor R. has to be connected from 
the plate circuit of the last stage to 
the cathode resistor of the first 
stage. As a result of this, there is 
an undesirable loss of amplification 
due to two effects: (1) the un -by- 
passed cathode resistor R, in the 
first stage, and (2) the loss in gain 
of the second stage due to the 
shunting of the plate load by 
(R. + R,). 

As was shown in the preceding 
section, the first of these could be 
appreciable, while the effect of the 
second depends upon the magnitude 
of the feedback desired. These two 
effects are inter -related in such a 
way that the greater one attempts 
to make (3 (the fraction of output 
that is introduced into the input), 
the lower is the amplification of the 
two stages. This just means that 
in order to obtain a high degree of 
the stability, and at the same time 
the highest possible amplification, 
these two effects must be mini- 
mized. 

In practice, this can be done by 
(1) designing the output stage to 
operate with the lowest possible 
impedance so that the shunting ef- 
fect of a given (R. +R,) is as small 
as possible, (2) designing the in- 
put stage with the highest possible 
impedances so that for a given (3, 

R. becomes as high as possible, (3) 
adjusting the operation of the first 
stage so that its gain is obtained 
for the lowest possible value of g,,, 
to reduce the degenerative effects 
of R,, the un -bypassed cathode re- 
sistance of the first stage; (4) ob- 
taining the bias for the second 
stage either with a bias cell, or 
merely by choosing the proper value 
of E,. 

If properly designed, it is pos- 
sible to obtain both a stabilization 
factor of 100 and an amplification 
of approximately 100 with a two - 

124 
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40 
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115 125 

lament Line Voltage 

FIG. 7-Output voltage variation of the 
amplifier shown in Fig. 4 due to filament 

voltage changes 

FIG. 8-The basic Miller circuit which 
improves the drift problem of the input 
stage of the d -c amplifier. If g, is the 
transconductance of T. .t,en R, is nearly 

equal to 1 g, 

tube pentode ampifier. Figure 4 

shows the circuit and frequency 
response of an amplifier similar to 
one of Fig. 3, but stabilized by 
means of negative feedback. It 
will be observed that in order to 
connect resistance R. without dis- 
turbing the potentials of the cir- 
cuit, a tap on resistance R, had to 
be used which had the same poten- 
tial with respect to ground as the 
upper terminal of R, of the first 
stage. 

Cathode Follower Considerations 

Cathode followers of the type 
shown in Fig. 5a find application 
in circuits where a high impedance 
has to be converted into a low one 
without the use of transformers. 
In most such cases, in addition to 
the bias resistor R a resistance 
R. is added which allows greater 
output voltages and at the same 
time develops degenerative feed- 
back which tends to stabilize the 
action of the tube against voltage 
and tube characteristic changes. 

In conventional cathode follow- 
ers, the proper bias voltage de- 

veloped across R, is introduced to 
the grid through the resistance R,. 
The voltage across R. is kept from 
altering the situation by a blocking 
capacitor C, on the input side. Ca- 
pacitor C, prevents the direct volt- 
age across (R, + R,) from appear- 
ing at the output terminals. 

Figure 5b shows the d -c equiva- 
lent of Fig. 5a. Here the capacitors 
are omitted and the undesired di- 
rect voltage across R. is eliminated 
by connecting R, to E which may 
be the same voltage as is used in 
the amplifier proper. The proper 
value of resistance R, is chosen so 
that the current supplied from E, 
through R, and R; just equals the 
total cathode current of the tube; 
that is, 

tip =R.+R7 orR7=_-Re (9) 

Phase Inverter Considerations 

Push-pull arrangements have 
even greater advantages in d -c 
amplifiers than in resistance -ca- 
pacitance coupled ones. Single - 
ended input voltages can be con- 
verted to push-pull ones by means 
of phase inverters, which are shown 
in Fig. 6. It will be seen that these 
are again merely modifications of 
the well known a -c circuits. 

Figure 6a shows a push-pull am- 
plifier in which one grid is driven 
by the unbalanced input and the 
second grid from the output cir- 
cuit of the first one. The circuit to 
the left of the line a -a is designed 
in the obvious manner, using form- 
ulas previously given. If this is 
done, then the d -c potential from 
point b to ground will be zero, and 
point c can be chosen so that the 
ratio (R + R)/R equals the 
voltage amplification of the driven 
stage. If properly designed and 
adjusted, the input to both tubes 
will be balanced, there will be no 
degeneration due to cathode re- 
sistance R,., and the gain will be 
the highest possible with the tubes 
used. 

The phase inverter shown in 
Fig. 6b is perhaps the more useful 
of the two. If one were to bisect 
the circuit by a horizontal line into 
two symmetrical parts, then each 
one would again be designed along 
the general principles outlined be- 
fore. Each half of the circuit could 
possess a high degree of stability 
due to degenerative feedback de - 
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FIG. 9-A two -stage d -c amplifier using a Miller compensated stage, a cathode 
follower, and stabilized negative feedback 

veloped by the resistor R,. In the 
form shown in Fig. 6b the lower 
tube is driven by the signal voltage 
developed across R. due to the 
driver tube. If 

R. R, 
R. + R,y" > 1, 

then the output of the device will 
be balanced to the same degree as 
the above inequality. The bal- 
ance, of course, can be made per- 
fect by adjusting the tap b to the 
proper point. 

It should be pointed out that re- 
sistors R and R,, provide the 

-proper bias voltages for the two 
tubes, whereas R, and R, are so 
adjusted as to give the highest 
possible value of R, R,/ (Re + R,) 
and still maintain thé 'potential 
from point, a to ground zero, to 
provide for the condition that R, 
R,/ (R, + R,) » R or R,.. Other 
types of phase inverters often used 
in a -c circuits can be easily con- 
verted for d -c applications. 

Tube Drift Problems in High -Gain 
Amplifiers 

The most difficult problem in a 
high -gain d -c amplifier is the change 
in the plate current of the first tube 
due to random changes in the work 
function of the cathode surface. 
These current changes are usually 
small, but are always present. 
Negative feedback cannot eliminate 
these changes because they act as 
if they were input signal variations 
and as such cannot be distinguished 
from the signal itself. 

The most serious immediate 
cause of these current changes is 
the filament voltage, although am- 
bient temperature affects the cur- 

rent also. (In addition, there seem 
to be other causes which are not 
yet understood.) To illustrate the 
magnitude of these changes, Fig. 
7 shows the variation of the output 
voltage due to changes in filament 
voltage. The ordinate is an equiva- 
lent input voltage; i.e., change in 
output voltage amplification. 

A great improvement can be real- 
ized by means of a circuit described 
by Miller.' Miller uses a double 
triode with a common cathode, and 
the circuit is so arranged that if 
one triode behaves in the same 
manner as the other, cancellation 
of the variation takes place. The 
basic circuit is shown in Fig. 8. If 
R = 1/g,, then Ae =Oi,R,- 
(g, ¿ i, R,) R,=O; and changes in 
emitter characteristics that are 
common to both sections will 
produce no net change in the plate 
current of the active amplifier T,. 
An amplifier built with the first 
stage modified in this manner is 

FIG. 10-The effect of Miller compensation 
on the stability of the amplifier shown in 
Fig. 9. in respect to filament voltage 

changes 

shown in Fig. 9. Figure 10 shows 
the variation of the output voltage 
(again referred to input) as a 
function of the filament voltage of 
the first tube. It is seen that for a 
proper value of the resistance R 
a marked improvement is produced. 

Operation, of Multi -Stage Amplifiers 
from Common Power Supplies 

If many stages are used in an 
amplifier, currents flowing through 
the source of voltage (E, and E,) 
from the last stages can introduce 
voltages into the earlier stages. 
This causes regeneration which can 
express itself either in oscillation 
or other undesirable effects. There 
are two ways to avoid the trouble: 
(1) use of low -impedance power 
supplies, (2) separately filtered 
lines to groups of stages. The 
former can be accomplished by 
means of either batteries or prop- 
erly designed electronic voltage 
regulators, and the second by volt- 
age regulator tubes such as VR -105. 

The general method described is 
useful in extending practically all 
known techniques now used in a -c 
amplifiers to zero frequency. These 
methods are not restricted to am- 
plification alone. 

One of the objectionable features 
of this method is the necessity of 
two voltages, positive and negative 
with respect to ground. Miller' at- 
tempts to get around this difficulty 
by using cold -cathode regulating 
tubes as circuit elements. The use 
of these tubes in this manner 
brings up other problems, however. 
The VR -tubes need a fairly high 
voltage to start them and draw 
heavy currents. This causes 
troubles in design, adjustment and 
operation. The VR -tubes also tend 
to be noisy, so that their use is 
usually restricted in amplifiers, at 
least as circuit elements. The two 
required voltages can be obtained 
from one power supply and do not 
require additional parts. 
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N. Y. Winter Meetings 
Highlights of winter meetings held in New York City during the week of January 23 

by the Institute of Radio Engineers, FM Broadcasters Inc. and American Institute of 

Electrical Engineers. Captured enemy radio equipment was displayed by Signal Corps 

ATTENDANCE figures attested to 
the popularity of the plan 

adopted this year by IRE and 
AIEE winter convention commit- 
tees for scheduling their programs 
in the same week, with one big joint 
get-together on an overlapping day. 
Over 1200 registered at the En- 
gineering Societies Building in 
New York for the AIEE meetings 
and approximately 1700 were is- 
sued IRE identification cards at 
the Hotel Commodore. In addition, 
some 600 radio engineers, program 
managers and station owners at- 
tended the FMBI convention run- 
ing concurrently with AIEE ses- 
sions at the Commodore on January 
26 and 27. 

IRE Technical Sessions 

In Group A, on Friday morning 
January 28, "Joint Army and Navy 

Tube Standardization" was covered 
in a paper by Lt. C. W. Martel. 
Tube specifications, preferred lists, 
special selection, and type approv- 
als were among the subjects dis- 
cussed. 

Another paper was "A New 
Studio Antenna", in which M. W. 
Scheldorf of the General Electric 
Company presented a procedure for 
obtaining the highly directional 
radiation pattern needed for uhf 
studio -transmitter links. Reflector 
arrangements were discussed, with 
special attention to the energized 
reflectors used for the 333.4-333.6 
Mc antennas used in linking a 
Schenectady GE studio to a trans 
mitter in the Helderberg moun- 
tains. 

The session for Group A was 
closed with a discussion of "Orthi- 
con Cameras in Television Studio 

Major General Roger B. Colton, who talked about enemy communications equip- 
ment at the joint IRE-AIEE dinner meeting Jan. 27, is shown here with a captured 
German FUG 10 aircraft radio set exhibited at the conventions. This particular 

enemy set is described in detail elsewhere in this issue 

Work", by H. R. Lubcke of the Don 
Lee Broadcasting System. The 
RCA pickup tube discussed, ordi- 
narily used only for outdoor pro- 
grams, was foundighly satisfac- 
tory for studio work. It gave a 

realness, roundness and natural- 
ness considered highly desirable in 
comparison with images produced 
by the iconoscope camera, with no 
shading difficulties. It was possible 
to get dramatic effects against 
dark backgrounds, due to mainte- 
nance of the black level in the 
orthicon, though admittedly this 
tube requires more care and ad- 
justment than the iconoscope. 

The following three papers were 
presented to Group B Friday morn- 
ing: 

"The Limitations Imposed by the 
Quantum Theory on Resonator Con- 
trol of Electrons", by L. P. Smith 
of Cornell University, dealt with 
the considerations of the energy 
exchange-rate between electrons 
passing through a resonant cavity 
above 300 Mc, where the controling 
electromagnetic field would be ,of 

the order of 100 .micro -electron - 
volts. In such cases, the cus- 
tomary concept of the energy 
exchange relationship as a continu- 
ous effect is contrary to what we 
know about the quantum theory. 
Accordingly, the relationship is de- 
fined as taking place in definite 
steps, or jumps, of one quantum at 
a time. The probability of an ex- 
change of two quanta taking place 
at a single instant is negligibly 
small. . . . "In these days, when 
the frequency is going higher and 
higher, we should expect to run 
into (these) difficulties; where the 
results are far different from those 
expected from classical theory." 

"The Piston Attenuator", by 
Harold Wheeler of the Hazeltine 
Electronics Corp., illustrated the 

(Continued on page 312) 
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Square -corner antenna originally used at Clingman's Peak to 

receive 337 -Mc signals from the 25 -watt Winston-Salem relay 
transmitter W4XGG 

IN NOVEMBER 1941 Gordon 
Gray began construction of an 

f -m broadcast station at Clingman's 
Peak, N. C., a 6,571 -ft. site within 
three miles of Mt. Mitchell, the 
highest point east of the Missis- 
sippi. The nearest town of any 
size, Marion, was 35 miles away. 
Seven miles of intervening road 
was of the unimproved variety and 
it was necessary to construct one 
mile of new road over mountain- 
ous terrain at a time when temper- 
atures frequently dropped below 
zero and wind velocities ranged up 
to 50 miles per hour. 

Despite these difficulties and 
largely through the effort of chief 
engineer C. M. Smith, Jr. (now on 
leave and an Ensign, USNR), work 
which included the construction of 
water -supply and sewage systems 
and the necessary buildings had 
progressed sufficiently by June 1942 
to permit W41MM to begin trans- 
mitting test programs. The con- 
struction permit called for 50,000 
watts on 44.1 Mc to serve 70,000 
square miles. Wartime restrictions 
made it necessary to begin opera- 
tion with 3,000 watts and this 
power is still used at WMIT (the 

A 337 -Mc 
By PAUL DILLON 

Acting Chief Engineer, Station WMIT 
Winston-Salem, N. C. 

new call -letters of the Clingman's 
Peak station). Original plans for 
higher power were, however, kept 
in mind during design and con- 
struction and an additional ampli- 
fier is eventually to be added. 

Studio at Winston-Salem 

Studio facilities were provided at 
Winston-Salem, N. C. The use of 
an f -m radio relay transmitter as 
a means of piping program service 

from this point to the distant Cling - 
man's Peak station was decided 
upon for two reasons : The audio - 
frequency range and fidelity char- 
acteristics of such a system were 
known to be better than those of 
available telephone lines, and it 
was not possible to obtain a land 
line in the mountains without pro- 
hibitive construction and mainte- 
nance expense. 

The air -line distance of 116 miles 
between the relay transmitter 
(W4XGG) at Winston-Salem and 
the receiver at Clingman's Peak 
involved a gradually rising terrain 
interspersed with numerous hills 
and low mountain ranges. Even 
with the relay transmitter antenna 
on the roof of the Reynolds Build- 
ing, 21 stories above Winston- 
Salem's streets and the highest 
structure in the city, the path to be 
covered was slightly beyond the 
optical line -of -sight, at just about 
the maximum distance a "space 
wave" can be received without be- 
ing intercepted by the earth. 

STL Transmitter 

The relay equipment consists of 

Diretti vity 

insulator 

To support. 
Slider, 

Copper 
pipe 

insulator. 

Concentric -' 
line 
To receiver 

Rhombic receiving antenna. Theoretical signal gain is 11.5 db, theoretical 
directivity gain 15.8 db 
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FM STUDIO -STATION LINK 
A report on the performance of a 25 -watt frequency -modulated transmitter used to relay 
broadcast programs from the Winston-Salem studios of WMIT to the 3,000 -watt, 44.1 -Mc 

f -m station on Clingman's Peak, 116 airline -miles distant 

a 25 -watt transmitter and a com- 
panion receiver, both units having 
been especially designed for broad- 
cast STL (Studio Transmitter 
Link) service. 

The transmitter is of the "direct 
f -m" type, using a 6J5 master oscil- 
lator tube and a type 1853 reactance 
modulator. The master oscillator 
operates on 4,640 kc. Oscillator out- 
put is multiplied and amplified by 
frequency tripiers and a converter 
tube. The frequency -modulated sig- 
nal from one of the tripler stages 
is added in the plate circuit of the 
converter tube to the amplified har - 

Close -up of the receiving rhombic, showing 
the feed -line end at which the quarter - 
wave transformer section encased in a 
copper pipe and the concentric line dis- 

cussed in the text are used 

The 337 -Mc receiving rhombic antenna 
now used at Clingman's Peak. The old 
square -corner antenna, visible in the far 
corner of the roof, is retained for emer- 
gency use. The background of this photo 
gives a good idea of the terrain at the 

WMIT transmitter site 

monic output of a crystal -con- 
trolled oscillator utilized to main- 
tain center -frequency stability of 
the master oscillator. The result- 
ing signal at the output of the con- 
verter is tripled to the final oper- 
ating frequency of 337 Mc. The 
output of the final tripler excites 
the final power amplifier. The tubes 
used in the final tripler stage and 
in the power amplifier are 8010 - 
AR's, especially designed for high - 
frequency use. 

The antenna for the Winston- 
Salem STL transmitter is a two - 
wire horizontal rhombic with a leg - 
length of 4.2 wavelengths, and has 
a theoretical signal gain of 11.0 db 
relative to a half -wave dipole. The 
transmitter is coupled to the an- 
tenna through a i -in. concentric 
line by means of a half -wavelength 
matching section made from copper 
tubing. Adjustment for optimum 
operating conditions is obtained by 
moving sliders on the matching 
transformer until maximum signal 
strength is reported by Clingman's 
Peak. A "square -corner" reflector 
type antenna was originally tried 
for transmitting, but its use was 

discontinued when the rhombic was 
constructed and found to be con- 
sistently better. 

Clingman's Peak Receiver 

The 16 -tube receiver in use at 
Clingman's Peak is a double inter- 
mediate frequency superhetero- 
dyne having two separate audio 
output channels. Frequency sta- 
bility is assured by a temperature - 
controlled crystal oscillator incor- 
porated within the set. 

Another precaution taken to 
maintain stability is the use of a 
power -supply voltage regulator. 
The advantages of the voltage regu- 
lator are particularly apparent 
while making critical tuning ad- 
justments, which ' are necessary 
from time to time to keep the sensi- 
tivity and bandwidth characteris- 
tics of the receiver at their best. 

A convenient feature of the re- 
ceiver is the built-in noise -suppres- 
sor or squelch circuit, which si- 
lences the audio output of the set 
when the incoming carrier falls be- 
low usable strength. Front -of -panel 
controls make it easy to adjust the 
discriminator transformer second - 
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ary trimmer to correct for any fre- 
quency drift which might occur 
during the warming -up period, and 
to make rapid changes in the audio 
output level of the program chan- 
nel. 

Receiving Antenna 

The original antenna used for re- 
ceiving the W4XGG signal at Cling - 
man's Peak was a half -wavelength 
dipole, with a square -corner reflec- 
tor spaced with its vertex t -wave- 
length behind it. This antenna 
worked surprisingly well consider- 
ing its small physical size, and is 
still in place for use in emergencies. 
Normal signal at th' receiver input, 
using this antenna, was of the or- 
der of 100 microvolts. 

During the early part of 1943 a 
rhombic receiving antenna was con - 

Generating plant at WMIt' transmitter sie, Clingman's Peak. Three diesel- 
electric sets generating 75 icw apiece are used 

Power -control switchboard at the transmitter site. It permits 
remote control of the station's generators 

structed on the roof of the WMIT 
transmitter building and this new 
antenna is now in regular use. It 
has been giving us an average sig- 
nal input to the receiver of from 
150 to 250 microvolts, together with 
a background -noise reduction of 6 

to 10 db compared to the older an- 
tenna. The receiving rhombic is of 
the single -wire type and embodies 
one or two constructional details 
which we feel are worthy of men- 
tion. 

The legs of the antenna are six 
wavelengths long, which at 337 Mc 
approximates 16t feet. The angle 
of tilt in our case is 68 degrees, and 

the height above the roof is eight 
feet or about 3i wavelengths. A 

quarter -wavelength transformer 
section, made up as a two -wire line 
suspended inside a piece of one -inch 
copper pipe, is used instead of the 
conventional insulator at the open 
end of the rhombic. The position of 
the shorting -bar on the line can be 
varied by removing a cover which 
is normally placed over a slot in the 
side of the pipe. This adjustment 
is made by using the STL receiver 
as a field -strength indicating de- 
vice, setting the shorting -bar for 
maximum signal from W4XGG. 

At the feed -line end of the an- 

tenna another quarter -wave section 
similar to the one just described is 
used, with the center conductor of 
a ¡-inch concentric line being con- 
nected to one side of the quarter - 
wave line at the end of the antenna, 
and the outer conductor connected 
to the copper -pipe sheath surround- 
ing the line. The reasoning back 
of this idea is that because of the 
ratio of the impedances of the an- 
tenna and the coupling line, (ap- 
proximately 300 ohms and 75 ohms 

The 25 -watt Cameral Electric 337 -Mc f -m 

relay transmitter- Equipment extending 
from the :ight sick includes frequency and 
modulation monitors and remote control 

apparatus 
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respectively) a theoretically per- 
fect match is readily obtained. 
Looking at the quarter -wavelength 
section as a transformer with mid- 
points grounded, it can be seen that 
a connection made to one side of 
the line and ground would have an 
impedance equal to one fourth of 
the total impedance, or in this case 
75 ohms, the impedance of the coup- 
ling line. 

In addition to simplifying the 
problem of connecting the antenna 
to the receiver, this method of 
coupling permits the entire antenna 
system to be maintained at d -c 
ground potential, which is a de- 
cided advantage, considering pro- 
tection from minor lightning dis- 
charges adjacent to the antenna as 
well as the reduction of interfer- 
ence from rain -static. 

The transmission line from the 
antenna is connected to the input 
stage of the receiver through a 
slider on the r -f stage grid induc- 
tance. 

Power, Emergency Gear 

As we must necessarily generate 
all of the power used at Clingman's 
Peak, one of the most important 
items of equipment at that point is 
a generating plant. This power 
plant consists of three 110 -hp Cat- 
erpillar diesel-electric sets with 
220-v, three-phase generating ca- 
pacity of 75 -kw each. A power -con- 
trol switchboard especially de- 
signed for the purpose provides 
means of starting and controlling 
the generators from the transmit- 
ter room and includes a synchro- 
scope which makes it possible to 
adjust the machines accurately to 
proper speed before connection is 
made to the main bus. 

An emergency studio is main- 
tained at Clingman's Peak so that 
transcriptions may be played from 
the mountain station itself in the 
event that the STL fails. This 
studio is also used for communi- 
cations between Clingman's Peak 
and Winston-Salem for purposes of 
equipment adjustment. 

STL Performance 

We have kept complete hourly 
records of signal strength at the 
receiving point for more than a 
year. The signal has been surpris- 
ingly consistent. 

The one phenomenon which gives 
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Graphs showing signal received at Clingman's Peak from the 25 -watt, 337 -Mc 
t -m relay transmitter W4XGG at the Winston-Salem studios. Readings were 

all taken in 1943. Limiter -grid current of 0.5 ma indicates 100 µv input 

trouble occasionally is very rapid 
and severe tropospheric fading. 
These fades are infrequent, but are 
generally so severe when they do 
occur that use of the STL must be 
discontinued for a short time. As 
a matter of record, we have had 
six sharp fades of this type during 
the past seven months, causing a 
loss of air time of approximately 
three hours in that period. 

We have been unable to notice 
any characteristic of weather con- 
ditions that occurs coincidentally 
with the fading, other than the ef- 
fect of layers of billowy clouds in 
the path of the signal. The effect of 
such clouds is not necessarily di- 
rect, from what information we 
have gathered. Fading is appar- 
ently dui' to some condition of 
humidity or temperature in the air 
surrounding or immediately adja- 

cent to the cloud layer. With cloud 
banks low and in the transmission 
path, the signal may fade. With 
clouds at a higher level, an ex- 
ceptionally strong signal rather 
than a fade is often noticed. 

It has been noted that when the 
path between Winston-Salem and 
Clingman's Peak contains rain or 
dense clouds over most of its length 
the signal received is unusually 
strong, but dense fog or clouds at 
one end of the circuit only, causes 
no apparent change in signal. 

The STL equipment described 
has been operating very nicely as 
far as freedom from failure is con- 
cerned. Both the transmitter and 
receiver have been giving consist- 
ent service with no more than the 
usual care and maintenance which 
would be given to conventional 
broadcast apparatus. 
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Graphs showing effect of tropospheric fading on two occasions during 1943. 
Eastern War Time is indicated. Dotted lines indicate limiter -grid no -signal 

current 
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R -F Heating for Fabricating 
WOOD AIRCRAFT 

Discussion of future possibilities in application of electronic heating to manufacture of 

curved or molded wood parts for aircraft and for the furniture and cabinet-making 

industries, and description of r -f heating setup used in making wood fuselage rings 

RADIO -FREQUENCY heating can 
be used to speed the produc- 

tion-and may eventually be used 
to reduce the cost-of many kinds 
of wood aircraft parts. Such parts, 
whether of the laminated or the 

'plywood type, consist essentially of 
a multiplicity of wood layers joined 
by an adhesive. The best adhesives 
are of the resin type. The time re- 
quired for curing or setting these 
adhesives depends on the temper- 
ature. The better adhesives usually 
require eight hours or more to set 
at room temperature (80 deg F), 
whereas they will set in a few min- 
utes at higher temperatures (180 
deg F to 280 deg F, depending on 
the type). Some of the phenol -resin 
adhesives which are particularly 
desirable because of their moisture - 
proof qualities can be set only at 
elevated temperatures. Radio -fre- 
quency heating has been found to 
be one of the most satisfactory 
means of producing these temper- 
atures. 

At the present time r -f heating 

By JOHN P. TAYLOR 
RCA Victor Division 

Radio Corporation of America 
Camden, N. J. 

is being used quite extensively in 
the production of flat laminated 
stock from which certain aircraft 
parts such as spars are made. This 
application was described in detail 
in the January issue of ELECTRON- 

ICS.' It is also being used to some 
extent in the production of thick 
plywood from which other parts 
such as nose rings are carved, as 
shown in Fig. 1. By comparison, 

FIG. 1-Curved wood aircraft parts such 
as nose rings are formed by sawing the 
required shapes from a thick slab of ply- 

wood as shown. 

r -f heating is presently being used 
only to a very limited extent in the 
production of curved or formed 
parts. This is not because the ex- 
ploratory work has not been done- 
nor because equal advantages are 
not obtainable. A very considerable 
amount of experimental work in 
the application of r -f heating to 
curved forms has been done-and 
the results have been such as to 
justify the prediction of eventual 
widespread use. Why, then, the ap- 
parent reluctance in the adoption 
of the process? The answer is to 
be found in the relatively difficult 
application problems met with and 
the relation of these problems to 
the quantities of parts involved. 

Quantities Needed Are Limited 

The application of r -f heating to 
the production of flat laminated 
stock such as spars is relatively 
easy. Generally the available presses 
or clamps can be used as is. The 
electrodes can be flat sheets of 
metal, sometimes the press plates 

Reinforcing 
block 

Lumber 
core 

veneers 

---,SOW slots 

FIG. 2-Corner of a table model radio set 
made by the process of slotting, steaming 

and bending as now used 

3p/ies /B -in. veneer_` 

FIG. 3-Curved plywood section which 
could be used in place of the corner piece 
shown in Fig. 2. Such a section would be 
stronger. lighter, and, if made with r -f 

heating, cheaper than the solid piece 

Glue /ices 

I ` 
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The Fairchild AT -21 Gunnery Crew Trainer, a "plastic plywood"' plane of the type referred to in this article. The only metal 

used in its construction is in the engines, the engine supports, instruments and certain other equipment, supports and controls 

themselves. Moreover, the same 
press setup can be used for a wide 
variety of sizes and types of parts. 
Thus, in making flat stock we have 
a situation where (a) the applica- 
tion problems are simple and (b) 
the quantities to be manufactured 
are considerable. 

On the other hand, consider the 
problem with relation to curved or 
formed parts. Except in the simp- 
lest cases, the application work 
may involve quite unusual prob- 
lems-problems which at the pres- 
ent time must be solved mostly 
by experimental methods. Such 
work might easily be justified if 
the quantities to be produced were 
considerable. At present they are 
not. Each different curved form, 
as a rule, requires a separate fix- 
ture or jig, so that there is an ap- 
plication problem for each part. 
And, of course, the quantity of 
that part to be manufactured is 
only as great as the number of 
planes of that type to be produced. 

The largest program for all - 
wood planes envisaged a peak pro- 
duction of the order of a dozen 
planes a day. The total production 
of any one model probably will not 
exceed a few thousand. That may 
sound like a large number of air- 
planes-and it is. But a few 
thousand parts of a relatively in- 
expensive item obviously do not 
justify a large expenditure of time 

or money in devising fixtures for 
quantity production. 

Future of Wood Aircraft 

The above is the situation at 
present. It probably is not repre- 
sentative of the conditions to be 
met in the future. At the present 
time laminated wood parts are be- 
ing used not only in all -wood planes 
of the trainer and transport types 
but also in particularly chosen 
places in planes which are other- 
wise of all -metal or metal -and - 
f abric construction. 

The all -wood plane-at least in 
its present resurgence-is dis- 
tinctly a war phenomenon, a 
stratagem employed to circumvent 
not only the metal shortage but also 
the bottleneck in metal fabricating 
plants. As such, its post-war status 
is decidedly uncertain. 

Most design engineers feel that 
planes of the future will not be all - 
metal, all -wood, or all -plastic; 
rather, that they will employ each 
material where it is best suited. 
In such a competition wood will 
have the advantage of low first 
cost. (Plastics are more expensive 
than most people realize.) It will 
also have certain other advantages, 
such as a stiffness -to -weight ratio 
which is unapproached by any of 
the metals and a tensile strength - 
to -weight ratio unequalled by any 
of the present plastics. 

At the same time, wood will have 
several disadvantages. One of these 
is the lack of uniform characteris- 
tics-a big drawback where struc- 
tural parts are concerned. This can 
be overcome to a very considerable 
degree by the intelligent use of 
laminated and plywood construc- 
tions. It is obvious, for instance, 
that any multi -element construc- 
tion tends to average out small in- 
consistencies. Similarly, the differ- 
ence between tensile strength with 
the grain and tensile strength 
across the grain may be compen- 
sated for by a plywood construc- 
tion in which alternate layers have 
the grain direction at right angles. 

It is possible and not unusual to 
go a step further and obtain spe- 
cial characteristics. Thus, where a 
given part must have the most 
strength in one direction, an ad- 
vantage can be gained by the use 
of a laminated construction in 
which the grain is parallel in all 
layers. This is done in the fuse- 
lage ring described below. The ul- 
timate step in this material "tailor- 
ing" is, of course, the selection of 
species in order to obtain various 
qualities of hardness, stiffness and 
tensile strength as required. The 
framework of PT boats is a lamin- 
ated member in which three differ- 
ent woods are used to obtain spe- 
cific qualities. 

The biggest disadvantage in the 
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use of wood, however, is the fact 
that the centuries -old wood indus- 
try has never adopted or developed 
the quantity -production methods of 
the relatively newer metal indus- 
try, and it even suffers by compari- 
son with the infant plastics indus- 
try. Furniture is still made to a 
considerable degree in the way 
Hepplewhite made it. Such archaic 
devices as hand -clamps and glue 
wheels are still found in practically 
every plant. 

If the wood industry is to com- 
pete with metals and plastics in the 
border zone where one or more of 
these materials might serve equally 
well, it must obviously adopt quan- 
tity -production methods. Radio - 
frequency heating is one of the 
most promising adjuncts of such 
methods. 

Furniture and Cabinet Making 

If the manufacture of aircraft 
parts represented the only reason 
for the adoption of r -f heating and 
other production methods by the 
wood industry, the future would 
not be encouraging. Fortunately, 
aircraft manufacture is not the 
only likely outlet for formed wood 
components. It is, in fact, one of 
the smallest. Curved parts play an 

FIG. 4-Some aircraft parts made by the use of r -f heating. Left to right: 
curved -laminated stock for fuselage reinforcing; wing rib web; bomber door; 

sections of fuselage ring 

important part in the construction 
of all kinds of furniture. In some 
of these they are, in themselves, a 
small part, and yet they represent 
the bottleneck in manufacture. 

A typical example is the ir esent- 
day radio cabinet. Most cabinets, 
table as well as console, have 
rounded front corners-the rea- 
sons being practical as well as 

esthetic. In many of these, par- 
ticularly table models, the corner 
pieces are formed by slotting one 
side, then steaming and bending, 
as shown in Fig. 2, after which the 
piece may be strengthened by rein- 
forcing blocks in back. Such a con- 
struction is time-consuming and 
expensive. 

A curved -laminated member made 

FIG. 5 (left)-Sketch showing makeup of the fuselage ring section 
shown in Fig. 4. A wide piece of curved -laminated board (a) 
is formed, and sections (b) are then sawed to required width 

FIG. 6 (below)-Four sections as shown in Fig. 5 are scarf - 
jointed to form a complete fuselage ring. In this illustration the 
thickness of sections is exaggerated to show method of joining 

\eerJ LalTinateÓ sections 
five ` 
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as shown in Fig. 3 would have 
greater strength, would be lighter 
and, once the fixtures were devel- 
oped, would be cheaper to make. 
Since these parts are made in tens 
or even hundreds of thousands, the 
work necessary to develop a pro- 
duction setup would be amply justi- 
fied. Several radio cabinet manu- 
facturers have already investigated 
this field. 

Similar problems, even more im- 
portant from a cost standpoint, are 
met with in piano manufacture (for 
example, the manufacture of rims 
for grand pianos). At the present 
time at least four large piano com- 
panies are using r -f heating in 
the production of wood aircraft 
parts. Two of these companies ex- 
perimented with r -f before the war. 
That they will be actively using r -f 
after the war seems certain. 

Thus, although the present use 
of r -f heating in the manufacture 
of curved -laminated parts for wood 
aircraft is not in itself a very big 
or important application, it is, 
nevertheless, of considerable inter- 
est for the light it throws on the 
future of r -f heating in the wood 
field. Moreover, while the quanti- 
ties involved in aircraft production 
are not comparable with what may 
be expected in the post-war period, 
the other problems met with are, 
in general, similar. For this reason 
the work done to date, although 
very limited in scope, should be of 
interest. 

"Laminated" and "Molded" Construc- 
tions 

The aircraft parts normally 
made of multiple wood layers di- 
vide roughly into two types. One 
of these includes the curved -lami- 
nated members which form struc- 
tural parts such as bulkhead rings, 
nose rings, wing tip bows, gas tank 
supports and wing rib caps. Usually 
these members require greatest 
strength in one direction and for 
that reason they are made up of a 
number of layers of wood with the 
grain in all layers running in the 
same direction. 

The other type includes the vari- 
ous kinds of "skins" or coverings 
which form the surfaces of fuse- 
lages, wings, empennages and ail- 
erons. In these members uniform 
strength in all directions is desir- 
able, particularly in monocoque or 

semi -monocoque constructions, and 
for that reason these are usually 
made of from three to nine layers 
of thin veneer, with alternate lay- 
ers of veneer having the grain at 
right angles. From the manner in 
which these are formed they are 
usually called "molded" parts. 

Present Laminating Process 

Of the afore -mentioned two types 
of parts, the curved -laminated 
members are the simplest to manu - 

Since the fuselage tapers some- 
what, the rings are of different size 
and shape at each station. Thus a 
different set of forms is required 
for each piece. 

A set of forms of the type used 
in making these rings is shown in 
Fig. 7. Although each ring is only 
1 inches wide, it is usual to make 
use of forms which allow a lamin- 
ated piece about 20 inches wide to 
be made. From this wide piece in- 
dividual pieces of the required 

FIG. 7-Arrangement of male and female forms for making the laminated 
section shown in Fig. 5. Pressure is applied by means of a large number of 
hand -clamps. Radio -frequency heating is applied by utilizing the steel face 

plates of the forms as electrodes 

facture arid the equipment pres- 
ently used is the most readily adap- 
ted to the use of r -f heating. The 
fuselage ring, of which two sec- 
tions are shown in Fig. 4, will serve 
as an illustration of the way in 
which parts of this type are pres- 
ently made and the several means 
by which r -f heating has been ex- 
perimentally adapted to the proc- 
ess. This ring section is made up of 
five layers of ¡-inch veneer, as 
shown in Fig. 5. After these sec- 
tions have been formed as de- 
scribed below, they are scarf -jointed 
together as shown in Fig. 6, to 
make up a complete ring. In a 
wood transport plane such rings 
are placed every two feet or so 
along the length of the fuselage. 

width are sawed. The male and fe- 
male forms used for this purpose 
are made of wood built up to the 
necessary dimensions and care- 
fully finished to shape. The inner 
faces of the forms, that is, those 
next to the veneer, are covered with 
2e -inch steel sheet. 

With the present cold -gluing 
method the veneers on which the 
glue has been previously spread are 
placed between these forms, a series 
of hand -clamps applied as indicated 
in Fig. 7,' and the whole assembly 
allowed to stand at room temper- 
ature for eight to ten hours. By 
this lengthy process the relatively 
small quantity of these sections 
presently required can be made 
without too much - difficulty. It is 
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FIG. 8-Photograph of the male and female forms used to 
make fuselage ring section, with r -f connections in place 

obvious, however, that if produc- 
tion in the hundreds per day were 
required, the number of forms ani 
the floor space required would be 
prohibitive.. 

Applying R -F Heating to Laminating 
Process 

In order to determine the pos- 
sibilities, r -f heating was experi- 
mentally applied to the setup de- 
scribed above by the simple expedi- 
ent of utilizing the steel faces of 
the forms as electrodes. In order 
to insure even current distribution 
a copper strip was run the full 
length of the side of each face 
sheet. The forms so equipped are 
shown in the open position in Fig. 
8 and, in Fig. 9, with the load in 
place. The electrodes were fed by 
a short transmission line which 
may be seen in the foreground. 

The selection of a suitable fre- 
quency for r -f heating involves con- 
sideration of a number of factors, 
as has been previously pointed 
out." In the setup described here 
the spacing between electrodes was 
small (# inch) . Moreover, glue 
which was squeezed out when pres- 
sure was applied tended to run 
down over the laminations. Under 
such conditions the likelihood of 
voltage flashover was considerable 
and for this reason the use of a 
relatively high frequency seemed 
desirable. On the other hand, the 
capacitance formed by the load 
placed between the closely spaced 
plates was such that an upper. limit 
of frequency was set by the neces- 
sity of having some means of tun- 

le 

FIG. 9-The forms shown in Fig. 8 with the load in place. 
Eight sets of hand -clamps are used to obtain pressure 

ing the load. As a practical cor- 
promiae a frequency of 8 Mc was 
determined upon. 

The method of feeding power to 
the load is shown in Fig. 10. Paral- 
lel tuning of the load was required 
since the shortest oscillator -to -load 
leads which could have been ar- 
ranged would still have had too 
much inductance to tune the load at 
8 Mc-or at any frequency at 
which flashover would not occur. 

The parallel inductarce used con- 
sisted of a stub formed by 6 -foot 
lengths of 1 inch copper pipe 
spaced about 8 inches apart and 
provided with a heavy copper short- 
ing bar. The near end of this tun- 
ing stub can be seen at the right 
in Fig. 8. Originally the shorting 
bar was moved by hand; later a 
motor -driven bar, controlled by 
pushbuttons, was built up. With an 
arrangement of this kind a consid- 
erable range of loads can be tuned 

Transmission line 
to oscillator 

without any change in the tuning 
or coupling circuits of the oscil- 
lator. 

Results Obtained 

With the arrangement as de- 
scribed above, very quick and satis- 
factory heating of the laminated 
piece was obtained. A temperature 
of 235 deg-enough to set the glue 
almost instantaneously-could be 
attained in about 24 minutes, using 
a power of 8 kw (oscillator output). 

When the forms were accurately 
shaped, and providing they were 
carefully centered so that adequate 
and uniform pressure was secured 
over the whole area, the glue joints 
made by this method had very good 
strength characteristics. However, 
considerable difficulty was en- 
countered in obtaining consistent 
results because of nonuniform pres- 
sure. Wood -workers do not or- 
dinarily work to the close toler- 

Copper ships 
along side edges 
oFste% plates 

stub 

Shorting bar' 
',,Copper strap 

Connections 

Fig. 10-Schematic illustration of the r -f connections used to feed the forms 
shown in Fig. 8 and Fig. 9. A tuning stub is used to parallel tune the load 
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ances followed in making metal 
dies. It was found that forms of 
the type described here were sel- 
dom accurate to closer than ±s 
inch and that tolerances of ie inch 
were not unusual. 

It is obvious that if the differ- 
ences were in such direction as to 
make the space between the forms 
vary from, say, i# inch at some 
points to t inch at other points, 
then the corresponding differences 
in pressure would be very large- 
in some instances such that there 
would be no pressure at some points 
and actual voids would occur. 

In cold -gluing, some difference 
of pressure can be tolerated since 
cold -setting glues-for instance, the 
casein types-act something like 
a cement and tend to fill up spaces. 
Hot -setting resin adhesives, how- 
ever, contract somewhat on setting, 
which means that good adhesion 
will not be obtained unless the sur- 
faces are held in intimate contact 
by application of sufficient pres- 
sure. 

A series of further tests which 

,.Bag vp/ve 

, Steel plate !! /AA 9A - 

Top electrode_,__ 
(thin copper) -.. 
Five /a" plies - 

Bottom Electrode 
(Steel Plate) 

have been made indicates that this 
method-i.e., using rigid male and 
female forms-is satisfactory pro- 
vided the size of the piece is not 
large and the curvature not too 
great. The actual limits will de- 
pend on the accuracy of the forms 
and the means provided to insure 
that they close correctly. With re- 
spect to the latter, it can probably 
be assumed that in a quantity pro- 
duction set-up a hydraulic press 
would be used and that by rigidly 
attaching the male and female 
forms to the press platens accurate 
closure could be insured. Where 
the quantity justifies, it would be 
worthwhile to consider metal dies, 
one of which, of course, would have 
to be insulated. 

" . 

Use of a Flexible Electrode 

A means of getting around the 
biggest difficulty with the above 
method is to make use of only one 
fixed form, either male or female, 
and to apply the pressure to the 
other side of the piece by some ar- 
rangement intended to give a flex - 

Recessed cavity 
-2 deep 

Five j/a"p/ies--- 

Rubber bag 
A 

. . 

/j 
, . 

-%. 

Cavity Bag 

// // , 

, .. 

Connections to /R -F equipment 

Çopper strip 
length of form 

Section Through A -A 

Fig. 11-Sketch of the arrangement used to obtain "flexible" pressure on one 
side of the laminated assembly. A rubber bag which occupies a cavity in the 
upper form is inflated to 75 psi after the clamps are applied. Using a thin 
copper sheet for the upper electrode gives an approximation of "fluid" pressure 

ible pressure somewhat akin to the 
"fluid pressure" attained in bag 
molding. One way of doing this is 
illustrated in Fig. 11. The male 
form as described above was hol- 
lowed out as shown and a heavy 
rubber bag made up to fit the cav- 
ity. With this in place (and in- 
flated at low pressure) the load was 
inserted and the clamps placed on 
the forms as before. The bag was 
then inflated to a pressure of 75 
pounds. Since the top electrode 
used in this case was a copper sheet 
thin enough to flex easily, the re- 
sult was to provide a very nearly 
uniform pressure over the whole 
piece regardless of the curvature. 
With this setup the results were 
more uniform from the pressure 
standpoint. The arrangement, how- 
ever, is more complicated to design 
and can be expected to give trouble 
with bursting bags unless the latter 
are designed and made exactly. 

Other Means of Obtaining "Flexible" 
Pressure 

Another means of applying a 
more or less flexible pressure to one 
side of the laminated piece has re- 
cently been described by Bilhuber 
and Godfrey.' The arrangement 
they have successfully employed en- 
tails the use of a single rigid form 
-in this instance, the male form. 
The veneers to make up the lamin- 
ated piece are pressed tightly 
against this form by means of a 
large number of clamping devices. 
These are spaced along the form at 
close intervals so that the stiffness 
of the veneers themselves suffices 
to provide a reasonably uniform 
distribution of pressure. 

In general, it has been the ex- 
perience of the wood industry that 
some method of flexible pressure is 
required when hot -setting glue is 
used in making curved parts for 
critical uses such as aircraft parts. 
There are a number of ways of ob- 
taining flexible pressure in addi- 
tion to the two mentioned above. 
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VHF Behavior of 
Measurements of power factor and apparent capacitance for several makes of capacitors, 
sockets, tubes, and concentric cables over a frequency range of 27.5 to 200 Mc, using a 

high -frequency Q -meter. Apparent capacitance increases greatly as leads are lengthened 

USE of higher and higher radio 
frequencies in military and 

scientific applications has vastly in- 
creased the field in which a knowl- 
edge of the electrical characteris- 
tics of the component parts is of 
prime importance and of consider- 
able interest. It is well known, for 
example, that a component, such as 
a capacitor with necessary con- 
necting leads, may be considered 
at one megacycle as a capacitance 

uisite was to get results quickly. 
The enormous demand for all types 
and grades of components has com- 
pelled the designer or engineer to 
accept such parts as were finally 
made available to him. After long 
delays in obtaining parts he was 
not inclined to question whether 
the components provided would 
best meet requirements for the 
particular frequencies involved. 

A technician might be assigned 

TABLE I. DOUBLE PLUGS 

Double 

Plug 
No. Description 

Power Factor in Percent at Freq. in Mc 

1 Exposed terminals, black 
molded phenolic resin 

2 Enclosed terminals, black 
molded phenolic resin 

3 Enclosed terminals, orange 
molded low -loss 

4 Enclosed terminals, choco- 

late molded polystyrene 
5 Enclosed terminals, yellow 

molded phenolic resin 
6 Exposed terminals,trans- 

parent methacrylate resin 

27.5 50 75 100 125 160 180 220 

4.61 2.92 2.98 2.98 2.54 2.85 3.07 3.02 

5.00 4.15 4.16 3.86 4.71 4.90 5.18 4.86 

0.94 0.84 0.82 0.76 0.91 1.21 1.25 1.16 

0.11 0.12 0.19 0.27 0.12 0.45 0.49 0.50 

1.38 1.00 1.12 1.11 0.64 1.30 1.43 1.68 

1.00 0.66 0.44 1.13 0.47 0.59 0.90 0.96 

only. At frequencies 50 to 200 times 
higher, the capacitance appears to 
increase because of the inductance 
of the capacitor' and leads. Power 
losses also may become excessive. 
Therefore, it becomes impossible to 
predict results accurately in an 
ultrahigh -frequency circuit in 
which this device is used. Compo- 
nents for use at very high radio 
frequencies are therefore made 
with as small dimensions as possi- 
ble. The best insulation should be 
employed at these frequencies. 

It is likely that considerable ex- 
perimental and development work 
of the past few years has been ac- 
complished without much thought 
as to whether the given radio com- 
ponents yielded the maximum per- 
formance possible. The chief req- 

a specific project involving the de- 
sign of apparatus to operate at 150 
Mc, for example. The design would 
involve some tubes, sockets, capaci- 
tors, coils, etc. Use of the first com- 
ponents at hand might result in 
very poor operation of the device 
and consequent delay of an impor- 
tant project, because components 
unsuitable for this frequency were 
used. The technician constructing 
the device saw only tubes, sockets, 
and capacitors, but the radio fre- 
quencies within the circuits found 
tubes, sockets, and capacitors all 
with relatively low -impedance paths 
across them, wherein much of the 
r -f energy was wasted, before a 
small amount arrived at the output 
terminals for useful work. If a 
much lower frequency had been se- 

lected, with appropriate changes in 
L and C values, the device probably 
would have operated satisfactorily 
with those components. 

VHF Measuring Technique Used 

It was with some such ideas as 
given above that a number of meas- 
urements were made on several 
types of components to determine 
their comparative suitability for 
use at frequencies from 27.5 to 200 
Mc. These measurements were 
made with a type 170-A Boonton 
Q-meter.2 This instrument gives a 
measurement of voltage at reso- 
nance across a variable capacitor 
before the unknown component is 
connected and again after it is con- 
nected in the circuit. Readings of 
Q -meter voltage and tuning capaci- 
tance are taken for both conditions, 
from which other characteristics 
can be calculated. The power fac- 
tor in percent was calculated from 
the following: 

Percent power factor - 
(C, - C2) QI Q2 

100 CI (Qs - Qs) 
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FIG. 1 -Curves showing how power factor 
and apparent capacitance change with fre- 
quency for four of the small capacitors for 

which VHF data is given in Table II 
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Radio Components 
By E. L. HALL 

Radio Engineer 
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Washington, D. C. 

where C1 and Q. are capacitance 
and Q readings at resonance before 
adding the capacitor to be tested, 
and C2 and Q2 are capacitance and 
Q readings at resonance after add- 
ing the capacitor to be tested. The 
values of C were read directly in 
micromicrofarads, and the values 
of Q were read from two vacuum - 
tube voltmeters. 

While the results presented be- 
low were usually made on only one 
of a make of component, the varia- 
tion in results among the various 
units is such as to emphasize the 
need for knowledge of the electrical 
characteristics of components to 
be used at very high frequencies. 
These measurements were all made 
at room temperature. Change of 
characteristics of components with 
temperature and humidity and for 
frequencies above 200 Mc were not 
determined. That such information 
has been available to some design - 
ers of communications equipment 
for our own armed forces and those 

Q -meter used in VHF investigations of radio components covered in this article 

of the enemy is not doubted. Such 
knowledge permits the selection of 
components suited to the particu- 
lar conditions of service, and thus 
insures satisfactory operation, or 
reveals limitations to be expected. 

The type 170-A Q -meter is par- 
ticularly useful in measurements 
involving small capacitances up to 
25 µµf, although not limited to this 
range. It therefore lends itself to 
measurements wherein the capaci- 
tance is small. 

TABLE II. 10-µµf CAPACITORS 

To determine relative losses in 
several kinds of insulating mate- 
rials, measurements were made on 
a number of double plugs of the 
kind supplied by General Radio Co. 
for connecting circuits and appa- 
ratus. The power factor was calcu- 
lated and is given in Table I. 

Twelve 10-µµf Capacitors 

Power factor measurements were 
made at six frequencies upon 
twelve varieties of 10-µµf capaci- 

Capacitor 
No. Description 

Power Factor in Percent at Freq. in Mc Apparent Capacitance In Nt at Freq. in Mc 

27.5 45 50 75 100 150 200 27.5 45 50 75 100 150 200 

1A' Mica midget capacitor molded in brown 1.64 1.61 .... 1.65 1.77 2.12 4.09 8.6 8.6 8.5 8.8 9.1 9.0 
Bakelite 

2B Mica midget capacitor molded in brown 0.50 .... 0.48 0.47 0.56 0.69 0.98 11.0 10.8 11.0 11.2 12.0 11.6 
Bakelite 

3B Silver mica midget capacitor molded in 
low -loss red Bakelite 

0.07 0.10 .... 0.17 0.24 0.61 1.13 8.8 9.8 10.1 10.6 11.7 14.1 

4C Silver mica midget capacitor molded in 
low -foes red Bakelite 

0.06 .... 0.05 0.12 0.14 0.25 0.45 9.9 9.3 9.4 9.5 10.0 9 7 

50 Mica midget capacitor molded in brown 1.09 .... 1.13 1.03 1.15 1.40 1.92 9.0 .. 8.5 9.0 8.9 9.7 9.8 
Bakelite 

6E Mica midget capacitor molded in yellow 0.57 0.71 .... 1.08 1.40 2.79 .... 9.2 9.0 .... 9.3 9.7 10.2 .... 
Bakelite 

7F Zero temperature coefficient tubular 
ceramic capacitor 

0.04 0.05 .... 0.06 0.07 0.11 0.10 9.7 9.6 .. 9.8 9.7 9.7 9.1 

8F Negative temperature coefficient tubular 
ceramic capacitor 

0.00 .... 0.00 0.01 0.01 0.03 0.00 9.2 9.5 9.6 9.3 9.4 8.6 

9 Trimmer capacitor, mica on bakelite 
base (old design) 

0.86 .... 0.86 0.83 0.88 0.98 1.16 9.8 .. 9.5 9.5 9.7 9.9 9.1 

10 Trimmer capacitor, mica on ceramic 
base 

0.04 .... 0.04 0.08 0.09 0.15 0.21 9,0 .. 9.0 9.1 9.5 9.5 9.1 

11F Trimmer capacitor, ceramic 0.54 0.59 .... 0.85 1.03 2.14 3.56 10.0 9.4 .... 9.8 10.0 10.8 11.9 
12G Variable air capacitor, ceramic insulation 0.02 .... 0.02 0.07 0.09 0.23 0.40 10.4 ... 10.5 10.9 11.1 12.4 13.9 

Letters represent manufacturers. Capacitors IA, 26, 38, 5D and 6E are of same physical dimensions and 4C is Y/s inch longer than these. 
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TABLE III. 25-µµf MICA 
CAPACITORS TABLE IV. 25-µµf CAPACITOR WITH VARIOUS LEAD LENGTHS 

Small Capacitor Large Capacitor 

Freq. 
in Mc 

C in 
put 

% change 
in C 

Cin 
µµf 

% change 
in C 

27.5 24.9 0 24.8 0 

50 25.0 0.4 25.6 3.2 
75 25.7 3.2 27.7 11.7 
90 32.8 32.2 

103 26.4 6.0 
115 .... 45.5 83.5 
125 30.5 22.5 

180 45.5 82.7 

tors. Considerable change was 
noted in apparent capacitance. Ta- 
bles of power factor and apparent 
capacitance values are given in Ta- 
ble II, and corresponding curves 
for four of the capacitors are shown 
in Fig. 1. It will be noted from the 
table of power factors that the 
curve for the No. 4 silver -mica 
midget capacitor, if shown, would 
be similar to the curve for No. 12, 
the variable air capacitor with ce- 
ramic insulation; also that the No. 
4 silver -mica capacitor has about 
half the loss of No. 3, a silver -mica 
capacitor of another make. 

25-µµf Mica Capacitors 

The importance of keeping all 
components for use at ultrahigh 
frequencies physically as small as 
possible and keeping connecting 
wires as short as possible will be 
shown in the following data. Two 
25-µµf mica capacitors were se - 

Percent Change in Capacitance for Various Lead Lengths 

Test Freq. 

in Mc 0.8cm 1em 2cm 3cm 5cm 8cm 11.6cm 

27.5 o 0 1.2 3.2 6.8 12.8 18.9 

50 0.4 1.2 4.8 9.6 19.6 41.0 81.1 

56 22.5 53.0 91.5 

75 3.2 5.2 12.0 25.6 69.0 100+ 100+ 

103 6.0 14.0 40.5 93.2 

125 22.5 44.6 

180 82.7 

Plotted (Fig. 2) in Curve A B C D E F G 

lected. One was a midget type about 
-a inch long not counting leads and 
the other was 1f inches long. The 
Q -meter was used in the measure- 
ments, with leads on the capacitors 
as short as possible. The apparent 
capacitance was measured at fre- 
quencies from 27.5 Mc to as high a 
frequency as could readily be ob- 
tained. The larger capacitor re- 
quired longer leads than the smaller 
in order to fasten on to the binding 
posts of the Q -meter. Taking the 
capacitance at 27.5 Mc as a basis, 
the percent change in capacitance 
was calculated for the different fre- 
quencies for the two capacitors, and 
the results are given in Table III. 
Curves A and H in Fig. 2 are 
plotted from this data, and show 
that the apparent capacitance of 
the small capacitor was about 6 

percent larger at 100 Mc, while the 
large capacitor was 50 percent 
higher in apparent capacitance. 

I00 
G 

11.6 

i 
I 

D 

3cm 
cm / 

/ 
H 

25,a,uf 
A 

Q6cm_..."'' c -e 60 

^! 

/ F 

Bcm 
(large) 25,4uf 

(sma//)- 
2. á / E 

5un 60 

m 

a 0 
B 

S 40 

c v 
e 

n°' 20 

- ..01111....1w- 

0 50 100 150 

Fteq. in Mc 
200 

FIG. 2 -Percent changes in apparent capacitance with frequency for a midget 
254µ4f capacitor (A) and a 25-µµf unit with physical dimensions twice as large 
(B). These curves are based on data in Table III. Curves A to G show per- 
cent changes in apparent car1citance with frequency for a 254µµf midge 

capacitor used with leads from 0.6 to 11.6 cm long, as given in Table IV 

In the following tests the small 
25-µµf mica capacitor of the prev- 
ious test was provided with two 
leads 11.6 cm long. These leads were 
much longer than would probably 
ever be employed at the frequencies 
used in the test, but it was desired 
to exaggerate the effect produced. 
The apparent capacitance was 
measured for several frequencies 
for a number of leads of different 
lengths, down to the minimum 

103 Mc 

80 

ao 

5 c 

FIG. 3 -Curves for four frequencies of 

Table IV, showing percent change in ap- 
parent capacitance for different capacitbr 

length leads 

length required to connect to the 
terminals of the Q -meter. The per- 
cent change in apparent capaci- 
tance, based on the capacitance 
with minimum -length leads at 27.5 
Mc, is given for the different leads 
in Table IV and in curves A to G 

in Fig. 2. 
The measured values of Table IV 

are plotted in Fig. 3 to show the 
percent change in apparent capaci- 
tance with leads of different lengths 
at four frequencies from 27.5 to 
103 Mc. It will be evident from 
Fig. 2 and 3 that if the apparent 
or effective capacitance of a capac- 
itor is to remain within, say, 10 
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TABLE V. TUBE SOCKETS 

Socket 
No. Description of Socket 

Percent Power Factor at Freq. in Mc Capacitance in µµf at Freq. in Mc 

27.5 35 60 75 100 150 200 27.5 35 60 75 100 150 200 

1 Black molded miniature 3.6 3.4 3.2 3.1 3.1 3.7 4.0 3.0 3.0 3.0 3.0 2.9 2.7 2.8 

2 Miniature wafer; mica -filled insulation 0.25 0.26 0.24 0.22 0.22 0.15 0.22 1.9 1.9 1.9 1.9 1.8 1.7 1.8 

3 Miniature molded; clear polystyrene .... .... .... .... .... .... .... 2.7 2.6 2.2 2.2 2.4 2.3 2.4 

4 Five -prong ceramic 0.87 .... 0.84 0.72 0.74 .... .... 1.6 ... 1.2 1.3 1.4 ... ... 

5 FSve-prong ceramic 0.29 . 0.70 0.55 0.76 .... .... 1.0 ... 0.9 0.7 0.7 

percent of its low -frequency value, 
connecting leads must be short or 
the capacitor must be used at lower 
frequencies. These curves explain 
why calculations involving induc- 
tance and capacitance at ultrahigh 
frequencies often fail to check ex- 
perimental data. 

Tubes and Sockets 

Power -factor measurements were 
made on three miniature sockets at 
seven frequencies and on two ceram- 
ic sockets at four frequencies, us- 
ing the Q -meter. The measurements 
on a polystyrene socket gave an 
apparent zero power factor because 
this material was used in the con- 
struction of the Q -meter capacitor. 
The results on the other sockets are 
given in Table V. For sockets 1, 2 

and 3 the seven contacts were con- 
nected together to form one ter- 
minal of the test capacitor, and the 
center metal sleeve formed the 
other terminal. For sockets 4 and 
5, the grid terminal and the adja- 
cent heater terminals were used. 

Since considerable variation was 
found in the losses in small capaci- 
tors and sockets of different types, 

it was decided to make similar 
measurements on several types of 
vacuum tubes. Black phenolic com- 
pound has been long known to have 
higher losses than some other ma- 
terials, yet it has been employed 
for the base of many types of vac- 
uum tubes. It has been custom- 
ary to remove the base of tubes 
used in some high -frequency appli- 
cations, or bring out the r -f ter- 
minals through the glass away from 
the phenolic base, but nevertheless 
some tubes are employed at fairly 
high frequencies where such ex- 
pedients are neglected. 

Table VI gives power factor and 
capacitance for a number of types 
of tubes, measured between grid 
and cathode with the Q -meter. Fig- 
ure 4 gives curves of power factor 
and apparent capacitance for six 
of the tubes listed in Table VI. All 
tubes but the type 9003 and 3A5 
were measured without a socket. 
The polystyrene socket previously 
mentioned was used in the tests on 
these two tubes. 

The first five tubes in Table VI 
presumably have a base made of the 
same black molded material. There 

TABLE VI. VACUUM TUBES 

may, however, be a difference in 
the glass used in the seal, or in the 
coating or deposit within the tube, 
which would account for the rather 
large differences in the results on 

these tubes. 
Tube 807(M) used a yellow 

molded material called "Micanol" 
for the base. Tube 807(C) had a 
ceramic base. The glass of the 954 
tube was the only solid dielectric 
involved in the measurements on 
this tube as it had no phenolic base 
and connections were made directly 
to the tube terminals. Comparing 
the results on the 954 tube with 
those on the 9003 tube and socket, 
it appears that the former used 
glass having a higher loss than that 
in the 9003 tube, or some coating 
within the tube increased the loss. 
Two 3A5 tubes were tested, and 
are designated A and B. The num- 
bers 3-4 and 4-5 indicate the base 
pins to which connections were 
made. 

Concentric Cables 

Power -factor measurements were 
made with the Q -meter on three 
6 -inch lengths of concentric cable 

Tube 
Type No. 

Percent Power Factor at Freq. In Mc Apparent Capacitance In µµf 

28 50 75 100 150 200 28 50 75 100 160 200 

6L6G 0.68 0.89 1.36 .... too large .... 10.9 11.4 13.2 ... 
1852 0.46 0.54 0.78 0.94 2.04 .... 7.6 7.5 7.8 7.7 8.8 ... 

6SK7 1.00 0.97 0.94 0.99 1.33 1.80 4.5 4.2 4.0 4.5 4.5 5.0 

76 1.08 1.24 1.84 3.38 .... too large 7.5 7.7 8.3 9.2 ... 
6C5 0.82 0.78 0.73 0.83 1.29 1.83 3.8 3.6 3.8 3.8 3.9 4.3 

807 (M) 1.30 1.60 1.96 .... too large .... 13.7 13.6 14.9 ... 

807 (C) 1.09 1.41 1.95 .... too large .... 13.2 13.9 15.1 ... ... 

954 0.92 1.05 0.99 0.94 1.13 1.51 2.7 2.3 2.3 2.6 2.7 2.8 

9003 0.20 0.19 0.18 0.19 0.30 0.50 3.2 3.4 3.6 3.7 3.8 3.7 

3A5 (A3-4) 0.25 0.36 0.50 0.69 1.14 ' 2.31 4.2 4.3 4.2 4.5 4.8 4.7 

3A5 (B3-4) 0.19 0.28 0.42 0.60 1.08 2.14 4.3 4.4 4.5 4.6 4.9 4.7 

3A5 (A4-5) 0.14 0.20 0.28 0.40 0.74 1.64 3.2 3.2 3.2 3.2 3.4 3.2 

3A5 (B4-5) 0.62 0.51 9.50 0.65 0.86 1.90 2.8 3.1 3.4 3.2 3.4 3.1 

ELECTRONICS - March 1944 117 

www.americanradiohistory.com



6[6' 

1852 

65K7.. 

,3A5(83-4) 

50 100 150 
Freq. in Mc 

9003 

954 

200 

i 

3A5(834) 
1852 

6L6G -63X7 

954 
9003 

SO 100 150 

Freq. in Mc 
200 

FIG. 4 -Curves showing power factor in 
percent and apparent capacitance for s:x 

types of vacuum tubes in Table VI 

having solid insulation, a six-inch 
length of line consisting of a g -inch 
copper tube with a No. 12 AWG 
copper wire supported by six ce- 
ramic spacers, and a length of 
shielded twisted pair with rubber 
and cotton insulation. The capaci- 
tances of the samples tested ranged 
between 10 and 16 µµf at 27.5 Mc. 
The percent change in apparent ca- 
pacitance from the value at 27.5 
Mc was calculated. Table VII gives 
the data taken, and Fig. 5 gives 
curves of power factor and percent 
change in apparent capacitance. 
Considerable change in apparent 
capacitance is not surprising since 
the capacitance is distributed along 
six-inch conductors. 

FIG. 5 -Curves showing power factor 
and percent change in apparent capaci- 
tance for concentric cables in Table VII 

The data presented on several 
types of components are compara- 
tive and show that there is a wide 
range in the power factor or losses 
in many of these parts at fre- 
quencies up to 200 Mc. If the most 
efficient equipment is to be con- 
structed, the best parts must be 
used. Knowledge of the best parts 
can only be obtained by measure- 
ment of the characteristics of the 
parts as available from various 
manufacturers. Such information 
should be available to builders of 
radio -frequency equipment. 

A given component may be un- 
suited for use at ultrahigh fre- 
quencies and yet be entirely 
satisfactory at low frequencies. 

Likewise, it would usually be ex- 
travagant to use a ceramic or poly- 
styrene socket in an audio -fre- 
quency application, when a cheaper 
socket would suffice and the high - 
frequency types are so scarce. In 
further work' of this kind, similar 
information taken at other temper- 
atures and humidities would be of 
value. 

No limiting value of power fac- 
tor can be stated for radio compo- 
nents intended for use at very high 
frequencies. This is because other 
factors such as frequency, power 
considerations, position of use in 
the circuit, physical and mechan- 
ical considerations, and availablity 
of desired types of components 
must be considered. 

The data presented above cover a 
fair range of values of power fac- 
tor and indicate that there is a 
choice possible. If very high -fre- 
quency applications are in mind, 
use components having the lowest 
losses consistent with other re- 
quirements of the problem. Do not 
use low -loss components in audio 
and low -frequency applications, 
when materials having higher 
losses will be equally satisfactory. 

REFERENCES 

(1) "Radio Instruments and Measure- 
ments", Bureau of Standards Circular No. 
74, p. 111. 

(2) Brown, H. A., "Radio -Frequency 
Electrical Measurements", McGraw-Hill 
Book Co., Inc., New York. N. Y., 1938, 
p. 70 ; Rao V. V. L., Proc. I. R. E. 30, 
p. 502, 1942 ; Terrhan, F. E., "Radio Engi- 
neers' Handbook", McGraw-Hill Book Co.. 
Inc.. New York, N, Y. p. 916, 1943. 

(3) Matthewè, A ' C., Characteristics of 
Radio Electronic Components, Radia, p. 24- 
28, July 1943. 

TABLE VII. SAMPLES OF CONCENTRIC CONDUCTORS AND A TWISTED PAIR 

Sample 
No. 

Description of Conductors 

A ,'s" diam. bare copper braid over 7 No. 22 

AWG copper with dark, stiff insulation 
B s" insul. copper braid over 7 No. 20 AWG 

copper with white, flexible insulation C-" insul. copper braid over 1 No. 15 AWG 
a copper with black, flexible rubber insula- 

tion 
P s s' copper tube over 1 No. 12 AWG copper 

wire with h" diam. loose fit ceramic 
spacers 

E Twisted pair, each with 10 No. 30 AWG 

tinned copper insulated with rubber and 
cotton; copper shield over pair but not 
grounded 

Power Factor in Percent at Fret. in Mc Percent Change in Apparent Capacitance (from Value at 
27.5 Mc) at Freq. in Mc 

27.5 50 75 100 150 200 27.5 50 75 100 140 150 190 195 200 

0.07 

0.18 

0.79 

0.03 

3.52 

0.08 

0.23 

0.76 

0.04 

3.56 

0.12 

0.30 

0.78 

0.08 

4.52 

0.09 

0.47 

0.90 

0.09 

0.42 

.... 

1.31 

0.20 0.66 

0 

0 

0 

0 

0 

1.2 

1.5 

0 

5.3 

11.1 

7.4 

4.8 

10.6 

23.4 

14.1 

7.7 

.. 

73 

.. 

.. 

41.0 

23.0 

25.0 

... 

110 

... 

11.5 

.... 

.... 

80.7 
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Resonance in 
MICA CAPACITORS 
By A. P. GREEN 

and 

C. T. McCOMB 
Washington, D. C. 

IN numerous high -frequency elec- 
tronic applications the require- 

ment exists that several physically 
separated points in a circuit be es- 
tablished at a common potential. 
To satisfy this condition most effi- 
ciently it is necessary to operate 
by-pass capacitors in a series reso- 
nant condition. 

The simple capacitor element is 
composed of an effective capaci- 
tance in series with an inductance; 
this inductance is composed not 
only of the inductance of the asso- 
ciated leads, but also the,: inherent 
inductance of the foil or plates of 
the capacitor itself. From this it 
is seen that for any particular ca- 
pacitor size or shape there will be 
associated with the capacitance an 
absolute minimum of effective ser- 
ies inductance. At low frequencies 
the magnitude of the inductive 
component of reactance is so small 
that it is negligible in comparison 
to the capacitive component. As 
the frequency is increased the ca- 
pacitor element behaves as an or- 
dinary series resonant circuit. 

For the most efficient application 
of a by-pass capacitor to function 
at a given frequency or band of 
frequencies, the best unit will be 
the largest practical capacitance 
that will meet both the physical 
and resonance requirements. The 
physical requirement will be fixed 
by the space available and the 
necessary lead length. With the 
lead length factor being determined 
by circuit requirements, the size of 
capacitor for resonance is then 
fixed, the frequency. 

appligleve consideration has been 
iG$';i`e the case of the common 

postage-stámp mica capacitor. An 

/000 00,. ?Oo0000 Soo 1S0 l0o So ?S. io S Capacitance 
î0 'n FaNf 

v 
U 
c 

Q1.0 
c 
N 

G12 1C i00 1000 
Resonant Frequency in Mc 

The chart gives lead lengths and capacitance values 

for series resonance at any frequency from 5 to 800 

Mc, for -postage-stamp mica by-pass capacitors with 

No. 20 tinned copper leads 

experimental determination of the 
resonant frequency variation as a 
function of lead length has been 
carried out using mica capacitors 
with leads of No. 20 tinned copper 
wire. The accompanying chart 
gives the results of measurements 
conducted over the practical range 
of lead lengths for numerous sizes 
of mica capacitors. The character- 
istic shape of the curves demon- 
strates the existence of the above - 
discussed inherent inductance of 
the capacitor element. Since the 
functional variation of resonant 
frequency is plotted with respect 
to actual lead length, the residual 
inductance of the unit manifests 
itself as an asymptotic maximum 
resonant frequency for any par- 
ticular capacitor. 

Example of Use of Chart 

A by-pass capacitor is desired for 
100 Mc. Reference to the chart 
shows that there are four capacitor 

sizes that exhibit a usable reson- 
ance at this point, these being 
represented by the four curves that 
intersect the vertical 100 -Mc line. 
The largest capacitance is most de- 
sirable as discussed above, but the 
choice of unit will be determined 
partially by the lead length require- 
ment. It is seen from the chart 
that the range of available capaci- 
tances varies from 250 µµf with a 
total lead length of 0.31 inches to 
25 µµf with a lead length of 4.0 
inches. Assuming that a lead length 
of 1.0 inch would be most desirable 
for the circuit, a 100-µµf capacitor 
would be chosen. 

An examination of the chart re- 
veals an interesting yet expected 
relationship. It is seen that for a 
constant lead length the resonant 
frequency varies inversely as the 
square root of the capacitance. 
Thus for a 1.0 -inch lead length, 500 
µµf is resonant at 43.5 Mc, and 5 

µµf is resonant at 435 Mc. 
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Military Radio Sets 
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in Use 
1 

Interior view of radio and pilot com- 
partments in a Martin PBM "Ma- 
riner" twin -engine Navy patrol 

bomber 

2 
Signal Corps radio set installed in 
half-track-General Electric photo 

3 
Aviation Radioman Second Class 
Hobart Singleton listens for SOS sig- 
nals at his post in a giant PBY 

"Catalina" Navy patrol bomber 

4 
Radio operator's position in a Naval 
Air Transport cargo plane. Sound- 
proofing material insulates the com- 
partment from the roar of twin 

Cyclone engines 

5 
Radio operator at transmitting key 

aboard a Navy bomber 

Official U. S. Navy Photographs 

3 

4 
5 
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SUPERSONIC 
Current interest in applications for acoustic waves above 20,000 cps gives timeliness to 

this survey of basic methods for generating supersonic waves. Related facts on energy 

transfer through wave motion and effects of supersonic wave power are also covered 

SUPERSONIC 
APPLICATIONS 

Precipitation of smoke 
Homogenization of milk 
Emulsification, giving smoother ice 

cream, mayonnaise and other 
food products 

Acceleration of aging of wines 
and spirits 

Acceleration of chemical reactions 
Transformation of chemical com- 
pounds 

Stimulation or destruction of bac- 
teria in food products 

Underwater signalling 
Echo depth sounding 
Treating seeds to stimulate plant 
growth 

Flocculation of suspended particles 
or gas bubbles in liquids 

Transformation of crystal struc- 
tures 

Compression and expansion of 
media through which sound 
waves pass 

Killing of small fish and frogs 
Heating of media that absorb 

supersonic waves 
Movements of particles into nodes 

of standing wave systems 
Mixing of metals to produce alloys 
Detection of imperfections in cast- 
ings 

Sperry Gyroscope Co., Inc. By 
V. 

J. YOUNG Garden City, N. Y. 

WITH an acoustic wave as with 
any other kind of wave mo- 

tion, there are certain facts that 
are always true and certain others 
that can be relied upon with cer-, 
tainty only for audible sounds pro- 
duced in the normal fashion with 
moderate amplitude. 

For example, with a simple tone 
such as might be obtained from a 
tuning fork or a resonant organ 
pipe, the velocity of propagation 
can be quite accurately stated in 
terms of the temperature and the 
nature of the conducting gaseous 
medium. Even though the pitch is 
still in the audible range, this is 
not at all true for violently excited 
sources of a transitory nature such 

as are encountered with explosions. 
In that case very peculiar effects 
are often noted. The velocity of the 
wave in the neighborhood of the 
explosion may be as much as three 
times as great as at a large distance 
where its loudness is comparable 
to that of ordinary sounds. 

Comparison of Audio and Supersonic 
Waves 

Fortunately, in supersonic waves 
(having frequencies higher than 
those which affect the human ear, 
i.e., above about 20,000 cps) we are 
not usually concerned with the ef- 
fect of huge::alnplitudes which are 
only generatéc? for ; such a short 
lapse of time. In fact, it has been 
the practical difficulty -of obtaining 
sufficiently pow rful sources that 
has made the whole field one to be 
successfully investigated only in 

the last twenty years or so, and it is 
readily possible to deal only with 
steady-state experiments in which 
measurements are much easier to 
make. 

Nevertheless, the point is still 
well made that supersonic waves 
are like ordinary sound waves only 
in certain respects and that a good 
starting point to their study is to 
enumerate the similarities and 
point out where differences may be 
anticipated. 

Probably the most characteristic 
statement that can be made about 
any wave motion concerns itself 
with a description of the flow of en- 
ergy from the source to the re- 
ceiver. If this is accomplished by 
the motion of matter through the 
whole distance, we do not ordina- 
rily speak of the transmission as a 
wave motion ; on the other hand, if 

Echo sounding is one important application of supersonic waves. A typical 
arrangement in a boat is shown here; the transmitter mounted against the hull 

inside the ship sends supersonic waves down to the ocean bottom, and the 

receiver picks up the reflected waves. Electronic equipment plots depth on 

moving tape as ship moves. (From "Precision Echo Sounding and Surveying") 
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FUNDAMENTALS 

Example of supersonic depth record obtained on a ship. Such objects as fish 
above the ocean bottom give indications also, making the equipment of great 

value to deep-sea fishing boats 

none of the particles of matter in 
the neighborhood of the source ever 
reach the receiver while carrying 
energy with them, but rather only 
move a part of the distance so that 
the energy is repeatedly relayed 
along the way, then wave motion is 
indicated. 

With acoustic waves this may be 

visualized in a very graphic way. 
The source is always a member 
moving with some type of periodic 
motion even though complicated. 
This motion pushes particles of the 
medium in the near neighborhood 
of the member and causes them to 
move also with periodic motion of 
some sort. These in turn excite 

ReÇorder 

This schematic diagram of a harbor tide -recorder is an interesting practical 
supersonic application. (From "Precision Echo Sounding and Surveying", by 
Lt. Commander D. H. Macmillan, Henry Hughes & Son, Ltd, 59, Fenchurch St., 

E.C. 3, London). Both oscillators are on ocean bottom 

other particles and so on, until the 
matter in the neighborhood of the 
receiver is in motion and energy is 
transmitted to the receiver. 

Facts About Wave Motion 

Because of the periodic motion 
executed by elements of the mate- 
rial in the path between the source 
and receiver, it is clear that if the 
medium is observed at some single 
point, the material there will at 
certain times show a certain veloc- 
ity, acceleration, or displacement. 
At the same time some other near- 
est point along the path- will show 
the same velocity, acceleration and 
displacement. This distance be- 
tween nearest points showing the 
same dynamical condition is called 
a wavelength. 

Likewise if a series of snapshots 
of the wave train can be taken one 
after another and if the dynamical 
properties of the elements of the 
material are recorded upon them, 
it may be seen that any particular 
value of a dynamic quantity, such 
as a certain velocity, acceleration, 
etc., can be observed in successive 
pictures to have moved along the 
path. The velocity of the wave may 
be said to be the velocity with which 
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FIG. 1-Simple circuit for driving a quartz 
crystal serving as a supersonic source of 

sound 

Quartz 
mosaic 

--To oscillator 

1 
0 

biner 
Electrode 

\\\\\A ò,iiaii ,, 
an 

'voter -fight joint 
Sea Water as Outer Electrode 

FIG. 2-Langevin quartz supersonic source 
for underwater signalling 

the chosen value of the chosen 
dynamical property moves. 

If the wave is modulated and we 
follow the motion of a point on the 
modulation envelope, the velocity 
observed is said to be group veloc- 
ity. If instead we choose to watch 
the progress, for example, of the 
maximum acceleration of the parti- 
cles due to the carrier wave, then 
the velocity measured is the phase 
velocity. In any event, for a steady- 
state solution, we can always write 
down a very simple relation be- 
tween velocity, the corresponding 
wavelength, and the corresponding 
frequency. It is f), = y, where A is 
the wave length, f is the frequency, 
and y is the velocity. That this is 
true can easily be seen by imagining 
an observer who is able to place a 
mark on the wave train as it goes 
by and then take a picture of the 
wave train one unit of time later. 
His mark will then have moved y 

units of distance away, which is 
equivalent to f wavelengths since 
by definition f is the number of 
waves generated per unit time. 

So far we have reviewed facts of 
wave motion which are true for all 

waves. To go further we would 
need to consider more completely 
the way in which the individual 
particles of the medium executed 
their periodic motion and how 
much of the transmitted energy is 
dissipated in heat rather than be- 
ing transmitted to the receiver. In 
these respects supersonic waves 
sometimes act quite strangely. 

Figure 1 shows a circuit for an 
oscillating quartz crystal used by 
G. W. Pierce' for the generation 
of high -frequency sound waves. 
When it is in operation the plate 
voltage varies sinusoidally at a fre- 
quency dictated by the crystal. 
Every time the plate voltage starts 
to rise, a potential begins to ap- 
pear across the crystal by way of 
the grid and grid leak. 

In due time, depending upon the 
mechanical period of rearrange- 
ment of molecular units in the 
crystal, this potential causes a po- 
larization charge to appear on the 
surface of the quartz and in doing 
so gives the effect of a flow of posi- 
tive charge to the grid. The tube 
thus becomes more conducting, so 
that the plate voltage begins to 
fall and a voltage drop begins to 
appear across the inductive load 
instead of across the tube. Ninety 
degrees later in phase (because of 
inductive phase shift) the greater 
part of the voltage is across the in- 
ductance and the plate voltage is a 
minimum. 

During this fall in plate poten- 
tial, the crystal finds itself in a 
relaxed or even reversed electric 
field to the one described before. 
This occurs at a time that is just 
right to fit in with the natural me- 
chanical period of the crystal. In 
consequence, the grid loses positive 
charge and the voltage across the 
vacuum tube again starts to in- 
crease. The crystal thus essentially 
acts like an electrically resonant 
element and the inductance and 
vacuum tube serve to time the ap- 
plication of a driving voltage across 
this element so as to keep it going 
at its natural frequency. 

The crystal used by Pierce was 
a slab cut so that its thickness lay 
along an electric axis of the quartz 
and its length along the optic axis. 
When such a plate finds itself in an 
electric field in the direction of its 
thickness, its length and thickness 

change in such a way that the vol- 

ume of the crystal is constant. Such 
a crystal used in the circuit of Fig. 
1 can generate supersonic waves of 
modest intensity by virtue of the 
periodic change in its thickness. 
The fact that these waves have a 
constant and stable frequency de- 
termined in the main only by the 
crystal is a great advantage inas- 
much as it furnishes an accurate 
basis for many other measure- 
ments. 

Quartz Crystal as Supersonic Wave 
Generator 

With the arrangement just de- 
scribed, early work was done with 
supersonic waves in gases using 
frequencies between 40 and 1500 
kc. As Pierce's crystals were cut, 
the highest of the three natural 
frequencies of the crystal was used. 
When this is done an empirical 
formula may be given for the fre- 
quency as a function of thickness. 
It is f = 287 x 10'/d, where d is in 
cm. This indicates that at 40 kc 
a completely unloaded crystal would 
need to be 7.2 cm thick. 

Further empirical data tells us 
that even if a fairly high voltage 
(of the order of 1000v) is used 
to drive such a crystal, the acous- 
tic energy to be expected is less 
than a watt per square cm of sur- 
face area. Because of this rela- 
tively small power which has to 
be divided between so many waves 
at this high frequency and because 
of the status of the art of elec- 
tronics in 1925, Pierce was then 
able to generate waves only of 
small amplitude, although the prin- 
ciple of operation is the same as 
that used by later experimenters 

FIG. 3--Magnetostriction generator circuit 
for producing supersonic waves 
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who repeated his measurements 
with slightly different results.' 

Langevin Piezoelectric Oscillators 

At an even earlier date due to 
the needs of subaqueous sound 
signalling in the first world war, 
a French physicist, Langevin, de- 
vised a piezoelectric source for the 
transmission of sound at fre- 
quencies up to 50 kc in sea water. 
This was somewhat simpler be- 
cause it is easier to establish an 
efficient coupling between the 
crystal and the liquid. 

Langevin did not attempt to 
use crystals of large area to ob- 
tain increased power, but instead 
used a mosaic of several crystals 
embedded in a nonconducting resin- 
ous material. This is possible be- 
cause although it is necessary to 
have electrodes on both sides of 

Be/t---- 

;G/ass tube 

C/ámp e 
FIG. 4-Holtzmann's ultrasonic generator 

using two moving belts 

the crystal in the thickness direc- 
tion, it is not necessary that the 
electrodes make actual contact with 
the quartz. The direct piezoelectric 
effect, by the use of which polariza- 
tion currents are made to rein- 
force and control a periodic ap- 
plied voltage, is purely a dielectric 
phenomenon and does not depend 
on conduction between the elec- 
trodes in any way. 

Crystal Mounting Methods 

There are two ways to mount 
crystals which are used to gener- 
ate supersonic waves. One is by 
the use of a steel -quartz sandwich 
in which the acoustic waves are 
transmitted through the plates 
into the medium; the other is that 
in which the medium itself can be 
used to conduct current and serve 
as one of the electrodes. This sec- 
ond scheme is shown, in Fig. 2. 

The decision as to which mount- 
ing to use when a choice is possible 

depends on several factors. In 
general, the crystal is easier to get 
into oscillation and its frequency 
easier to keep constant and known, 
if the load is as light as possible. 
To grind it to a given frequency 
with a negligible load is difficult 
enough; to do so for a given fixed 
load is still harder; and if the load 
is variable the job is impossible 
except within errors dependent 
upon that variability. 

On the other hand, it may be ad- 
visable to have a fixed load imposed 
by the steel plates so that varia- 
tions due to reflections back on the 
source by objects in the medium 
will be negligible. Also, at moder- 
ately low supersonic frequencies 
when maximum piezoelectric effect 
is needed, it may be desirable to 
use fixed loading to avoid exces- 
sively thick crystals. 

in a solid will generally suffice for 
this. The resonant L and C tank 
connected to the plate is tuned to 
the same frequency. 

When energy is supplied, oscil- 
lation starts in the plate circuit 
and is built up to its full value by 
feedback through the grid by virtue 
of the magnetic coupling between 
the grid and plate coils furnished 
by the rod. To see just how this 
electrical frequency ties in with 
the acoustical frequency, we must 
consider the phase of this feed- 
back and the magnetic behavior 
of the iron in more detail. 

Referring again to Fig. 3 and 
specifically looking at the L and C 
tank in the plate circuit, the de- 
sired resonant condition is ob- 
tained if the charge on one plate 
of the capacitor is urged to move 
through the coil over onto the other 

Monochromatic 
ugh* source 

Supersonic source 

Liquid corryin_q 
atoms tic waves 

311.1 
31111 ' 

Diffiwction 
lines 

FIG. 5-Arrangement for obtaining diffraction patterns from light that has 
passed through a liquid carrying supersonic waves 

Magnetostriction Oscillators 
Another easier to construct but 

somewhat less commonly used elec- 
tro -mechanical method of generat- 
ing supersonic waves makes use of 
the magnetostriction properties of 
materials such as nickel or an iron - 
nickel alloy. The chief advantage 
of such generators lies in the 
simplicity arid cheapness of their 
construction. The chief disadvan- 
tage is that when any appreciable 
amount of power is desired the 
practical upper limit on frequency 
is about 60 kc. 

A simple magnetostriction gen- 
erator is shown in Fig. 3. In order 
to make it operate, a magnetostric- 
tion tube or rod is chosen which 
is a half wavelength long for the 
frequency which it is desired to 
produce. In calculating this length 
from y = f),, it must be remembered 
that y will be the velocity of the 
sound in the rod. The ordinary 
equation for the velocity of sound 

plate of the capacitor and then re- 
turn back over the same path, 
making f complete trips per second 
where f is the resonant frequency. 
Because in so doing the charge 
must build up and collapse electric 
and magnetic fields, it would take 
high applied voltages to make the 
charge oscillate in strength at a 
nonresonant frequency. 

At the frequency f, no energy 
at all is needed to maintain the 
oscillation except to make up for 
that lost in heat because of copper 
and iron losses or that drained off 
the system as acoustic power. This 
extra energy is supplied to the 
circuit through the vacuum tube. 

Timing is Important 

The trick, therefore, is to get 
the grid to allow negative charge 
to flow through the tube onto the 
capacitor at the same time that 
the capacitor plate is receiving 

(Continued on page 204) 
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RC 
Oscillator 

Practical performance data on relaxation, transitron and 
phase shift types of RC oscillators. Suggestions are given 

FIG. 1-Characteristics of a typical relax- 
ation oscillator consisting of a potential 
source E, a limiting resistor R, a capaci- 
tance C, and a gaseous discharge tube T. 

The curves illustrate various charging, t,, 
and discharging, t , conditions 

FIG. 2-Basic transitron oscillator circuit. 
R, is the frequency adjustment, R, the f eed- 
back adjustment, and C, the feedback 
capacitor; R:, and C, are screen grid res- 
onant circuit components. E,. is the grid 

bias used to produce sine waves 

FIG. 3-Typical negative resistance curve 
of transitron oscillator. R is the negative 
resistance portion of the screen charac- 
teristic, where an increase in screen volt- 
age gives a decrease in screen current 

THERE are numerous practical 
applications of oscillator cir- 

cuits employing resistance and ca- 
pacitance as frequency -determin- 
ing constants. The main types are : 

1. Gas tube discharge 
2. Van Der Pol or transitron 
3. Phase shift and multivibrator. 
The first employs the ion path 

in a gaseous conduction tube to 
produce a rapid discharge of volt- 
age built up relatively slowly across 
an impedance. Such an action is 
called "relaxation oscillation" and 
is usually saw -tooth in wave shape. 

The second can produce either 
relaxation, sine -wave or square - 
wave oscillation, and even short - 
duration pulses. This is the most 
versatile RC circuit since it can 
not only duplicate the action of the 
other types but is also able to do 
many things which cannot be ac- 
complished by the others. When 
employed for saw -tooth wave pro- 
ductioh, the fundamental principle 
of this type is essentially the same 
as the first, except that the operat- 
ing conditions of a vacuum tube, 
are altered to provide a rapid dis- 
charge path by the development of 
negative resistance. 

The transitron, an improvement 
of the original Van Der Pol circuit, 
can be used where an audio oscil- 
lator is needed to produce waves 
for test purposes, sweep circuits, 
synchronous adaptations and en- 
ergy sources for various applica- 
tions. Since it can be easily syn- 
chronized, the transitron may be 
used as a frequency divider or 
waveform changer. It may also be 
used as a highly selective amplifier 
when proper neutralizing adjust- 
ments are made. Furthermore, for 
synchronizing purposes it can pro- 

duce a waveform of poor frequency 
stability, which may then be con- 
verted to a sine wave. Such a sys- 
tem constitutes a sine -wave source 
which has the synchronous quali- 
ties of a saw -tooth oscillator. The 
system can thus be made to syn- 
chronize in both frequency and 
phase with periodic pulses. 

The phase -shift type is chiefly 
used for the production of high - 
precision sine waves and when 
properly operated can be utilized 
as a calibrated audio oscillator for 
laboratory work. Its advantage 
over other oscillators is indicated 
in the fundamental formula for the 
two types. In the phase shift oscil- 
lator, f . cc l/RC, whereas in most 
other types, f o «1 /V/RC. The in- 
ductance type belongs in the latter 
category by replacing R with L. 
Accordingly, the phase -shift oscil- 
lator can be tuned through a 
range of about 10 to 1 with an or- 
dinary variable capacitor. Tuning 
ranges can be conveniently changed 
by switching R values. This type of 
oscillator makes use of a filter net- 
work which produces the 180 deg 
shift necessary to excite its grid 

The well known multivibrator, 
which is a form of phase -shift os- 
cillator although its qualities and 
many uses do not put it in the same 
category, employs a second tube to 
obtain the 180 deg phase shift, 
rather than an RC filter, and thus 
produces a voltage with which to 
drive the first tube. In essence, it 
is a two -stage RC amplifier with 
its output connected to its input. 

Gaseous Discharge Osciilator 

The simplest type of RC oscil- 
lator is shown in Fig. 1A. When 
voltage E is impressed upon the cir- 
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By J. H. NEWITT 
Federal Telephone and Radio Laboratories 

New York, N. Y. 

Performance 
for overcoming the difficulties encountered in the pro- 
duction of sine waves from saw -tooth waves with filters 

cuit, the capacitor charges slowly 
due to R being in series with it. 
The charge curve is represented 
graphically in Fig. 1B by t1. When 
the striking voltage of T is reached 
by the charging of C, T ionizes and 
becomes effectively a short circuit 
across C, thus rapidly discharging 
it as represented by t, on Fig. 1B. 
C then proceeds to charge again as 
before, T having become deionized 
by the previous discharge of C. 
Such charging and discharging 
takes place at a frequency depend- 
ent upon the value of R and C. In 
Fig. 1B, the linear part of the ca- 
pacitive charge characteristic is 
used, making tl linear. The wave - 
shapes produced by such a device 
are characteristically called the 
saw -tooth or relaxation type. If 
smaller values of voltage are em- 
ployed, the charge may reach the 
nonlinear portion of the charge 
characteristic before T ionizes. 
Such a case is illustrated by Fig. 
1C. 

Increasing the discharge time by 
inserting a resistance between C 
and T changes the slope of the dis- 
charge curve, tº. This is indicated 
in Fig. 1D, where t9 is greater than 
in Fig. 1B, whereas Fig. 1E shows 
tl equal to t, and Fig. 1F shows 
ti < t.¿. 

Gaseous Triode Circuits 

There are many variations of 
this circuit employing gas tubes 
with control electrodes such as 
grids to allow more flexible circuit 
control. The type 884 tube falls in 
this latter category and is used as 
a cathode-ray oscilloscope sweep 
generator. It is important to oper- 
ate such control -grid oscillators 
with just the required amount of 

voltage to produce synchronism. 
If the sync voltage is above that 
needed, the frequency of the oscil- 
lator will be shifted in discreet mul- 
tiple steps when the sync frequency 
is higher than the oscillator fre- 
quency. Such action takes. place 
when the sync voltage is increased, 
because ionization occurs at a 
lower than normal voltage level, 
and thus the RC constants take less 
time to reach this new level and 
consequently increase the fre- 
quency of oscillation. 

Transitron Oscillator 

Other than the dynatron, the Van 
Der Pol oscillator was one of the 
first circuits employing negative 
resistance with RC constants to 
form an oscillatory circuit. At 
first, pentodes were not available 
and the circuit had certain diffi- 
culties which Van Der Pol pre- 
dicted would be overcome with the 
advent of the pentode. And when 
it finally came, the original circuit 
transformed into the transitron 
circuit became highly practical and 
proved useful in many new ways. 

The transitron works on the 
simple principle of producing neg- 
ative resistance between two grid 
circuits containing the frequency - 
determining constants. Negative 
resistance is produced between the 
plate and screen grid of a tetrode 
by dynatron action when secondary 
emission takes place. Since dyna- 
tron secondary emission is not al- 
ways reliable due to variable fac- 
tors in tube manufacture, the oscil- 
lator resulting cannot always be 
relied upon for consistent results. 

The transitron obtains its nega- 
tive resistance characteristic in a 
different manner and so has the ad - 

FIG. 4-Low-pass filter for converting 
isosceles waves of 10 to 20 kc to sine 

waves. R = 50,000 and C = 0.001 µf 

FIG. 5-Practical transitron oscillator cir- 
cuit for production of sawtooth waves 

between 7 and 26 kc 

Oscillofor 

FIG. 6-Automatic amplitude control of 
this transitron oscillator is used to com- 
pensate for a falling off in output voltage 

vantages of the dynatron without 
the attendant disadvantages. Sta- 
bility of the circuit is excellent be- 
cause only the RC values determine 
frequency, the electrode voltages 
consequently having practically no 
effect whatever. Such a circuit is 
comparable to the crystal oscillator 
in stability since E, variations of 
25 percent only change the fre- 
quency a few parts in a million. 

The oscillator can be used 
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throughout the audio range and. 

considerably above, using RC cir- 
cuits alone. The upper practical 
limit with RC constants is approx- 
imately 0.5 Mc. Transitron circuits 
employing inductance can be op- 
erated with reliability to 20 Mc and 
even to 60 Mc if careful design is 
observed. Operation above 20 Mc 
is somewhat difficult as regards effi- 
ciency and reliability. The tran- 
sitron can be made to oscillate at 
three distinct frequencies at the 
same time by having LC circuits of 
different constants in its grid and 
cathode circuits. Thus, the tube can 
operate at radio frequencies and be 
its own a -f modulator. The tran- 
sitron circuit presents great poten- 
tialities for use with battery -oper- 
ated equipment in which constancy 
of calibration as the battery ages 
is important. 

Action of Transitron Circuit 

In the basic transitron cir- 
cuit shown in Figure 2, the sup- 
pressor grid goes negative with 
respect to the cathode due to 
applied voltages. Electrons are at- 
tracted by the positive screen and 
repelled by the negative suppressor. 
A negative voltage change on the 
screen grid is transmitted from this 
grid to the suppressor through C 
causing the suppressor to repel 
more electrons and resulting in a 
net increase in screen current. Such 
an increase with a negative incre- 
ment in voltage is effectively nega- 
tive resistance between the screen 
and suppressor grids. 

A typical negative resistance 
curve is given in Fig. 3. An a -c 
fluctuation in screen voltage oper- 
ates above and below point x. By 
this method an alternating current 
is produced which is 180 deg out 
of phase with its initiating volt- 
age. 

Any circuit whose output can 
supply all input losses by the cre- 
ation of negative resistance can 
sustain continuous oscillations. By 
applying bias to the control grid, 
the total space current of the tube 
and the slope of the negative re- 
sistance curve can be controlled. 
In this interval an increase in 
screen voltage will give a decrease 
in screen current, and conversely. 
Sine -wave output of the oscillator 
is obtainable when the operation is 

confined to the linear portions of 
the R curve. Consequently, grid 
bias is used to produce sine waves 
and omitted to produce highly dis- 
torted waves. 

Transitron Waveforms 

The saw -tooth waveform may be 
varied from a strictly isosceles 
shape to other saw -tooth shapes, 
depending upon adjustments of the 
inverse feedback or cathode resis- 
tance. Sine waves may be pro- 
duced in the transitron oscillator 
by supplying fixed bias to the sup- 
pressor and control grids while 
properly adjusting the feedback. 

Sine waves may be produced by 
operating the transitron to give an 
isosceles -shaped wave in the plate 
circuit and then to pass such a 
wave through a low-pass RC filter 
of the type shown in Fig. 4. Such 
a combination may then be syn- 
chronized by the impression of a 
sync signal in the control -grid cir- 
cuit of the transitron. This pro- 
duces synchronism not only in fre- 
quency but in phase as well, when 
periodically occurring pulses are 
used as a sync voltage. 

Square waves may be produced 
by proper feedback adjustment of 
the suppressor grid potentiometer 
as shown in Fig. 2. The square 
wave output is taken from the 
screen circuit. Feedback adjust- 
ment controls the waveform to- 
gether with the spacing between 
adjacent crests of the wave. 

The transitron may be used as a 
source of pulses by adjusting R, 
so that a square wave derivative is 
formed which produces a sharp 
peak over a small portion of the 
electrical cycle. When such a pulse 
is derived from a balanced square 
wave, negative pulses may be elim- 
inated by rectification, while the 
pulses may be sharpened by pass- 
ing them through voltage delay cir- 
cuits. Both operations can be ac- 
complished with one biased diode. 

Waveform or Frequency Control 

Figure 5 shows a simplified form 
of the transitron oscillator which 
operates in the range of 7 to 26 kc 
and delivers a saw -tooth waveform 
output. This waveform may be 
kept isosceles in shape over the 
range by making the cathode re- 
sistor variable. With the tran- 

sitron, any feedback adjustment or 
other waveform control will cause 
a frequency shift and the frequency 
control will, through its range, 
cause a waveform change. Thus, a 
reference to waveform or frequency 
control refers only to the major ef- 
fect of the eontrol upon the circuit. 
Thus, in Fig. 2, R, is mainly a feed- 
back control, whereas R, is mainly 
a frequency control. 

An alternative method for feed- 
back control consists of making the 
screen resistance a voltage divider, 
the center arm of which is con- 
nected through a capacitor to the 
control grid. This system is useful 
in direct sine -wave production when 
using proper bias on control and 
suppressor grids. 

The transitron circuit may be 
made to perform over a great fre- 
quency range, its upper practical 
limit being 0.5 Mc and its lower 
practical limit being in the vicin- 
ity of a few cycles per second. In a 
given circuit design for operation 
over a wide frequency range, cir- 
cuit control becomes complex when 
constancy in output voltage and 
waveform is desired. If these lat- 
ter factors are unimportant, wide - 
range operation may be obtained 
with a single circuit control. It is 
possible, however, to retain con- 
stant waveform and output volt- 
age with a single circuit control if 
it is designed to operate near a 
specific frequency or within a lim- 
ited range. 

Production of Saw -Tooth Waves 

In Fig. 5, the waveform in the 
screen circuit is square wave or 
its derivative type. The waveform 
in the plate circuit is saw -tooth due 
to the large capacitance. To pro- 
duce an isosceles -shaped saw -tooth 
wave, the capacitance must be large 
enough to employ only the linear 
portion of its charge characteristic. 

Values of capacitance above those 
needed to correct the nonlinear 
slope of the saw -tooth waveshape 
merely reduce the voltage output 
of the oscillator. Naturally, such a 
capacitive filter has a frequency 
characteristic; when designing an 
oscillator for a wide frequency 
range, attenuation of the output 
voltage must be suffered at the high 
end to preserve the linearity at the 
low end. The linearity of the saw - 
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tooth wave should be established at 
the low end of the desired range by 
inserting the minimum amount of 
capacitance necessary to produce 
linearity at that point and unless 
this value is gradually decreased 
with the frequency increase, atten- 
uation in oscillation output voltage 
must be suffered. Also, the type of 
saw -tooth waveform changes with 
frequency and must be compensated 
over a frequency range by a feed- 
back adjustment. 

To obtain constancy of waveform 
and voltage output over a wide fre- 
quency range, a complex circuit 
control is necessary. When operat- 
ing the oscillator over a limited fre- 
quency range, waveform and atten- 
uation do not vary appreciably and 
thus do not require compensation. 

Falling off in output voltage can 
be compensated by the use of an 
automatic amplitude control as 
shown in Fig. 6. Best results are 
obtained by using voltage delay in 
the diode circuit so that oscillations 
must reach a certain level before 
amplitude control takes place. This 
may be accomplished by inserting 
a bias cell in series with the recti- 
fier tube or by tapping the cathode 
return above ground on the power 
supply bleeder. 

The transitron can be used as a 
selective audio amplifier by vary- 
ing the negative feedback through 
zero and to a slightly positive value, 
producing neutralization. Such 
action is accomplished by adjust- 
ing the feedback control to the 
point just below that for oscillation 
and then using the control grid as 
a signal input while taking the 
output from the screen grid. The 
only trouble with such a circuit is 
that a change in g, causes a 
change in selectivity, and the cir- 
cuit=hence does not possess equal 
qualities of inverse feedback cir- 
cuits used for the same purpose. 
The effect is not too great at most 
audio frequencies, but increases as 
the upper part of the range is ap- 
proached and is of considerable 
magnitude at frequencies above the 
audio rangé. 

Phase Shift Oscillator 

Properly adjusted phase shift os- 
cillators generate high -precision 
sine waves accurate to 0.1 percent. 
The phase -shifting network usually 

TABLE I. MISCELLANEOUS RC OSCILLATORS 

A --Direct voltage produces ionization in T, charging C through r. Voltage across C 
builds up, with an accompanying decrease across T, until ionization can no longer be 
sustained and C is discharged through R, after which the circuit conditions are returned 

to their initial state, and the sequence repeats 

B-Circuit using hot -cathode gaseous discharge tube with grid to permit synchronism. 
Frequency -determining constants R and C may be placed in cathode circuit instead of 

plate circuit 

C- This blocking oscillator employs a feedback device to produce 180 -deg phase 
reversal (negative resistance) in the grid circuit 

D --This multivibrator is used as a frequency divider, square or sawtooth wave generator. 
The second tube provides the necessary 180 -deg phase reversal to drive the first tube, 

the output of which drives the second 

introduces so much attenuation 
that considerable amplification in 
the tube must exist to sustain oscil- 
lation. Proper filter design together 
with the use of high -p, tubes will, 
however, produce favorable results 
from this type of oscillator. The 
use of fixed grid bias will facilitate 
the production of oscillation in some 
difficult cases. It may also be found 
necessary to include small by-pass 
capacitors to prevent high -fre- 
quency parasitics. 

The variation of frequency in 
this oscillator does not make for 
simplicity in construction since at 
least one constant of each section 
of the filter must be varied. An at- 
tempt to control the frequency over 
any appreciable frequency range 
by variation of only one component 
in the circuit would cause such at- 
tenuation in the filter circuit as to 
stop oscillations. 

The phase shift oscillator is fre- 
quently very sluggish in starting 
and should always be allowed to 

stabilize after being set into opera- 
tion. Since many tubes will not op- 
erate in this circuit, the 6SL7 is 
recommended. In addition to the 
excellence of waveform produced 
by this oscillator, inherent difficul- 
ties which arise in the conventional 
heterodyne audio type, such as poor 
beat -frequency stability due to 
high frequency drift, poor fre- 
quency synchronism and poor con- 
stancy of calibration are overcome. 
The phase shift oscillator will oper- 
ate from a fraction of a cycle per 
second throughout the audio range. 

Best sine wave production is ob- 
tained where oscillations are barely 
sustained. Automatic amplitude 
control can be used. Many labor- 
atory audio oscillators employ such 
an arrangement to control opera- 
tion over extended frequency 
ranges. Usually a three- or four - 
gang variable capacitor is used to 
tune each section of the filter simul- 
taneously while ranges are changed 

(Continued on page 252) 
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Gamma -Ray Measurements 
Information obtained by examining sub -surface structures through which existing wells 

pass facilitates location of proposed new wells. Electronic method of exploration functions 

even where metallic casings have been sunk. In addition, radioactivity measurements per- 

mit accurate determination of the level of cement as casings are being set 

Truck set up for making an oil well log (Halliburton Oil Well Cementing Co.) 

DURING the last two decades, 
methods of exploring for oil 

have undergone widespread ad- 
vances due to the introduction of 
geophysical techniques, some of 
which employ electronic equipment. 

It was early discovered that oil 
pools occur in and around several 
different types of subsurface struc- 
tures such as, for example, domes 
and faults. Search for these struc- 
tures, as a consequence of the 
knowledge that they were likely to 
indicate presence of oil, stimulated 
a great deal of activity in surface 
measurements as aids in locating 
such geologic formations. Surface 
measurements are fairly well known 
today. This article, therefore, will 
not deal with them but only with 
measurements down in wells which 
have been drilled or are being 
drilled. 

Once drilling operations have be- 
gun in an oil field it is apparent 
that as much subsurface informa- 

-On leave at Applied Physics Laboratory, 
Johns Hopkins University, Silver Spring, Md. 

tion as possible should be gotten 
from each well in order to map 
the subsurface structure. Such a 
map is quite useful in locating suc- 
ceeding wells and in predicting the 
level at which oil may be found 
beneath the surface. 

Electrical Logs 

At first, cuttings and cores taken 
from the bottom of the hole were 
examined and "logs" showing the 
types of rock encountered were 
plotted from this information. Then 
paleontologists were engaged to ex- 
amine the fossil content of the 
rock so that the strata could be 
identified more exactly as to geo- 
logical age and category. As 
rotary drilling became more prev- 
alent, however, the cutting in- 
formation was not too reliable 
since the cuttings were taken from 
a constant mud stream in which 
they were diffused as they came up 
from great depths. Also, even 
where cores give reliable informa- 
tion, coring is a relatively expensive 
operation. 

The next stage was the introduc- 
tion of geophysical methods into 
well -logging technique, and within 
the last decade "electrical logging"1 
has been widely adopted. In gen- 
eral, the electric log shows two 
graphical traces as a function of 
depth, one a measure of the elec- 
trical resistivity of the formations, 
and the other a measure of the 
difference of potential between a 
point on the surface and a moving 
electrode in the well. These logs 
are made continuously as an elec- 
trode (or electrodes) suspended on 
a conducting cable is moved in 
the well. Special trucks are 
equipped with power -driven cable 
drums and recording apparatus for 
making the logs. 

Interpretation of electrical logs 
indicates that, with some excep- 
tions, sands have a relatively high 
resistivity as compared to shales 
and also give rise to a relatively 
high potential peak. Fortunately, 
the pattern of these changes is 

Electronic surface equipment used in con- 
junction with gamma -ray detector employ- 

ing two counter tubes 
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in Oil Wells 

By LYNN G. HOWELL* 
/l amble Oil and Refining Company 

Houston, Texas 
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usually fairly characteristic from 
one well to another, so that a re- 
markable correlation of strata in- 
formation can be obtained from 
well to well. In many fields, once 
the producing section has been 
logged and cored in key points 
other wells can be safely drilled 
in intervening locations with the 
help only of electrical logs. Thus, 
a large saving in time and money 
in coring is effected. In "wildcat" 
or new -field wells, the electrical log 
sometimes shows up sands which 
are "good bets" as oil sands and 
which would otherwise be passed 
up in ordinary drilling operations. 

Electrical logs can be made only 
in open sections of wells, sections 
containing no conducting (metal- 
lic) pipe. Many old fields exist in 
which the formation data is 
meager, and in which electrical 
logs cannot be made due to the 
presence of steel casing. Some of 
these fields are known to have oil 
sands in the upper formations, 
sands which were not found when 
the wells were first drilled and 
cased. If these sands could be 
logged through the pipe, produc- 
tion could be effected by perforat- 
ing the casing with a special gun. 

Use of Gamma -Rays 

Since gamma -rays from radioac- 
tive elements can be detected 
through steel pipe, work was begun 
on making radioactive measure- 
ments of the formations in oil wells 
to see if useful data could be ob- 
iained. Radioactive elements in- 
clude the uranium series to which 
radium belongs, the thorium series, 
and potassium. 

The first measurements" were 
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Gamma -ray counter used to detect squeezed cement 

made with an ionization chamber 
filled with nitrogen at a pressure 
of about 500 pounds per square 
inch. The chamber was made of 
4 -inch drill -pipe and was capable 
of withstanding the pressures of 
several thousand pounds per square 
inch encountered in wells. Housed 
in a compartment adjacent to the 
ionization chamber was a detect- 
ing circuit and batteries. The 
ionization current was fèd to the 
grid of an electrometer tube which 
was grounded periodically at 3 - 
second intervals by a clockwork 
mechanism. The grid voltage at the 
time of grounding was proportional 
to the ionization current, so that 
pulses proportional to the ioniza- 
tion current and, therefore, pro- 
portional to radioactivity, were 
produced. These pulses were fed 
to the surface through the support- 
ing multi -cable conductor from a 
line transformer in the plate cir- 
cuit of the electrometer tube. The 
pulses were amplified at the sur- 
face and read on a galvanometer. 
Measurements were made at vari- 
ous points in the well, a number 
of galvanometer deflections being 
read at each point. The producing 
sections of wells explored gave a 
promising correlation between the 
radioactivity curves and electrical 
logs made in the same wells. 

Although the curves showed the 
possibility of using radioactive 
data in logging wells, the technique 

was not immediately applicable to 
making routine measurements. It 
is always desirable to make con- 
tinuous logs, with as much speed 
as possible. 

Geiger-Mutler Courier Method 

We began work with Geiger - 
Müller counter -tubes as detectors. 
Pulses from individual secondary 
particles produced by gamma -rays 
are "counted" in the G -M tube, as 
contrasted with measurement of 
the integrated ionization current 
in the ionization chamber. Thus, 
one starts with pulses which can 
readily be amplified and detected. 

The G -M tube operates at a 
higher voltage than is required for 
the ionization chamber and in some 
of our early measurements we in- 
cluded batteries in the logging 
chamber. We also started using 
two counter tubes with separate 
circuits to get more data in a given 
time interval. The two tubes were 
placed within a common protec- 
tive chamber, the top one being 
hereafter called the "Upper 
Counter" and the bottom one being 
called the "Lower Counter." No 
amplifier tubes were used down 
in the well in this setup. Each 
counter tube was coupled to the 
high impedance side of a line 
transformer, which was connected 
through a cable to an input trans- 
former at the surface. This trans- 
former fed into an amplifier. The 
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FIG. 1-Comparison of gamma -ray (two lower curves) and electrical logs made 
in an uncased well 

primary of the line transformer 
was a poor match for the exceed- 
ingly high impedance of the counter 
tube circuit; however, the pulses 
could be sufficiently amplified at 
the surface to compensate for 
losses. The final measurement was 
made with a thyratron -controlled 
frequency meter. 

In these measurements one of 
the biggest problems results from 

the random nature of the radioac- 
tive processes. The measured "fre- 
quency" is a fluctuating quantity, 
which must be averaged out over 
as long a time interval as is con- 
venient. Thus a fairly large RC 
product must be used in the tank 
circuit of the frequency meter. 
On the other hand, a large value of 
RC gives a slow response to sudden 
changes. A compromise therefore, 
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FIG. 2-Comparison of electrical logs in an uncased well with 

gamma -ray logs made in same well after casing 

must be made between the desired 
smooth, average curve and the abil- 
ity to detect sudden changes in 
radioactivity. The larger the RC 

used, the slower must the device 
be moved to pick up the changes in 

radioactivity. However, since the 
section to be logged in a well is 

often very long, the speed of log- 

ging must not be too low. 

We found that with an RC time 
constant of about 12 the logging 
could be carried out at a speed of 
the order of 25 feet per minute. 
The frequency of pulses from a 
counter tube was of the order of 
5 per second. The copper anode of 
the counter tube was 18 inches 
long and 2* inches in diameter and 
was sealed in glass. In the two - 
tube setup tubes were mounted 
within a piece of drill -pipe three 
and a half inches in outside di- 
ameter. 

Electrical -Electronic Log Comparisons 

Figure 1 shows a comparison of 
gamma -ray logs and electrical logs. 
The Upper Counter curve was 
recorded with a more sensitive 
galvanometer than the Lower 
Counter curve. Although some of 
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the variations are merely statisti- 
cal it will be noticed that upper 
water sands, which show up well 
on the electrical potential curve 
between 4800 and 5100 feet in 
depth, also appear with good cor- 
relation on the gamma -ray curves 
as radioactive lows. The shale sec- 
tion intervening between water 
sands and oil -gas sands starting at 
a depth of 5800 feet is seen to be 
high in radioactivity. 

As the signal-to-noise ratio was 
not sufficiently high with the two - 
tube circuit, especially in wells 
cased with pipe, one counter tube 
was removed and a stage of ampli- 
fication was added in the detecting 
chamber. Figure 2 shows a com- 
parison between repeat runs of 
such a counter in a cased well and 
of the electrical log made before 
the well was cased. The correlation 
between large changes is quite ob- 
vious in the various logs. The 
presence of statistical variations 
in the gamma -ray curves is evi- 
dent also. 

Figure 3 shows the electrical logs 
made in the producing section of 
a well, the gama -ray log made be- 
fore the well was cased and the 
gamma -ray log made after the well 
was cased. The gama -ray logs were 
made at a low logging speed, with 
a large RC time constant in the 
tank circuit of the frequency 
meter. 

It so happens that when the well 
was cased the casing was provided 
from the surface down to 4305 feet 
and then ceased. This provides ad- 
ditional data. It will be noticed 
that beginning at this point in 
depth there is a tendency toward 
lower radioactivities of the gamma - 
ray curve made inside the casing, 
due to the absorption effects of the 
casing. Also it will be noticed that 
there is a discrepancy of about 
two feet in depth measurements 
on the two gamma -ray curves. It 
is quite important to be able to 
define the sands accurately in this 
manner. Although substantial er- 
rors may be made in measurements 
from the surface, quite accurate 
measurements can be made from 
the bottom of the hole, for ex- 
ample. Errors in the driller's 
measurements can thus be detected. 

In more recent work the prin- 
cipal changes made in the equip- 
ment have been those of adapting 
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the technique to commercial logging 
equipment. For example, cable hav- 
ing a single conductor, insulated 
in a steel sheath, (used extensively 
in making electrical logs) is em- 
ployed instead of the multi -con- 
ductor cable used in our experi- 
mental truck. Various circuits have 
been tried in which power is fed 
down the cable from the surface to 
the vacuum -tube in the chamber at 
the same time as pulses are trans- 
mitted up to the surface. 

Radioactive Cement Measurements 

An interesting application of the 
gamma -ray logging technique has 
been the tracing in oil wells of 
cement which has been made 
radioactive by addition of carnotite 
ore. 

In present-day drilling practice 
all casing is set in cement in the 
well. The cement is pumped down 
the pipe and up between the wall 
of the hole and the pipe. Cement 
is easily detected by running a 
temperature curve in the well while 
the process of setting the cement 
is still proceeding, due to the heat 

developed. Figure 4 shows a com- 
parison of temperature and gamma - 
ray measurements made in a well 
in which the top of the cement 
is shown to be between 5300 and 
5400 feet in depth. Only the first 
batch of cement was treated with 
carnotite and it will be noticed 
that the radioactivity falls off be- 
low the sharp break at the top of 
the cement as the carnotite be- 
comes more dilute at the greater 
depths. 

The temperature measurement 
method is satisfactory for such 
work but there is another cement- 
ing process in which the tempera- 
ture method is not often readily 
applicable. This is the so-called 
"squeeze job", in which the ce- 
ment is forced out under great 
pressure through holes made in the 
casing made by bullets fired from 
a gun. Very often new cement is 
squeezed out behind old cement, 
so that the heating effects are not 
easily detected. Furthermore, a-hºn 
the cement on the inside of the 
pipe is drilled out, circulating mud 

(Continued on page 286) 
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Impedance -Combining 
Timed tests indicate that impedance combined in series or parallel may be computed sev- 

eral times faster with the accompanying chart than with a vector slide rule 

r 
CjOMPUTATION of a -c circuits in- 

volving complex parallel im- 
pedances has always been a labori- 
ous process. The usual methods are 
slow and involve so many steps that 
errors and mistakes are altogether 
too common. Lacking the necessary 
time for computing and checking, 
a designer may resort to cut -and - 
try methods or add unnecessary 
circuit elements to insure the de- 
sired characteristics without the 
necessity of making the calcula- 
tions. 

The graphical method presented 
here is fast and accurate under all 
conditions, and is applicable to 
series as well as parallel combina- 
tions of impedances. In several 
timed tests it was found to be about 
two and one-half times as fast as a 
vector slide rule on parallel combi- 
nations, and faster by a narrower 
margin on series combinations. A 
common slide rule was found to be 
slightly slower than the vector type. 
The new method is of value in solv- 
ing many other problems, electrical 
and otherwise, involving vectors or 
triangles. 

All that is required for the 
method is the chart in Fig. 1, a 
slide rule, and pencil and paper to 
tabulate results. The chart is de- 
signed so that its accuracy is better 
than practical considerations nor- 
mally require, regardless of the im- 
pedance values. This has been 
acchiéved by a fortunate choice of 
parameters and coordinates that 
prevent crowded values in some 
parts of the chart and unnecessarily 
expanded values in others. Im- 
pedance values are kept in polar 
form. This avoids the need of re- 
peatedly converting impedance from 
one form to another, and also allows 
multiplication and division to be 
performed readily in solving corn- 

plex-number equations of some of 
the more involved types of circuits 
(such as bridges) not solvable sim- 
ply by combining impedances suc- 
cessively in series or in parallel. 

Dual Application 

The combining of series and 
parallel data on one chart is based 
on the selection of a parameter N 
which applies to both cases as 
shown below : 

Z.=Z-}-z (1) 

Z z Zz 
Z {- z Z. 

in which z is the smaller given 
impedance 

Z is the larger given 
impedance 

Z. is the series combi- 
nation of Z and z 

Z, is the parallel combi- 
nation of Z and z 

Let us now define a complex num- 
ber N equal to Z,/Z, making 

Z, = ZN (3) 
It then follows that 

Z, = Zz/ZN = z/N (4) 

Thus we have a number N which 
relates the series or parallel im- 
pedance combination very simply 
to the larger or smaller given im- 
pedance. It is for determining this 
value N that we use the chart. The 
entire principle of the graphic so- 

lution is based upon this operation. 
Substituting Eq. (3) in Eq. (1) 

gives 

N = Z +1 (5) 

Since N is a complex number, we 
may express it in polar form and 
call its angle R. If the given im- 
pedance vectors are also expressed 
in polar form, the determination of 
their series or parallel combination 
is a matter of multiplying or divid- 
ing one of the given impedances by 
N and adding or subtracting ß from 
its angle. N and its angle (3 depend 
on z/Z, as Eq. (5) shows. The ratio 
z/Z of the given impedances is an- 
other complex quantity, having an 
angle a which is simply the angular 
difference between the given im- 
pedance vectors. N and R are .de- 
termined simultaneously from the 
chart by applying the values of z/Z 
and a, which will be found along 
the axes of ordinates and abscissas. 

Method of Using Chart 

In using the chart, it follows 
from Eq. (3) and (4) that the N 
and ß values are referred to a refer- 
ence impedance Z in series combi- 
nations, and to a reference imped- 
ance z in parallel combinations. 
The angle R taken from the chart 
may add to the reference imped- 

FIG. 1-Impedance-combining chart for solving complex networks. 
Procedure for use: 1. Divide the smaller impedance value z by 
the larger impedance value Z to get z/Z; 2. Find the difference 
angle a between the given impedance vectors z and Z: 3. Apply 
these values of z/Z and a to the above chart to get the values of 
N and ß; 4. If combining impedance in series, multiply N by Z to 
get Z and add or subtract ß from the angle of Z (so the resultant 
lies between the given vectors) to get the angle of the resultant 
impedance; 5. If combining impedances in parallel, divide z by N 
to get Z,,, and add or subtract ß from the angle of z (so the 
resultant lies between the given vectors) to get the angle of the 

resultant impedance 
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Chart .... 
By GARY MUFFLY 

au if Research & Development Co., 
Pittsburgh, Penna. 
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ance (either Z or z) in some cases 
and subtract from it in others, in 
determining the angle of the re- 
sultant. Since the sign of this an- 
gle depends on several other signs, 
it is best to ignore the signs of all 
angles and insert the proper sign 
for ß at the last moment. This is 
easily done by inspection, simply 
remembering that the resultant 
must lie between the given vectors, 
and taking ß in the proper direction 
from the reference impedance to 
satisfy this rule. 

It will be seen that the abscissa 
and ordinate scales of the chart are 
expanded arbitrarily to enlarge the 
upper -right corner, and make the 
curves become nearly polar in form 
at the corner. This part of the chart 
corresponds to resonant conditions. 
When N drops to 0.05 or there- 
about, and the corresponding cir- 
cuit Q becomes about 20, the circuit 
may be computed to better.advant- 
age by standard methods of ap- 
proximation, which become very 
accurate in this region, while the 
accuracy of the chart falls off. 

The N values on the chart are 
plotted with solid lines and the 
ß lines are broken. The lines are 
also weighted so that an experienced 
computer learns to find the desired 
coordinates with a minimum 
amount of eye work. 

Vector Relations 

Before proceeding with the ex- 
amples below, it may be of inter- 
est to consider a method of com- 
bining impedances by geometric 
construction. This will help in 
visualizing the steps taken in the 
chart method. Figure 2 illustrates 
the relationship between the series 

and parallel combinations of two 
given impedances. It also 'includes 
lines for solution by geometric 
construction. This type of method 
is of little or no practical value 
for quantitative results, but is 
often helpful in analyzing the ef- 
fect of combining impedances. 

In Fig. 2, Z. is obtained by the 
well-known method of completing 
a parallelogram. From Eq. (2), 
Z,/z = Z/Z,. By laying off the 
length of z on Z drawing BC 
parallel with the original z, and 
completing the construction shown 
(remembering that ß is a common 
angle between Z,, and z as well as 
between Z and Z,), the validity of 
this construction in satisfying Eq. 
(2) is evident from the similar 
triangles thus formed. That the an- 
gles ß are equal follows from Eq. 
(2) as given immediately above. 
Since this is a complex -number 
equation, the angular relationships 
of Z, to z and of Z to Z, must be 
equal. 

Examples 

The examples below should help 
in learning to use the chart and in 
tabulating the resulting circuit 
data efficiently. 

Example I: What are the series 
and parallel impedance combina- 
tions of a resistance of 30 ohms 
and a capacitive reactance of 40 
ohms? 

The given impedances may be 
written: z = 30 L0°, Z = 40 L-90°. 
By division and subtraction, z/Z = 
0.75, and a = 90°. From the corre- 
sponding point on the chart, N = 
1.25, and ß = 37°. The resultants 
are determined as follows : Z, _ 
N Z = 1.25 x 40 L-90° + 37° = 

FIG. 2 - Geometric 
method of combin- 
ing two impedances 
in series or parallel 

50 L-53° ; Z, = z/N = 30/1.25 LO° - 37° = 24 L-37°. 
The solution would ordinarily be 

abbreviated as follows, using num- 
bers or letters in parentheses in the 
text (corresponding numbers on 
diagrams are encircled) to identify 
the four impedances: 

Solution: Explanation: 
(1) 30 LO This is z 

(2) 40 Z - 90 This is Z 

0.75, 90 z/Z=30/40 = 0.75; a=0-(-90)=90 
1.25, 37 Get N and ß from Chart 

(s) 50 Z- 53 Z, = NZ 
(p) 24 L-37 Z, = z/N 

It should be recalled here that 
the angle ß (37 degrees here) is 
sometimes added to, and sometimes 
subtracted from the reference im- 
pedance to get a resultant lying 
between the given angles. Thus, 
37° from -90° toward 0° gives 
-53° for the series combination 
above, and the same 37° taken 
from 0° toward -90° gives -37° 
for the parallel combination. 

Example II: Determine E2/E, 
for the circuit of Fig. 3 at fre- 
quencies of 250, 800, 1,000 and 2,- 
000 cps. 

The first step is to number all 
the impedances and their combined 
values, preferably in the order in 
which they will appear in the solu- 
tion. Thus, impedance (1) of 
Fig. 3 combines with (2) in par- 
allel to get (3), which in turn com- 
bines in series with (4) to get 
(5), the input impedance. Next, 
the given impedances for the pro- 
posed frequencies of solution are 
computed and entered in the in- 
complete table shown directly un- 
der the circuit diagram. The val- 
ues may be kept in thousands of 
ohms or megohms, to avoid carry- 
ing unnecessary digits through the 
tabulation. The p and s at the left 
are to remind us whether parallel 
or series combination is to be made. 
Blank spaces are left for the chart 
parameters and the unknown im- 
pedances. These are filled in by 
the method of Example I in a sys- 
tematic manner, preferably carry- 
ing the slide rule or chart work as 
far as possible at one time to avoid 
switching back and forth more 
than necessary. 

The tabulation as completely 
filled in at the bottom of Fig. 3 

provides for easy checking and 
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FIG. 3 -Circuit for Example II in text, and tabu- 
lated solution for four different frequencies. Im- 
pedances are numbered in the order of their ap- 

pearance in the solution 
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FIG. 4 -Original circuit and steps in simplifying it for Example III in text, with 
complete tabulated solution for two different frequencies. An orderly com- 
pilation of data minimizes changes of mistakes and permits checking any part 

of the work quickly. Impedances are numbered for the same reason 

contains complete data that can be 
used to compute any of the relative 
phases or amplitudes within the 
circuit. This form of tabulation is 
not an essential part of the method, 
but it is a systematic trouble saver 
that keeps things running 
smoothly. 

Example III: Solve the par- 
allel -T circuit of Fig. 4A for val- 
ues of E_,/EI at 1.000 cycles and at 
1,250 cycles. 

In the first step, the two T -sec- 
tions in Fig. 4A are transformed 
to a sections as in Fig. 4B, using 
the standard equations for this 
purpose as shown, but doing the 
vector addition by means of the 
chart. In the second step the re- 
sulting equivalent impedances are 
combined in parallel as in Fig. 4C. 
Impedances (11), (12) and (13) 

in Fig. 4B and 4C do not enter into 
the solution, and so are not eval- 
uated. 

In the tabulated solution in Fig. 
4D, some of the equivalent im- 
pedances have the unusual angles 
of more than plus or minus 90 de- 
grees. This means that they must 
contain negative resistance to sub- 
stitute successfully for the actual 
circuit elements. This does not af- 
fect the method of solution, how- 
ever. 

When two impedances are equal 
in absolute value but 180 degrees 
apart they combine to form a per- 
fect steady-state resonant cir- 
cuit whether they are pure react- 
ances, pure positive and negative re- 
sistances, or combined quantities. 
This is nicely illustrated in the 
solution of Fig. 4 for 1,000 cycles. 

Impedances (5) and (6) combine 
in perfect parallel resonance to 
give an infinite impedance, (9). 
The succeeding impedances were 
left uncomputed for 1,000 cycles 
since the attenuation is obviously 
infinite at this frequency. 

This effect of resonance has no 
physical reality since the equivalent 
impedances are merely values on 
paper. What is happening is that 
the circuit is bridge -like in nature 
and is operating at the balance fre- 
quency, where transmission through 
one of the T -sections is equal and 
opposite to the transmission 
through the other T -section. This 
circuit is described by H. H. Scott 
in "A New Type of Selective Cir- 
cuit and Some Applications", Pro- 
ceedings of I. R. E., p. 226-235, 
Feb., 1938. 
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Fig. 3.1-The MV can be synchronized 
by a negative pulse in the grid circuit 

of the tubes 

o 

ECG] 

kzEbb 

Time in Units of s Ni -2 N, 

TS= i a 

--Natural period 
of the MV 

MV trips when 
pu/se ends 

The amplitude of the The synchronizing pu/se 
negative pu/se must prevents the MV from 
be at /east os large tripping during this 
as the change in Ea/ time. The natural period 
during oli. This must be within this 
insures that the MV range so Thal the MV 
cannot trip of its will trip of the end of 
own accord in the the pu/se 
duration of the 
synchronizing pu/se 

The MULTIVIBRATOR 
INpart one of this paper, which 

appeared in the January 1944 
issue of ELECTRONICS, it was shown 
that if 

CAl (Rcz + 
dl Rol 

Rat R) 52 (1.9) 

and if J 
CAz t R,i I RcRzd+ Rit/ < 5 (1.9) 

then the natural period of the mul- 
tivibrator is defined by 

m v = T1 + Tz = 
1 

T log. (k2 µ..i) + 
ah 

1 log. (k1 µ..z) (1.7) 
a, 

where Ti = N,T, = portion of the 
MV period contributed by section 
1, i.e., the non -conducting time of 
V1, and T_ is the non -conducting 
time of V,_,. 

It was shown in the February 
1944 issue of ELECTRONICS that if 
T,,/T1 is the ratio of the controlled 
T1, which is equal to N,/f to the 
natural Ti, which by Eq. (1.7) is 
CA,R1log, (k4µ,.1), then the ratio 
T1/l 1 = N1/f,C, Rllog. (k1µ..1) can 
-if the MV is properly designed- 
be permitted to increase to N1/f,CAI 
R1 (1 - sd1)log.(k"µ,o1) and to de- 
crease to N1/f ,CAiR1 (1 + (3t1) log, 
(k"µ,.1) as long as (2.8) is satisfied. 

r 1+8,1] N1 (2.8) 1-Sal N,-1 
For the three special cases aal = 
Stl = sll = 0 and Sal = 0, (2.8) 
reduces to (2.8) a, b and e re- 
spectively. 

Applied Theory 
Synchronization of only one tube, variations in ampli- 

tude of the synchronizing pulse, and effects of ripple 
and feedback voltages in the power supply are consid- 

ered in this concluding article 

(2.8a) óat=+i <2N1 - 1 

Sal< 
Ñ1 

(2.8b) 

3,1 < (2.8e) N,-1 
When synchronizing pulses of 

negative polarity are used, the nat- 
ural frequency of the MV must be 
greater than the frequency at which 
it is to be controlled. As indicated 
in Fig. 3.1, the synchronizing 
pulse then prevents the tube from 
conducting at the time determined 
by the natural period of the circuit. 
The MV is not permitted to trip 
until the end of the synchronizing 
pulse." 

This method of synchronizing is 
not essentially different from the 

1, This is in direct contrast to the case 
of positive synchronizing pulses where the 
natural frequency must be less than the 
controlled frequency and the MV trips on 
the front edge of the synchronizing pulse. 

case for positive synchronizing 
pulses. For example, visualize the 
synchronizing pulses of Fig. 3.1 as 
growing constantly wider (cr - 1) 
until the negative pulse occupies 
essentially the entire period of the 
synchronizing wave. This condi- 
tion is readily seen to be the equiv- 
alent of a larger CAR product or a 
larger value of kEbb, and positive 
synchronizing pulses of extremely 
short time duration. It is, there- 
fore, apparent that the variations 
permissible in the time constants 
can be calculated by considering 
the synchronizing pulses as posi- 
tive and of a duration equal to the 
zero voltage portion of the syn- 
chronizing wave. 

It can be seen from Fig. 3.1 that 
the percent variations permissible 
in the time constant are propor- 
tional to the duration (Q T.) of the 
synchronizing pulse. For the case 
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nd Design Part2III 
illustrated, the natural period oc- 
curs at the center of the synchro- 
nizing pulse. Therefore, equal posi- 
tive and negative variations from 
the nominal Ch,R product are per- 
missible. The magnitude of these 
allowable variations, expressed as a 
fraction of the original Ch,R,, is 

cr T,/2 
N, T,-crT2./ 2N1-o 

This result corresponds with Eq. 
(2.8a) for v = 1 and with Eq. 
(2.82a) of Appendix II. o- in Fig. 
3.1 corresponds to (1-o-) in Fig. 
2.31 of Appendix II. 

Fig. 3.2-Synchronizing voltage sup- 
plied to only one tube. Since T, must 
remain constant, the ratio T_/T, will 
vary with changes in the characteristics 
of the uncontrolled section. It is not 
necessary that k,Ebb = k_Ebb as it does 

in this figure 

If the synchronizing voltage is 
applied to only one tube of the MV, 
say V1, then the value of N, is a 
function of V2, C,2R2, and RL2. The 
reason for this is that since no 
synchronizing voltage is applied to 
V2, the time T2 depends entirely 
upon the values of the còmponents 
in that section of the circuit. There- 
fore, T2 is subject to variation with 
changes in temperature and humid- 
ity as well as with replacement of 
V2. If the period of the MV is to 
be maintained constant under these 
conditions, the portion T, of the 

MV period must increase or de- 
crease by whatever amounts T2 de- 
creases or increases. 

In the preceding work on syn- 
chronized multivibrators, T, and 
T2 have been treated as constants, 
which they are when synchroniz- 
ing voltage is supplied to both 
tubes. Quantitative information 
was derived concerning variations 
that could be tolerated in the time 
constants for various fixed orders 
of division. However, in the case 
where the synchronizing voltage is 
supplied to only one tube, V, for 
example, the variations that can be 
permitted in the value of Ch,R, be- 
come a function of the variations 
in Ch2R2. 

Figure 3.2 is a plot of the grid 
voltages of a MV in which only V, 
is synchronized. For the case il- 
lustrated, the waveshape is nor- 
mally symmetrical, i.e., T, = T2. 

The solid curves indicate the grid 
voltages for the symmetrical condi- 
tion. V, and its associated circuits 
are dividing by 3. The overall di- 
vision is 6. If T2 remains constant, 
the percentage variations that can 

1.15 
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Fig. 4.1-Value of N, fC1,R, that maximizes ßa, or ßt, as a 
function of S and ô,,,. Multiply the ordinate by N,/(N,-1) 

to obtain N,/f,Ch,R, for the ßi, curve 

Fig. 4.2-Maximum number of volts increase and decrease 
permissible in the amplitude of the synchronizing pulse vs. 

n, and 5,,. The maximizing values of Fig. 4.1 were used 
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TABLE III 

Total 
.\-; Na .N1/ N2 óa, = ó:, ó1.2 Sal -a Range 

4 1.5 2.5 0.60 50 15.5 12.2 27.7 
4 2 2 1 33.3 15.3 13. 28.3 
4 2.5 1.5 1.67 25 15. 13.4 28.4 

6 2 4 0.50 33.3 9.5 8.3 17.8 
6 3 3 1 20 9.6 8.6 18.2 
6 4 2 2 14.3 9.2 8.6 17.8 

10 2 8 0.25 33.3 5.4 5 10.4 
10 5 5 1 11.1 5.6 5 10.6 
10 8 2 4 6.7 5.1 5.3 10.4 

Some typical calculations based upon Eq. (3.9a) and (3.10a). 
Na, r = N, + Na = the overall order of division of the multi - 
vibrator. The values in the last four columns are in percent. 

be allowed in Ck,R, are determined 
by (2.8) through (2.8c). However, 
if T. changes, then the percent 
variations that can be tolerated in 
C,,,R, are altered. Assume T. in- 
creases to T,(1 + S,T,). This condi- 
tion is illustrated by the dashed 
curve of Ea,. V, is delayed S,T,T, 
seconds in becoming non -conduct- 
ing. The synchronizing pulses con- 
tinue to occur at the same values of 
time as before T. increased. There- 
fore, each pulse occurs at a value of 
Ea, which is more negative than it 
was in the original case. As a re- 
sult, the pulse does not raise the 
grid voltage to as high a value as 
it did before the increase in T,. It 
is apparent from Fig. 3.2 that an 
increase in T, has an effect in the 
grid circuit of V, which is similar 
to the effect of an increase in 

As indicated in the figure, the 
dashed line curve of Ea, is a plot 
of 

Ea = -k, Ebb exp 

C_t-T,(1+5:14) :»sG+a:r,) (3.1) Cu R, 

To obtain this same effect on the 
basis of an equivalent increase in 
CA,R the equation becomes 

Ea, _ -h, E» exp 
t - T, 

11 

CL, R, (1 + I>T, (3.2) 

If these two equations are to have 
the same value at the occurrence of 
the pulse that synchronizes the MV 
(the 3rd pulse in Fig. 3.2), i.e., at 
t = Ty,, the exponentials of Eq. 
(3.1) and (3.2) must be equal for 
t 

Tyr -T, (1 + ó:r,) _ Tyr -T, 
C., R, C.,R, (1 + 

S:Ta T, 
(3.3) ó,'., 

7 y r- T, - SrTa T, 

Lan =Tl -T')(1) + 1 

Since Tyr - T. = T Eq. (3.3) can 
be written 

1 
Óil.v = 

( Ta ) ( 
8i171) 

- 
1 

Similarly, if T, decreases to T,(1- 
347'2) , the equivalent decrease in 
C,,,R, based upon the two curves 
having the same value at time equal 
Tyr - T which is the point at 
which the (Ny, - 1)th pulse 
threatens to trip the MV, is 

1 
Oa" 

. (3.5) 
7'3a - T. 1aa: 

T, ) (ó)+1 
On the assumption that the entire 
increase or decrease in T, results 
from variations in the time con- 
stant C,R,, S,T, and SaT, in Eqs. 
(3.4) and (3.5) can be replaced by 
S and Sa, respectively. 

Sc., = 

(T,)(óe)- 1 

1 (3.7) 

(3.6) 

From these equations it can be 
seen that a given percentage change 
in C,,,R, may be equivalent to either 
a smaller or a larger percentage 
change in C,,R,, depending upon the 
original ratio of T,/T,. 

If 3 is the percentage increase 
permissible in C,,R, as obtained 
from (2.8), then 

Sa = Sao/ + öa. (3.8) 

where S,,,, = The equivalent per- 
centage increase in 
C,,,R, which results 
from S percent in- 
crease in C,,R,. 

3a = The actual percentage 
increase in 

The components associated with 
V, and V. in a given MV usually 
have approximately the same tem- 
perature coefficients. Therefore, it 
is desirable to design the MV to 
permit equal variations in the two 
time constants. 

Let óa. = Se. = Sg''2. Substituting (3.6) 
into (3.8), 

5,1 = 
(T, 

11 + 5;-2. 

\Ta) (i 1 

Solving for 51-', 

S1-4=131 (8a+,IT-,-I-1)- 

(Sa+T'+1)a -4óT T, 

(3.4) By a similar development 

l öai-2=L(óal-T1T=T. 1) 

(3.9) 

+11(óaT,-,T. 1)º 

4 óa, 
(T, 

T-' J 
T. ). 

(3.10) 

These equations may be written in terms of 
the orders of division of the tubes. 

81-2=[(3n+N;+1) 

-11(óa+N;+`-4SaÑ'J 

541-2 = } [(óa NZ 1 - 1) 

(3.9e) 

+/(óa - N'Na 1 
if 

+ 4óa (N'1V, 
1)] 

(3.101) 

The value of 54, óa and N, must satisfy 
(2.8). If the MV waveshape is normally 
symmetrical, i.e., N, = N, = N and if Ca = 
Se = 51_,, then by (2.8a) 1/(2N - 1) can 
be substituted for Sa and S. Making these 
substitutions in Eq. (3.9a) and simplifying 
the result gives 

0.50 
15 

r12 2N-1 [4N - 1 - 
-V 16N (N - 1) + 5] (3.11) 

For N equal to 1.5, 2, 3 and 10 the bracketed 
term has values of 0.88, 0.92, 0.96 and 1 

respectively. Hence, as N increases Si' ' 
-s 0.50/(2N - 1) which is half the value 
given by (2.8e) for the case of both tubes 
synchronized. 

Equation (3.12) is the result of 
introducing the previously outlined 
substitutions into Eq. (3.10a). 

8a1-2 = 0.50 r 1 

2N - 1 L N 
1(4N-1)(N-1)l'+4N (N -1)(2N-1) (4N-1)(N-1) (3.12) 

N 
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For N equal to 1.5, 2, 5 and 10 
the bracketed term has values of 
0.69, 0.78, 0.92 and 1 respectively. 
Therefore, as N increases ad"' --* 
0.50/ (2N - 1) which is also half 
the value given by (2.8a). Conse- 
quently, it is noted that if an MV in 
which only one tube is synchro- 
nized is arranged to provide a nor- 
mally symmetrical waveshape and 
the controlled section is designed 
according to the methods outlined 
earlier in this paper so as to allow 
equal increases and decreases from 
the nominal value of its time con- 
stant circuit, then approximately 
equal increases and decreases will 
be tolerable in both time constant 
circuits of the MV. The magnitude 
of these tolerable variations in the 
individual time constant circuits is 
approximately half that which 
would be allowable if both tubes 
were controlled. For a given No, 
the ratio of N1 to Nº has negligible 
effect upon the values of 5,1-' and 
Sd'-2. Several examples are tabulated 
in Table III. To a very good ap- 
proximation, (2.8) a, b and c can 
be used in the case of one tube 
synchronized, if No, Sal=' and S,L' 
are substituted for N, Sa and S,. For 
a constant synchronizing fre- 
quency, Sd'=' and 3,'=2 are the allow- 
able variations from the nominal 
time constant values; or, for given 
time constants, Sd'=z and S,'=' are the 
permissible variatons in the fre- 
quency of the synchronizing volt- 
age supplied to the controlled tube. 
A change in the frequency of the 
synchronizing voltage changes the 
order of division of the uncon- 
trolled section just as effectively 
as though f, had remained constant 
and the value of the time constant 
had changed. 

Variations in Amplitude of 
Synchronizing Pulse 

The variations permissible in the 
time constants, the synchronizing 
frequency, and k2µ,,, were devel- 
oped on the basis of a constant am- 
plitude pulse of synchronizing volt- 
age. It is desirable to know what 
variations can be tolerated in the 
magnitude of the synchronizing 
pulses, assuming no variation from 
the nominal values of C,1Ri, f. or 
kºµ,.1. The MV design provides a 
value for E = A1E,,, that satis- 
fies 

1+A1 - N, 
11 2.6 exp 

(1 + Sn)J ( 
) 

A, in this equation is sufficiently 
large to insure synchronization on 
the N1th pulse, even though f ,C,1R, 
should increase to f ,C,,,R1(1 -{- S,1) . 

If it is assumed that once the MV 
circuit is built and adjusted, no in- 
crease will take place in f, or in 
the time constant circuit, i.e., S = 
0, A, in Eq. (2.6) can decrease by 
the amount ßdi where ,ß,A1 has a 
value that satisfies 

1+A,- 
expßnA,-[ 

kt µ,.1 

- N, 
f. C., R, 

(4.1) 

and ßdi is the maximum fractional 
decrease in E,1 that can be toler- 
ated, if the order of division is to 
be maintained at N,. Subtracting 
(4.1) from (2.6) gives the allow- 
able decrease in A, 

On Ai = kt µ,., exp[ 
f. CA, R -1711 

r1 

(1 + 
Sa)Jl - P Lf. CNR,J 

OaAi_If&E., -N, 
k' 1+..1 kk E,., RI (1 + Sa) 

r - N, 
- exp [ C, R, 

(4.2) 

From this equation, it is noted 
that the amount of decrease that 
can be permitted in E is a func- 
tion of the amount of increase orig- 
inally allowed for in the value of 
f,CR,. For given values of k2µ,,, 

and 5,,, there is an optimum value 
of N,/f,CR, that will maximize 
ßa1A1. This value can be found by 
differentiating (4.2) with respect 
to N,/f,Ck1R, and equating the re- 
sult to zero. 

d 09 A,)ld \f C, R, /- k 1+ aa - 
exPCf.CR,(1+óa)J11 +expLfC,R, 

=0 

Simplifying gives 

N, _¡1+ö 
/log.(1+bd). (4.3) 

f. 

Equation (4.3) is plotted in Fig. 
4.1. If a MV is designed to allow 
a maximum of S increase from the 
nominal value of f.C,,,R,, then the 
value of Ni/ f,CR, as given by Eq. 
(4.3) or Fig. 4.1 will permit the 
greatest number of volts (not per- 
centage) decrease in E,1. Figure 
4.2 is a plot of Eq. (4.2) using the 
optimum value of N,/f,C,,R, given 
by Eq. (4.3) for each value of St, 

employed. Therefore, the ßa, curve 
in Fig. 4.2 gives the maximum de- 
crease in volts that can be tolerated 
for a given Si, allowed for in the 
MV design. (S is related to N, by 
(2.8 a, b and c.) This maximum 

1D Selection of a tube type for Vº, its 
plate load resistor and Sa, fixes a maximum 
value for N,/f,Ca1Ri equal to (1-6ai)log. 
(kº/,..i). Consequently, the value of 
Ni/f,CsiR, recommended by Eq. (4.3) can 
be used only if it is equal to or less than 
this maximum. This usually is the case. 

Fig. 4.3-Increase and decrease permissible in the amplitude of the synchronizing 
pulse for various orders of division as a function of N,f,C,iR,. These curves are 

applicable only in the special case of Sd1=S=1/(2N-1) 
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decrease in E,1 will be tolerable 
only if the value of Ni/ fXing. 
given by Eq. (4.3) or Fig. 4.1 is 
used. For any other value, the per- 
missible decrease in E will be less. 
This effect is illustrated in Fig. 
4.3 where ßd,E,l/k, bb is plotted as 
a function of N,/f,C,1R1 for the 
special, but very useful, case of 
Sd, = 861 = 1/(2N, - 1). This figure 
indicates that the value of N1/ 
f ,C,1R1 is not critical, because all of 
the curves are quite flat around the 
maxima. While all of the curves 
plotted in Fig. 4.3 are for integral 
values of N it will be recalled that 
Ni is not limited to integral val- 
ues, although the overall order of 
division (N1 + N2) of the MV must 
be an integer. 

Equations (2.4), (4.5) and (4.6) 
apply to an increase in E,1 in the 
same way that Eq. (2.6), (4.2) and 
(4.3) apply to a decrease in E,,. 

1KAl = exp 
Lf. Cbl (R (1 

NI -)Shc)J 
(2.4 

ßat11_ßnE.1_ (N1-1)1 
Ics µ, kæ Ebb 

r- 
exp 

f. Cbl R1 J 
- exp 

L 
- (N1 - 1) 

J 
(4.5) 

N1 

f. C,1 Rl 

f. C,1 R1 (1 - Sal) 

1-Sd,l¡ NI )loge 
8,11 Nl-1 

1 (4.6) 1-Sá1 
Equations (4.6) and (4.5) are 

plotted in Figs. 4.1 and 4.2 re- 
spectively. From Fig. 4.2 it can be 
seen that if the MV is designed to 
permit equal percentage increases 
and decreases from the nominal 
value of f,C,1R1, i.e., Shc = S, then 
a greater increase than decrease 
will be tolerable in E,,. Because the 
MV design (see Part II) provides 
identical values for N1/(1 + S) 
and (N1 - 1)/(1 - 8d1) through 
Eq. (2.8), the sum of ßd,E and 
ß,,E,,, as given by Eq. (4.2) and 
(4.5) respectively, is always equal 
to the change in the exponential 
component of Ed1 between the (Ni - 
1)th and the N1th synchronizing 
pulses. 

Use of Figures 4.1, 4.2 and 4.3 

In Example III, Part II of this 
paper, N1 = 7, 3d1 = S,, (hence 
Fig. 4.3 applies), N1/f,CR1 = 1.62, 
k2Ebb = 129 volts and E1 = 14.4 
volts. Although Ni = 7 is not 
plotted in Fig. 4.3, the value of 
ßí1E/k2Ebb can be estimated at 
0.028. Then ß1,E = 0.028 x 129 = 

3.51 volts, i.e., the amplitude of the 
synchronizing pulse can decrease 
3.51 volts (25 percent) and the 
order of division will remain at 
7. From Fig. 4.2, the maximum 
value of ß,1E/k2Ebb that can be 
tolerated for Sd, equal 7.7 percent 
is 0.030. Reading Fig. 4.1 for Shc 

equal 7.7 percent, the maximum 
value of ß1,E,1/k2Ebb occurs for 
N1/f,C,1R1 equal to 0.96N1/ (N1 - 
1) = 0.96 X 7/6 = 1.12. This can 
be checked in Fig. 4.3. 

For section 1 of the MV de- 
signed in Example IV, N, = 3.2, 
Sd, = 21 percent and S = 15 per - 

The first term in the numerator 
is identical to the first term in the 
denominator. It is apparent from 
a consideration of the problem, that 
the maximum value of ßd1 will be 
less than unity, i.e., a 100 percent 
decrease in the amplitude of E,1 
cannot be tolerated, unless the 
natural value of Ti is exactly equal 
to the desired contriled value. 
Hence, exp [-N1/f,C,,R,] must al- 
ways be greater than 1/4,01. This 
is always the case in a properly 
designed (positive pulse synchro- 
nized) MV [See Eq. (2.9) and the 
discussion following it in part 

0. 

0. 6 

0.4 

0.2 

0 

11 1 1 1 1 1 / 
For solid 
curves 

For dashed 

curves 
N1 7 3.2 ! krAcoi 9 13.6 

P11' j 
8i1 0. 077 0.15 

sdt 0.077 0.21 !i .I!/ 
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' 
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Fig. 4.4 -Percentage variation permissible in the amplitude of the synchronizing 
pulse as a function of N'f,C,,R, for the MV's designed in Examples III and IV 

cent. Fig. 4.3 is not applicable in 
this case (Sd1 S+,), but Fig. 4.2 
gives [ßd,E,,/k2Ebb] ,,x equal to 
0.052 and [ß{,E,1/k2Ebb] equal 
to 0.070. From Fig. 4.1, the values 
of Ni/ f,CR1 that allow these max- 
ima are 1.072 and 0.89 X 3.2/2.2 = 
1.29 respectively. Since only one 
value of N1/f can be used, 
ß1,E and ß,,E cannot be max- 
imized simultaneously. However, a 
value of about 1.2 is quite satisfac- 
tory, because the maxima are broad. 

Percentage Variation in E, 

The value of Ni/f ,CR1 given by 
Eq. (4.3) permits the greatest num- 
ber of volts decrease in E,,. It fre- 
quently is more desirable to max- 
imize the percentage decrease 
permissible in E,,. The percentage 
decrease in E,1 is 100 times the 
quotient of (4.2) by (2.6). 

Sal = 
- N1 - N1 exp[ f C,1 R1 (1 + Sn) - exp 

f. C,1 Rl 

L -1 exp N1J f. C,1 Ri (1 + S$ k2 11..1 

(4.4) 

two.] The allowable percentage de- 
crease in E,1 will increase as 
1/k2µ.1 -> exp [-N,/f,C,1R1] or, 
in another form, as N1/f,C,,R1 -+ 
log,(k,p ,1). These quantities can 
never be permitted to become 
equal; for, if they did, no de- 
crease from the nominal values 
of f, or C,1R, could be tolerated. 
As a consequence, some of the 
otherwise permissible percentage 
decrease in E,, must be sacrificed to 
allow for decreases from the nom- 
inal values of f C,1R1 and k21,,1. 

In Appendix V it is shown that the 
maximum allowable percentage de- 
crease in E,1 ordinarily obtainable 
in practice -allowing for Sd1 de- 
crease in f,CR approximates 50 
percent. Equation (4.7) gives the 
allowable percentage increase in 
E,. 

ß, = 
¡¡'- - (N1 - 1) 1 r (N1-1)1 expLf C,1 Rl (1 - Stil) 

exp 
L f C,1 Rl 

r J 

exp 

L- (NI - 1) 

J 
1 

f. C,1 R1 (1 - Shc) ki /.,,1 
(4.7) 

(Continued on page 341) 
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HARMONIC ANALYSIS 

of Overbiased Amplifiers 
Quick graphical method of determining harmonic components up to the tenth for voltage 

or current in various classes of amplifiers. Amount of distortion can thus be predicted 

IT is well known that the efñ- 
ciency of an amplifier can be 

improved by increasing its grid 
bias so that no plate current flows 
during a part of the cycle. Unfor- 
tunately considerable harmonic dis- 
tortion is introduced at the same 
time. The amount of this distor- 
tion and its distribution among the 
various harmonic frequencies de- 
pends mainly upon the fraction of 
the cycle during which the tube 
conducts and to a small extent also 
on the curvature of the character- 
istic of the tube. It is important 
that the designer of such amplifiers 
can predict what distortion is to be 
expected. 

Harmonic distortion can be com- 
puted with the assumption -that the 
tube characteristic can be approxi- 
mated by a straight line intersect- 
ing the abscissa axis at the point 
of plate current cut-off as shown in 

By ULRICH R. FURgT 

Chicago, Ill. 
Russell Electric Co., 

Fig. 1. The curves have been plotted 
from values obtained by a Fourier 
analysis of that part of a sine func- 
tion which has been shown shaded 
in Fig. 1. This portion of the func- 
tion represents the current actually 
flowing in a tube having an ideal- 
ized straight-line characteristic. If 
the coordinate system is selected so 
that the ordinate axis coincides 
with the line of symmetry, only 
cosine terms appear in our Fourier 
series: 
f (x) = An/2 + A1 cos x + A2 ros 2x + 

A3 cos 3x+ - 
where the coefficients An, A3, A2, A:, ... are not constants, but depend 
on the angle of conduction, i.e. that 
fraction of the full cycle of the sig- 

nal voltage during which the tube 
is conducting, expressed in electri- 
cal degrees. They are the peak 
values of the harmonic currents, 
expressed as a fraction of the peak 
value 1, (Fig. 1) of the current 
actually flowing through the tube. 

Mathematically these coefficients 
are expressed by the integral 

1A 
A. _ j"" f (0) cos n¢Ir d¢ 

Evaluating this integral we obtain 
2 1 

A.-r1-cos a/2[gin8-2cos2j 

1 1 
sin (n - 1) 2 

A. - nul - cos 0/2 [ n - 1 

sin n -1- 1) 21 
for n51 n+1 

where B is the angle of conduction 
(as.defined above) in radius and n 
is the order of the harmonic. For 
the first few harmonics this can be 
rewritten for greater ease in cal- 
culating as 

1 1 / e\ 
A' 2r1- cos 0/2 

(0 -0\ 

2 1 aB A$ 
3r 1 - cos 0/2 

sin 
2 

A3 3r 1 - cos 8/2 
sma 2 cos 2 = AY cos 2 

It can be seen that these coefficients 
are oscillating functions of 0, i.e. 
they assume positive and negative 
values in alternate ranges of B. 

It is desirable to have curves of 
this kind plotted in a logarithmic 
rather than in a linear scale, as the 
former permits reading all values 
with the same percent accuracy as 
compared to the absolute accuracy 

FIG. 1-Diagram illustrating the idealized 
linear amplifier characteristics on which 

the main graph in Fig. 2 is based 
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FIG. 2 --Graph illustrating the magnitude and phase of the first ten harmonics of an overbiased amplifier. The 
harmonic amplitudes are expressed in percentages of the peak current, for various conducting angles in degrees 

of a linear scale. Unfortunately, a 
logarithmic scale does not allow the 
plotting of negative values. In most 
cases, however, no distinction need 
be made between the positive and 
the negative values, so their abso- 
lute values only have been plotted. 

For the rare case that the phase 
relation of the components is im- 
portant, the symbols + and - have 
been added on the chart after the 
number designating the order of 
the harmonic. All values marked 
+ are in phase with a harmonic 
produced by a very short impulse. 

The scale on the abscissa axis has 
been so selected that the chart can 
be used for all types of amplifiers : 

Class A (0 = 360°), class AB (0 = 
360° - 180°), class B (0 - 180°) 
for high -power audio amplifiers 
and modulators, and class C (0 =- 

180° - 0°) for r -f oscillators and 
frequency multipliers. 

The following examples explain 
the use of the diagram : 

(1) A frequency quintupler 
(n = 5) shall be operated under 
such conditions that the amplitudes 
of the neighboring harmonics 
(n = 4 and n = 6) of the output 
frequency are much smaller than 
the amplitude of the output fre- 
quency. .Inspection of the chart 
shows that at 0 = 140 deg the peak 
current of the fifth harmonic is 
3.7 percent, and those of the fourth 
and sixth harmonics are respec- 
tively only 1.5 and 1.0 percent of 
the peak value of the actual current 
I,,, 

(2) The peak value of the third 
harmonic of a class C amplifier op- 
erated at 0 = 100 deg is 17 percent, 
that of the fundamental 34 percent 
and the d -c component (n = 0) 18 
percent of the peak value of the 
actual current I,. 

(3) To operate a push-pull audio 
amplifier for good fidelity no odd 
harmonic distortion should be pres- 
ent. Inspection of the chart shows 

that this is the case for O = 180 
deg, a well-known property of class 
B amplifiers which makes it pos- 
sible to use them in push-pull as 
audio power amplifiers. Of course, 
the curvature of the tube charac- 
teristics will produce some addi- 
tional distortion which is not cov- 
ered by this chart. 

(4) .A class AB amplifier shall be 
operated with an angle of conduc- 
tion of 280 deg. The direct current 
will be found to be 46 percent, the 
peak signal -current is 53 percent 
and the second and third harmonics 
are 3.2 and 2.4 percent respectively 
of the actual peak current Im, which 
corresponds to 6.1 and 4.5 percent 
respectively of the signal current. 

It should be noted that the plot- 
ted curves represent peak currents; 
these must be multiplied by 0.707 
to obtain rms values of current, and 
multiplied by the impedance of the 
load at the particular frequency to 
obtain the desired voltage values. 
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No. 1044 

Actual Size 

CINCH wtexeetecg sri 
FOR MINIATURE TUBE SOCKET 

*Mounting strap fastened to 

chassis by central single rivet (see 

above) and two removable screws. 

To design and manufacture satisfactory miniature tube 

sockets is one of Cinch's primary functions. This is our con- 

tribution in an all-out war effort. However, the job is not 

finished until the socket is satisfactorily mounted in the radio 

chassis, hence "Cinch mounting straps." Examine the illustra- 

tion, the simplicity of assembly is obvious. Note lug (No.1044) 

makes it possible to "hitch" ground wires for electrical 

connections, also strap can be supplied without lugs (No. 

1028) both threaded 4-40. (Samples available on request.) 

CINCHMANUFACTURING CORPORATION 2335 WEST VAN BUREN STREET, CHICAGO, ILLINOIS 

SUBSIDIARY: UNITED -CARR FASTENER CORPORATION, CAMBRIDGE, MASS. 
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TUBES AT WORK 
New Uses for Induction Electronic Heating 146 

Cellophane Tape Recorder 146 

Post -War Control of Air Traffic 148 

Electronic Octane Tester 168 

Electronic Control for Constant Illumination 180 

New Uses for Induction Electronic Heating 
ELECTRONIC TUBES AT WORK can 
now be used to braze the edges of 
hollow metal propeller blades for 
planes by induction heating. Meth- 
ods now in use for manufacturing 
propeller blades require a copper or 
copper -alloy fillet in the leading and 
trailing edges to prevent forming 
sharp corners. Welding of the two 
sections along the outside edge 
does not hold the sections together 
and cannot be used on the inside 
edge. 

The induction brazing process 
consists of placing beads of braz- 
ing material along the inner edge 
of the propeller and then moving it 
edgewise through the output coil 
of an electronic oscillator. The heat 
produced at the joint then securely 
binds the edges together. Attempts 
to do the same work with a torch 
resulted in greater warpage of the 
blades than the electronic method, 
required greater skill and took 
longer. 

Oil -well drill bits that bore 
through solid rock get their tough- 
ness from a layer of tungsten car- 
bide that is deposited on the teeth 
under high temperature. The prac- 

hot rock bit for drilling oil wells 
is hardened in an experimental induc- 
tion furnace. Tungsten carbide, held in 
place by an adhesive coating, is de- 
posited on the teeth of the bit under the 

high heat 

tice has been to carbide the teeth 
one at a time with a torch. Recent 
experiments in the Westinghouse 
high -frequency laboratory have re- 
sulted in all the teeth being car - 
bided at once in a few seconds. This 

A red 

Technicians braze a fillet along the inner edge of a hollow propeller by induction 
electronic heating in the Westinghouse high -frequency laboratory 

is accomplished by passing the 
toothed cutter into the inductive 
field produced by a high -frequency 
electronic oscillator. The carbide 
particles are held in place by an ad- 
hesive coating until they merge 
with the steel base. The new method 
permits the use of protective gas 
atmospheres to improve the quality 
of the carbide surface and can be 
high-speed and semi -automatic us- 
ing unskilled operators. 

Cellophane Tape Recorder 

EIGHT HOURS OF RECORDING is ac- 
complished on a 350 -foot endless 
cellophane tape by a new portable 
recorder at an operating cost of 
about fifty cents an hour. 

The problem of pressing a sound 
track on the cellophane, about twice 
the thickness of the usual grade, 
was solved by use of a yieldable felt 
bed directly under the recording 
stylus. Permanent gem points are 
used for both recording and repro- 
duction. These require no chang- 
ing and produce no shavings. The 
tape is one inch wide and runs un- 
der the needle at a rate of about 40 
feet per minute in standard models, 
and has room for 60 adjacent 
grooves. 

The new recorder, developed by 
Fonda Corp. of New York City, 
can be connected to a radio set, pro- 
gram line, or directly to a micro- 
phone. Loading of the tape is simp- 
ler than threading film into a home 
movie projector. No supervision is 
required during use; pressing one 
button starts recording, pressing 
another stops it. Any portion of a 
recording can be identified by 
marking directly on the tape with 
crayon. 

Quality of reproduction depends 
upon the tape speed. For voice re- 
production, 40 fpm is adequate ; at 
60 fpm the useful frequency re- 
sponse is extended to 6,000 cps, 
uniform within 2 db. The low -fre- 
quency response extends to 80 cps. 

The recorder mechanism consists 
of a motor drive system that passes 
an endless loop of tape over a ring 
of idler wheels. One loop passes 
over the felt bed where the stylus 
embosses a groove of constant 
depth. Sound modulation is applied 
laterally in the groove. A worm 
and gear arrangement moves the 
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It Takes Money 
To Win- 
Buy War Stamps 
andBonds 

Companions in Service 
a . , and Parts for the Peace 
There's no place in this war for equipment that can't really "back 
the attack." So the mere fact that Mallory variable resistors are 
serving on every battle front is proof in itself that they've got 
what it takes. 

Here at home, too, they've a bewildering array of assignments- 
on all sorts of industrial, communications and electrical jobs. 
And when the war is won, they'll have still bigger and better 
things to do. 

Consult with Mallory now-while your plans are still in the blue 
print stage-on special resistor problems. The following units are 
ready to serve you at once: they're standard entries in the Mallory 
catalog-and we'll be glad to supply you with further information. 

Variable Wire -Wound Resistors - Three types with ratings 
from 2 to 9 watts, 1/2 ohm to 150,000 ohms resistance. In single 
and multiple units, with or without switch. As many as 16 units 
coupled in tandem for special control functions. Also available as 
T -Pads and L -Pads. 

Variable Carbon Resistors - Standard and midget types in 
values from 5000 ohms to 9 megohms. Noiseless in operation. 

Fixed and Adjustable Wire -Wound Resistors -10 watts to 
200 watts, in a wide range of resistance values. Extremely long 
life. Maximum wattage dissipation. No permanent change in 
resistance under prolonged or severe overloads. 

For standard sizes consult your nearest Mallory Distributor. 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 

MALLORYP. R. MALLORY 8 GO..Inc. 

FIXED AND VARIABLE 

RESISTORS 
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Loading the inch -wide cellophane tape 
on the feed mechanism of the recorder. 
The cellophane passes between the 
recording stylus and a felt bed. Both 
recording and playback are made with 

permanent jewels 

recording head across the width of 
the tape to make a continuous 
groove at a pitch of 6G grooves to 
the inch. 

A self-contained amplifier has a 

gain of 110 db and a power output 
of 5 watts. The background noise, 
due to combined mechanical vibra- 
tion and needle friction, is 25 db 
below maximum signal level at 40 
fpm and down 30 db at 50 fpm. Re- 
production of sustained tones shows 
no noticeable "wows" and indicates 
sufficient speed regulation. 

The standard model, for refer- 
ence recording, requires attention 
only three times in a 24 -hour day, 
for changing of tape. A stationary 
1 to 8 -hour unit is available for 
such permanent applications as at 
airports, radio stations and gov- 
ernment uses, while a smaller unit 
recording for up to one hour has 
promising possibilities for office 
dictating uses. 

Post -War Control of 
Air Traffic 
THE PRESENT RAD=O' navigation f a- 
cilities of the U. S. that have been 
planned, developed, and established 
under the Civil Aeronautics Admin- 
istration were reviewed by Glen A. 
Gilbert, chief of the 
Control Division of 
speech delivered at the 

Air Traffic 
CAA in a 

AIEE meet - 

pay Fonda adjusts the embossing stylus of the cellophane tape recorder he developed. 
The machine records eight hours of sound on a 350 -foot endless cellophane ribbon 

one -inch wide 

Rear view of the cellophane tape re- 
corder shows the electronic equipment 
and speaker, at the bottom of the case. 
and the motor drive mechanism that 
feeds the tape through the machine 

ing in New York during January. 
He stated that the plans of the CAA 
are now ready and can be placed in 
operation in the immediate future 
to result in an increase in capacity 
of the traffic control system to at 
least 4 times its present capacity. 
His remarks on the future develop- 
ments in air traffic control are 
given in the following paragraphs. 
If these expectations become a real- 
ity, it is obvious that the improve- 
ments now planned will merely be 
stop -gaps. 

Much has been said about the 
possibilities of wartime develop- 
ments revolutionizing or at least 
radically changing the present sys- 
tem of air traffic control. The war 
without question has accelerated 
many technical developments. Spe- 
cial progress has been made in the 
field of electronics. However, ap- 
plication of the various principles 
and techniques developed has of 
necessity been directed entirely 
toward wartime needs. 

Very few, if any, wartime tech- 
nical developments will be imme- 
diately applicable without change 
to rñeet peacetime needs. The end 
of the war will bring improved 
technical principles and techniques, 
but their application to peacetime 
requirements will have to be 
worked out. Such wartime techni- 
cal developments as will be avail- 
able and gradually adopted for 
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Wherever a tube 

THERE'S A JOB FOR 

BY GUARDIAN 
Your post-war product must stand the competition of price as 
well as quality. And manufacturers who use electron tubes to 
boost production, cut material costs, and increase product per- 
formance, have the edge on competitors. Electronic control of 
resistance welding is one cost -saver to consider. 

In this, os in most other tube applications, the use of a relay 
increases efficiency. The Series 175 DC and Series 170 AC 
Relays by Guardian, when used in the output of the tube cir- 
cuit, control external loads in accordance with the tube oper- 
ating cycle. These relays have binding post terminals in place 
of solder lugs. Bakelite bases, molded to reduce surface leak- 
age, give a higher breakdown factor. Contact capacity: 121/2 

amps., at 110 volts, 60 cycles, non -inductive. Information on 
contact combinations, coil voltages, and further data is yours 
for the asking. 

GUARDIAN 
1625-C W. WALNUT STREET 

A COMPLETE LINE OF RELAYS 

is used... 

9oe exaexftee - 
Resistance Welding 
Thyratron tubes, working 
with other thyratron or ig- 
nitron tubes and usually a 

relay, control the current for 
spot, projection, seam and 
other types of: resistance 
welding for lower main- 
tenance and better welds. 

Consult Guardian wherever a tube is 
used. However, Relays by Guardian 
are NOT limited to tube applications 
but may be used wherever auto- 
matic control is desired for making, 
breaking, or changing the charac- 
teristics of electrical circuits. 

ELECTRIC 
CHICAGO 12, ILLINOIS 

SERVING AMERICAN WAR INDUSTRY 
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This vertical separation indicator shows 
a pilot the vertical distance between his 
plane and others within a fixed radius. 
A rough indication of the horizontal 
separation is also provided by the scale 

peacetime aviation before, say - 
1950, will be only supplemental and 
assisting with respect to the pres- 
ent air traffic control system. 

Radar 

There is a widespread opinion 
that radar devices will greatly 
change air traffic control in the im- 
mediate post-war period. An an- 
alysis of the principle of radar in- 
dicates that its main advantage is 
detecting the presence of objects 
which will not "cooperate", such as 
enemy airplanes and ships during 
wartime. To obtain such detection 
it is necessary to provide compli- 
cated apparatus involving high cost, 
substantial weight and special tech- 
nique for operation. 

In the control of peacetime air- 
craft, the situation is entirely the 
reverse in that all aircraft will co- 
operate. In other words, devices can 
be placed on board peacetime air- 
craft which will reveal their pres- 
ence. A different technique for the 
detection of aircraft for air traffic 
control purposes in peacetime will 
involve less complex apparatus, less 
cost, less weight and simpler oper- 
ation. Some of the improved elec- 
tronic techniques developed during 
wartime will be used for air traffic 
control, but application will be for 
peacetime requirements, meeting 
entirely different specifications 
than those existing under wartime 
conditions. 

Flying Weather 

In the post-war period and up to 
at least 1950, it is believed that 

weather will continue to be a factor 
affecting flying. Private pilots will 
refrain from flying during low 
cloud and restricted visibility con- 
ditions in the same way that the 
average automobile driver avoids 
using his car during poor driving 
conditions. There will probably be 
an increasing number of private 
pilots who will be qualified to fly in 
weather conditions requiring in- 
strument flight as a result of war- 
time pilot training programs. By 
and large, however, it is expected 
that the great majority of private 
pilots will continue to be "fair 
weather" fliers. 

Commercial air carriers can be 
expected to constitute the bulk of 
poor weather flying after the war 
in the same way as they did before 
the war. Scheduled air carrier serv- 
ice is economically successful only 
if conducted regularly. Hence, this 
type of service must operate under 
practically all weather conditions. 

DEFINITIONS 

AIRPORT TRAFFIC CONTROL is lo- 
calized to a small zone around an air- 
port. 

AIRWAY TRAFFIC CONTROL extends 
out along all airways crossing the 
country. 

AIR TRAFFIC CONTROL is the com- 
bination of the above two controls for 
protection of life and property by 
avoidance of collisions and the expedi- 
tious movement of traffic. 

Some military flying of large air- 
craft will probably be accomplished 
in a manner comparable to the sche- 
duled air carriers. However, it is 
expected that the majority of post- 
war military flying will be done 
only during the more favorable 
weather conditions. 

Air traffic control, therefore, will 
continue to have two types of fly- 
ing to contend with-good weather 
or "contact" flying and poor 
weather or "instrument" flying. 

Future Equipment 

In attempting to eliminate or re- 
duce all limitations of air traffic 
control so as to increase the capac- 
ity and raise the efficiency of the 
system, several devices for installa- 
tion in aircraft appear to provide 
possible solutions. These devices 

Horizontal separation indicator for air- 
craft. The dots indicate the relative 
position of nearby planes, while the 
size of the dots shows approximate dis- 

tance from the observer 

will be identified as a "collision 
warning device", an "automatic po- 
sition reporter", and a "traffic clear- 
ance indicator". The latter two de- 
vices may ultimately be combined 
to provide a "block signal system". 

The ultimate solution for the con- 
trol of the large number of aircraft 
anticipated in the future will re- 
quire that some means be provided 
which will permit the shifting of a 
substantial amount of responsibil- 
ity for the avoidance of collision 
from ground agencies to the indi- 
vidual pilots of aircraft. In other 
words, each pilot flying in instru- 
ment weather conditions should be 
able to avoid collision with other 
aircraft by directly observing indi- 
cations of the position of the other 
aircraft. The means to accomplish 
this will probably be in the form of 
a "collision warning device". 

Development of one such device, 
identified as a "vertical separation 
indicator", was commenced some 
time prior to the war by CAA. This 
device will permit a pilot, by refer- 
ence to an instrument upon the air- 
craft instrument panel, to deter- 
mine at a glance the vertical sep- 
aration between his aircraft and 
other aircraft within a fixed radius, 
and will also indicate roughly the 
horizontal distance of the other air- 
craft. The pilot will thus be en- 
abled to maintain a specified min- 
imum amount of vertical separa- 
tion between his aircraft and other 
aircraft within a certain radius 
during climb, level flight and 
descent. 

A somewhat different device 
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fRC wi/lie Res/y 
with 
RHEOSTATS 

Once the grim business of war is concluded, you 
can count on I R C to deliver vast quantities of 
resistance devices of all types. Then, too, I R C's 
nation-wide network of Distributors will be 
prepared to render prompt service in supplying 
resistor requirements. 

Built to surpass rigid Army -Navy "specs," 
IRC Resistors will offer greater values than 
ever because of modern mass production methods 
and greatly increased plant capacity. 

INQUIRIES INVITED 
It's none too soon for manufacturers of electronic 
equipment to survey their immediate post-war 
resistor needs. If you anticipate design or engi- 
neering problems involving resistances, EQ f OR 

we may be able to help in their solu- 
tion. Feel free to call upon us and 
be assured your confidence will be 
respected. 

QUALITY FEATURES OF IRC RHEOSTATS 

1. All metal shatter and vibration proof con- 

struction. 

2. Design provides almost 50% less temperature 
rise than other types for equal wattage rating 
and size. 

3. Aluminum construction provides light weight. 

4. Uniform spacing and tight winding of resist- 
ance element. 

5. Enclosed construction as protection against 
p ERFo9dust, dirt and damage to the moving parts. 

+y 6. Clock spring between central 
terminal and slide eliminates one 

wiping contact and spring. 

INTERNATIONAL CO. 
401 N. Broad St. Philadelphia 8, Pa. 

IRC makes more types of resistance units, in more shapes, for more applications than any other manufacturer in the world. 
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THE greatest single factor in the wide acceptance 

of Jefferson Electric Transformers, is the ability to 

insure "quality" while producing in great quantities. 

If you need a few or a million, Jefferson Electric 

facilities, experience and manufacturing control insure 

like quality for all. 

Reports from all over the world emphasize the value 

of Jefferson Electric Transformer reliability under all 

manner of conditions,-from the Arctic to the Equator 

-from the moisture -laden coastal regions to the arid 

desert areas. 

With all factors-engineering, designing, research, 

manufacture of all components under one control, in- 

surance of "quality" with quantity is secured. You can 

bring your particular requirements to "transformer 

headquarters" with full confidence that recommenda- 

tions and suggestions will help you save time-and the 

transformers furnished whether in small or large quan- 

tities will be alike in quality.... JEFFERSON ELECTRIC 

COMPANY, Bellwood (Suburb of Chicago), Illinois. 

Canadian Factory: 60-64 Osier Ave., W. Toronto, Ont. 

t MSFoRMERS 

might be provided as a "horizontal 
separation indicator". This instru- 
ment would be a screen on which 
various size dots would indicate the 
relative position of other aircraft 
located within an area ahead of the 
aircraft concerned and within at 
least 45 deg above and below as 
well as to the right and left. The 
size of each dot would represent the 
approximate distance to the indi- 
cated aircraft and the location of 
the dot the angular position of the 
other aircraft. 

Position Reporting 

The development of an automatic 
aircraft position reporter would 
materially contribute to the reduc- 
tion of one of the major limitations 
of the present air traffic control 
system-the use of voice as a com- 
munication medium. This device 
would permit an aircraft to actuate 
a reporting mechanism as it passes 
each fix along the airways in much 
the same way as a train trips cer- 
tain signals as it passes predeter- 
mined points on its route. This 

q 0 0 0 0 
13 go change hold 5 

(o, 111 o 
ACKNOWLEGE 

The traffic clearance indicator contains 
a number of lamps around its circum- 
ference to indicate the various flight 
levels on which the plane is directed to 
fly by the ground station. The indi- 
cators in the center of the dial authorize 
movement of the plane on the ground 

as well as landings and take -offs 

plan, briefly, would involve the use 
of a vertical pattern transmitter at 
each fix, a receiver in each aircraft 
to indicate the entrance of the plane 
into this pattern, an aircraft trans- 
mitter continuously set by a con- 
trolling altimeter and put into op- 
eration under the control of the fix 
pattern receiver, and a receiver at 
the fix capable of receiving the au- 
tomatic report signals and relaying 
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...in Magn etie Structures 
By the time we finish our present contract for headphones, 

Shure Engineers will have effected a 31/2 ton saving in critical 
magnetic alloys. Redesign of the magnetic structure effected a saving of 

three-quarters-so that, today, the magnetic material generally required for 
one headphone is now enough for four headphones. This has been accomplished with 

full maintenance of the operating characteristics with the added advantage of 
decrease in weight. Shure Engineering continues to lead the way to better microphones 

and headphones for your postwar needs. 

SHURE BROTHERS, 225 West Huron Street, Chicago 
Designers and Manufacturers of Microphones and Acoustic Devices 

MICROPHONES 
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Over 28,000 
Laboratory Tests! 

SUR CO -AMERICAN 
ELECTRICAL 

INSULATION 
ring Flexibili+y 

and 
For Work 

Regal 
era}ore Range 

Wide Temp 

"Surco -American 
Flexible 

Insulating 
Tubing is 

ears of Pioneering pan Y 
the resultand 

nd 

of seven Y field tests. 

over 28,000 laboratory features: 
"Surco has all these 

Absolutely 
Moisture 

proof 

High Dielectric Strength 
ire qt r 

md thickness) 

(Average1500 

Extremely 
Flexiobler 400°/°1 

e 

(Elongation 

Wide Temperature 
tRam a 80° F.) 

sinus ° F.1 Hon -Corrosive 
1n 

F. down 

p ing. NOn.lnflam Oil. Dilute Acids, 
Hon -Aging, Weather, 
Unaffected by Weak gases. 

Gases. Organic 

Alkalies, 
Salts. 

Acids and most Solvents in all Stand. 

Available in Continuous 
Lengths. 

and Sizes from .005" to 3" 1.13 

,Surco -American 
Flexible Plastic 

Insulated 

Wire withstands 
extreme 

condit`ons. 
Will not 

d has high dielectric 
strength. 

oisturallnlengths and colors, 
absorb m 

solid or stranded, 
Available 

in 
o 48 A copper wire 

re 

No. 12 to t4 silver plated sizes tinned or 
shielded, 
and cable. 

Insulating 
Tapes of All Kinds 

Molded Plastic Parts 

Extruded todSpecifications 

Specification 
Sheets and Samples 

Request 

-- \ 
84 Purchase Street 

ELECTRICAL INSULATION CO. Boston, Mass. 

them onward to the Airway Traf- 
fic Control Center. At the control 
center -the position reports would 
be fed directly into automatic post- 
ing equipment and would appear in 
proper form and position before 
the controlling personnel. 

Traffic Clearance 

With the establishment of auto- 
matic transmission and posting of 
aircraft position reports and by 
providing for the automatic trans- 
mission of traffic control instruc- 
tions from ground personnel to 
pilots, voice as a communication 
medium could be entirely elimin- 
ated in the control of air traffic. 
This plan involves the storage of 
traffic clearance data on mechan- 
ized flight progress boards in air- 
way traffic control centers and the 
automatic transmission of these 
data by radio at appropriate times 
to actuate a device in the aircraft 
which might be called a "traffic 
clearance indicator". 

As visualized, the circumference 
of the traffic clearance indicator 
would be taken up by a series of 
lamps, one for each flight level. As 
the plane proceeds at an altitude 
for which clearance has already 
been received, the lamp for that 
level remains lighted. When a 
clearance to another altitude is re- 
ceived, the lamp for that altitude 
starts to flash and the lamp in the 
center, over the word "change", 
lights to attract the pilot's atten- 
tion to the fact that new instruc- 
tions have been received. This light 
is extinguished by the pilot when 
he pushes the "acknowledge" but- 
ton, causing at the same time the 
transmission of his aircraft identi- 
fication and the clearance as it ap- 
pears on his instrument. This ac- 
knowledgment is automatically 
compared at the control center with 
the posted clearance and a disagree- 
ment warning appears before con- 
trolling personnel if an error is ap- 
parent. 

Automatic Signals 

The indicators shown in the cen- 
ter of the dial include "go", "hold", 
"change" and "taxi -land". The 
"taxi -land" light is used for airport 
traffic control when the aircraft is to 
move on the ground or to authorize 
a landing. "Go" authorizes a take- 
off or forward progress at the in- 
dicated altitude. "Hold" calls for 
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LINDSAY STRUCTURE 
HOUSINGS 

have great strength-mean added 

FOR EQUIPMENT 

FOR ALL -STEEL ROOMS OR PARTITIONS 

ALL -STEEL BUILDINGS 

protection for your equipment 

LIÑAY 
U. S. Patents 2017629, 2263510.2263511 

U.S. and Foreign Patents and Patens Pending 
For details, see Sweet's Catalog File 

Lindsay Structure, modern method 
of construction, utilizes all the strength 
in light steel sheets through uniform 
tensioning. Lindsay Structure cabinets 
and housings are rigid-panels do not 
loosen under wracking and strain. 
Equipment is permanently protected 
against damage, dust, and dirt when 
housed in Ls, yet the ease with which 
any panel can be removed and replaced 
provides ready access to all parts of the 
mechanism inside. 

Parts for Ls units, pre -formed to your 
exact specifications, require no special 
tooling, welding, or riveting for their 
construction. Design changes, made 
overnight without retooling, waste no 
material and cause no loss of time. 
Speed of production is increased, and 
the completed cabinets or housings 
have a strikingly modern machine - 
fin ished appearance. 

For immediate service on your pilot 
jobs, send your specifications or blue- 
prints to Lindsay and Lindsay, 222-D 
West Adams St., Chicago 6, Ill.; or to 
60 E. 42nd St., New York 17, N. Y. 

IT S -T -R -E -T -C -H -E -S STEEL 

CTURE 
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A SCIENCE -47/444a 
THUNDERSTORM 

BEN FRANKLIN dared to prove the relation between lightning 

and static electricity with a kite, key and string, during a 

thunderstorm. With luck he lived to give impetus to the new 

science of electricity ... This same adventurous experimental 

spirit has been shown throughout the history of electrical 
science in America. 

In Stancor laboratories interest centers upon the transformer: 

the master coordinator of electronic energy. While Stancor 

Transformers now are being used for control systems in war, 

military challenge has produced important new developments 

for use in peace -time industry ... For tomorrow, Stancor-is 
a name to remember. 

S ' E C I F Y STANCOR p .eu. 
STANDARD TRANSFORMER CORPORATION 
1500 NORTH HALSTED STREEIT - CH ICAGO 

Manufacturers of quality transformers, re.s: tors, rectifiers, 
po2:'er packs and allied products for the electronic industries. 

TOP-Airway traffic control centers 
now require manual posting of aircraft 

positions 

BOTTOM-Automatic flight data post- 
ing equipment of the future. Controllers 
are located on the lower level; calcu- 

lators on the upper level 

remaining stationary while on the 
airport and for maintaining the in- 
dicated altitude at the next fix 
while enroute. 

It should be understood that 
transmissions will be made and a 
pilot's indicator changed only when 
the pilot must make a change in the 
procedure he has been following. 
In many cases only a brief trans- 
mission upon departure will be re- 
quired plus one or more in connec- 
tion with landing at destination. 

In the much more distant future 
it may be found necessary to com- 
bine the traffic clearance indicator 
and the automatic aircraft position 
reporter into an automatic "block 
signal system" of a type similar to 
that used by the railroads. This 
system, as visualized at this time, 
would consist of marker transmit- 
ters producing a screen across the 
airways at block signal "fixes" 10 
to 15 miles apart. An aircraft pro- 
ceeding along an airway so 
equipped would set up a "hold" sig- 
nal for succeeding aircraft at the 
same level which would not be can - 
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COLD -FORGED FASTENINGS, special and standard, 
made to meet ycur specific requirements, are 

our business. To serve you effectively, by help- 
ing you determine whether your fastenings 
should be a standard type or one especially de- 
signed, is also our business. Your precise choice 
of both fastening device and source may be the 
"making" of your finished product, for no assem- 
bled product can be better than its fastenings. 

In "special " fastenings, Scovill has the skilled 
design engineers to understand and fill your 
exact requirements. Shown above is one of 
many instances where Scovill ingenuity in cold - 
forging delivered the goods for minimum money 
-materials-motions. Believe it or not, the 

LET SCOVILL INGENUITY IN 

COLD -FORGING SERVE YOU 

"Case example" # 17... more each month 

part illustrated was made by cold -forging and 
secondary operations. 

A Fastenings Expert from our nearest office 
will gladly serve you. Call him NOW, for each 
day the practical problems of your postwar pro- 
duction draw closer. He will help you to the limit 
our war commitments permit and tell you when 
and how we can serve you. 

Many Scovill customers have saved time, 
trouble and money by calling in Scovill to 
plan their fastenings when the product was 
still in the design stage. A Scovill Expert 

will gladly help you do likewise. 

SCOVILL MANUFACTURING COMPANY 
WATERVILLE SCREWPRODUCTS DIVISION 

WATERVILLE 48, CONN. 
.[`u t ririm TEL. WATERBURY 3-3151 

NEW YORK, Chrysler Building DETROI-, 6432 Cass Avenue CHICAGO, 1229 W. Washington Boulevard . PHILADELPHIA, 18 W. Chelten Avenue Building 
PITTSBURGH, 2882 W. Liberty Ave. SYRACUSE, Syracuse -Kemper Insurance Bldg. . LOS ANGELES, 2627 S. Soto St. SAN FRANCISCO, 434 Brannan St. 
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The advantage of 

1 Single Source of Supply 

THERMOSTATIC 
BI -METALS 

ELECTRICAL 
CONTACTS 

CURTISS-WRIGHT CORP.-PROPELLER DIV. PHOTO 

* The facilities of THE H. A. WILSON COMPANY enaLle manufacturing cus- 

tomers to secure both electrical contacts and thermostatic bimetals from a 

single and dependable source. This is important. for materials from these 

two groups are frequently used in conjunction, as parts in the same device. 

* WAR stresses the vital importance of perfected team play; and WILco 

Electrical Contacts and THERMOMETALS (thermostatic bimetals) are now 

functioning with flawless coordination in various plane, tank, gun and ship 

applications. They also function separately or together in various instruments 

of the Army and Navy. 

WILCO PRODUCTS ARE: Contacts-Silver. Platinum, Tungsten, Alloys. 

Powder Metal. Thermostatic Metal-High and Low Temperature with 

Electrical Resistance from 24 to 530 ohms per sq. mil, -ft. Precious Metal 

Collector Rings-For rotating controls. Jacketed Wire-Silver on Steel, 

Copper, Invar, or other combinations requested. 

* WILco sales and engineering representatives are 
familiar with both Electrical Contact and THEe- 
MOMETAL application. Send us your problems for 
analysis or write for a copy of the new WILco Blue 
Book of Thermometals and Electrical Contact. 

THE H. A. WILSON COMPANY 
105 Chestnut Street, Newark, N. J. 

Branches: Chicago * Detroit 

celled until the preceding aircraft 
had climbed or descended to the 
next level or had passed the next 
block signal fix along the route. 
Thus, the block signal system 
would provide a warning to pre- 
vent 2 aircraft from being in the 
same "block"-the airspace between 
2 adjacent fixes-at the same alti- 
tude. 

Ground Facilities 

In planning for additional ground 
facilities required to control air 
traffic of the future, the nature of 

such facilities will largely be de- 
pendent upon the accepted aircraft 
equipment. If the automatic air 
traffic control devices just de- 

scribed are adopted, then corres- 
ponding ground facilities also must 
be provided. 

It has been estimated that ap- 
proximately 850 air stations will 

be required within the next few 
years to provide an adequate sched- 
uled air carrier traffic pattern. This 
is over 3 times the present num- 
ber of scheduled air carrier stops. 
Such a service pattern undoubtedly 
would require that air traffic con- 
trol protection be afforded over all 
air space within the continental 
United States. It is not believed 
that the extension of air traffic con- 
trol to include all air space will 
mean the discontinuance of civil 
airways. Rather, it is expected that 
civil airways will be continued as 
channels where a continuous heavy 
flow of traffic ordinarily exists. 
Flight outside of these channels 
will follow individual routes, but, 
nevertheless, will be afforded air 
traffic control protection to the 
same extent as is provided on the 
civil airways. 

Basically, it is expected that the 
radio ranges, or comparable direc- 
tional facilities, will delineate the 
civil airways system. Flight off the 
civil airways probably will be ac- 
complished largely by use of auto- 
matic direction finding facilities. 

With the establishment of auto- 
matic air traffic control devices in 
aircraft and with the provision of 
corresponding ground facilities, 
there appears to be but one remain- 
ing need of air traffic control which 
will require additional ground fa- 
cilities. This is the constant por- 
trayal of actual positions of air- 
craft to controlling personnel. 

By the installation of "scanning 
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A pair of water-cooled RCA- 
9C21's in a 100 -KW, 25 mega- 
cycle, r -f heating oscillator. 

'Power output, approx., at max. ratings 

RE are two new high -power triodes departing radically from 
"conventional" design. They are geared to the present need 

or higher frequencies and higher powers in r -f heating appli- 
cations, and the coming need for even better performance in 
broadcast equipment. And once again - it's an RCA develop- 
ment that starts a trend. 

RCA -9C21 and 9C22 feature an ultra -modern mechanical 
structure of rugged design-a short structure utilizing an entrant 
metal header which shortens internal filament leads and pro- 
vides an extremely short, heavy -current, low inductance path to 
the grid. As a result, excellent high -frequency performance is 
obtainable at full ratings up to 5 Mc, and at reduced ratings, 
as high as 25 Mc. 

Addition to the RCA high -power family of these two new 
types means exceptional flexibility of equipment design both for 
industrial uses in the war effort now and for future broadcast needs. 

RCA application engineers will be glad to assist you in apply - 

BUY /ORS WAR BONDS 

ing these tubes to your problems. Data sheets on the 9C21 and 
9C22 are available on request. Address RCA, Commercial Engi- 
neering Section, 592 South 5th St., Harrison, New Jersey. 
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BRITISH TYPE 

ELECT RICUL 
øflflECT0R5 

Amphenol prod Ices 

British Type Electri- 

cal Ccnnectors to spec- 

thcetions developed by the 

ritish Air Ministry. These 

onnectors are used to facili- 

tate the production and instal- 

lation of certain types of British 

abaft, marine, and radio 

apparatus made in America. 

^_:reads are accurately ma- 

chined to British Whitworth 

Standards. The same careful 

workmanship and engineering 

cc into British Type Connec- 

tors that is representative of 

the complete Amphenol line. 

Bt1ITISH TYPE: 

PLUGS AND RECEPTACLES 
for electrical circuits. 

LLUGS ANDá OCKETS 
for cables. 

TITTINCS AND END CAPS 

for electrical connectors. 

itl:I£At 

f01ïGECLçB" 

Ì 

Inspecting special .wiring assembly. 
Every Amphenol- made connector and 
cable assembly undergoes rigid tarts 
before leaving the factory. Efficient per- 
formance assured. 

AMERICAN PHENOLIC CORPORATION, CHICA GO 50, ILLINOIS 

IN CANADA-AMPHENOI LIM TED TORONTO 

Send today for il- 
:ust rated data sheets 
on British Type Elec- 
trical Connectors. 
Complete specifica- 
tions-lO-pàge list- 
ing of stems, parts, 
and assembly in- 
structions. 

screens" in airport traffic control 
towers, it appears that this require- 
ment can be met. One screen would 
portray the positions of aircraft in 
a horizontal plane within perhaps 
25 miles of the airport. The air- 
craft positions would be indicated 
by a spot of light which would be 
constantly moving as the aircraft 
positions change. Another screen 
would show the relationship of air- 
craft in a vertical plane along the 
path followed by aircraft when ap- 
proaching the airport under instru- 
ment weather conditions. A dot ap- 
pearing on this screen would indi- 
cate the altitude of the aircraft and 
its position in the holding flight 
path. 

Future Procedures 

It would be highly desirable if 
the automatic air traffic control 
equipment for aircraft could be 
light enough and cheap enough so 

that all aircraft flying under in- 
strument flight rules would be 
equipped with these devices. How- 
ever, it is expected that at least 
for a long time only the larger air- 
craft will be so equipped. The most 
optimistic estimate would place 
not more than 50 percent of the 
aircraft flying in instrument 
weather by 1950 in the category of 
those having full automatic air 
traffic control equipment. This 
means that the air traffic control 
system would have to continue to 
be capable of controlling a sub- 
stantial amount of air traffic in- 
volving aircraft having only the 
minimum air traffic control equip- 
ment required at the present time: 

A1ß TRAFFIC IN 1950 

500,000 aircraft in service, compared to 
30,000 before the war 

600,000,000 ton -miles of freight, express 
and mail, 30 times present amount 

10,000,000,000 passenger -miles of sched- 
uled passenger traffic, 5 times present 
traffic 

The automatic devices for air- 
craft and the ground aids for air 
traffic control previously described 
point to the possibility of obtain- 
ing the ultimate objective of per- 
mitting the flow of air traffic un- 
der instrument weather conditions 
in the same volume and with the 
same frequency as is possible un- 
der contact weather conditions. 
This means that at an airport prop - 

March 1944- ELECTRONICS 

www.americanradiohistory.com



-"services above and beyond 
the call of duty" 

Meeting specifications in producing communications equipment may be good enough, 
but recognition of noteworthy achievement comes only by surpassing ordinary 

duty calls. In radio communications, orders must be received and sent through mixtures of 
mechanical noise and artillery thunder. Here, orders must get through and RAULAND 

short-wave equipment is depended upon to deliver above and beyond the ordinary call of 
duty. To make RAULAND communication transmitters even more dependable, 

only RAULAND electroneered* tuning condensers are used. They are designed and built 
to minutely controlled variations and a fine degree of tuning and this is 

maintained through the toughest periods of maneuvers and battle operations. 

*Electroneering-the RAULAND term for engineering vision, design and precision manufacture. 

RADIO ... SOUND... ..COMMUNICATIONS 

Electroneering is our business 
THE RAULAND CORPORATION... CHICAGO, ILLINOIS 

Buy War Bonds and Stamps! Rauland employees are still investing 10% of their salaries in War Bonds 
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RCA pioneered the development of electronic television. 

RCA engineers developed the Iconoscope, the Kinescope and 
Orthicon, as well as circuits for their use. 

NBC, a member of the RCA family, operates a commercial television 
station which has pioneered program development-a station whose 
programs are rebroadcast by other stations. 

RCA had developed a full line of commercial television transmitting 
equipment before the war and had offered it to broadcasters. 

RCA is now utilizing its engineering experience by building for the 
armed forces a large quantity of electronic equipment. 

the 

RCA will be prepared to offer for postwar service a full line of new and 
improved television equipment, including studio equipment, film equip- 
ment, portable equipment, relay equipment, studio -transmitter -link 
equipment, and, of course, audio and video transmitters. 

RCA BROADCAST EQUIPMENT 

RADIO CORPORATION OF AMERICA 
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RCA installations now in operation 

The de luxe -type installation shown below is 

one of several RCA Television Transmitters 

installed before the wary 

All of these installations are standard trans- 

mitter models, designed and constructed to 

broadcast specifications and installed for regu- 

lar television stations. 

They are in addition to a number of experi- 

mental and relay -type television installations 

made by RCA as part of its own television 

development program. 

RCA's experience in this field is unequaled_ 

De luxe television installatioi 
including audio and vides 
transmitters of matching design_ 
Note unified front -type ccnstructo. 
and styling similar to that of RCN 
de luxe _ransmitters for AM and 
FM brordcasting. 
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Approved Grip -to -Talk 
GDN Dynamic Micro- 
phone for airplane dis- 
patching and factory 
paging systems. 

THE familiar adage concerning 
"no chain being stronger than 

its weakest link" may well apply to Cable Con- 
nectors used in the assembly and installation of 
Radio Communication Systems. It is important, 

therefore, to know that the pre- 
cision and care exercised in the 
manufacturing of Co -axial 
Cable Connectors by The Asta - 
tic Corporation assure depend- 
able service even under the most 
trying conditions. Approved by 
Army and Navy Engineers and 
highly praised and used by 
many leading manufacturers of 
electronic equipment, Astatic 
Connectors measure up to high- 
est expectations in every way. 
Increased manufacturing facili- 
ties insure prompt shipments. 

JI3 lalic 7l7lanu/ac1urinj chue 

/or Çovcrnmenl 'djencieS 

Astatic. Pickups, long used and praised by a majority of the leading 

manufacturers of Radio -Phonograph and Playback Equipment, are 

now being made in large quantities for various government agen- 

cies. These pickups, of rugged construction and highly efficient 

reproducing qualities, are made to play transcription size recordings 

and are finished according to the specifications of the respective 

branches of the service for which they are intended. 

AST TIC IN 

CANADIAN C. LTO. 
ONlAN10 

THE ASIATIC CORPORATION 
YOUNGSTOWN, OHIO 

erly designed and adequately 
served by navigational and air 
traffic control facilities, landings 
under instrument weather condi- 
tions would be possible at 50 -sec- 
ond intervals or approximately 70 
landings per hour per runway in 
use. Future planning seems to in- 
dicate that it will be possible for 
the air traffic control system within 
the United States to reach the level 
of safety and efficiency which ulti- 
mately will be required by mature 
air transportation. 

International Aspects 

Most expert opinion anticipates 
that post-war air transportation 
will develop internationally in sub- 
stantial proportions. As air trans- 
portation becomes global in scope, 
it is increasingly apparent that 
world wide standards for the con- 
trol of air traffic must ultimately 
be established if international air 
commerce is to develop to the full- 
est possible extent. An airplane fly- 
ing from Moscow to Chicago, for 
example, would pass over areas un- 
der the control of at least 7 differ- 
ent countries. If each country had 
different systems of air navigation, 
different flying regulations and 
different systems of air traffic con- 
trol, an extremely difficult if not 
impossible situation would result. 

One of the most important phases 
of post-war planning for aviation 
is the planning of world wide stand- 
ards for air traffic control. Such 
planning should include the formu- 
lation of navigation standards, 
communications standards, aircraft 
equipment standards, standards for 
flight rules and standards for con- 
trol procedures. 

Conclusion 

In conclusion, the present basic 
system of air traffic control in the 
United States is expected to con- 
tinue without radical change in the 
forseeable future. Improvements 
now planned will help, but further 
advancements in air traffic control 
must be made in the next few years 
to meet the expected demands of 
post-war flying. 

Military technical developments 
undoubtedly will become available 
for air traffic control purposes, but 
application will be to peacetime spe- 
cifications meeting different re- 
quirements than those existing dur - 
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Reaction of Representative Durez Compounds to Lubricating Oils 
SHOWING DIMENSIONAL GAIN OR LOSS (7,) 

1 WEEK 6 MONTHS 1 YEAR 

W T L Wt W T L Wt W T L Wt Type of Materiel 

Toluene .00 .00 -.02 .02 -.07 -.13 -.05 -.07 -.06 .00 -.04 -.10 
General Purpose 

Heptane .00 .00 -.03 - 05 .07 .00 -.02 -.05 -.13 -.13 -.03 -.05 

Toluene .00 -.07 -.02 -.09 .00 -.07 -.09 -.31 -.20 -.19 -.09 -.40 
Special 

Heptane .00 .00 -.03 -.15 -.I3 -.13 -.05 -.19 -.20 -.06 -A7 -.26 

Toluene .00 .00 -.02 .03 .00 .00 -.07 -.18 -.06 -.06 -.03 -.12 
Heat Resisting 

Heptane .00 .00 -.01 -.07 -.07 .00 -.01 -.14 .00 .00 .00 .04 

Toluene .00 .00 .00 .01 .00 .00 .00 -.07 .00 .00 -L3 -.01 
' General Purposr 

Heptane .00 .00 -.01 -.04 .00 .00 -.03 -.01 -.13 -.13 -.03 .06 

Toluene .00 .13 .00 .05 .07 .00 -.04 -.06 -.13 -.20 -.04 -.52 
Impact 

Heptane -.07 .00 .00 -.01 .00 .00 -.03 -.09 -.06 .00 -.02 .11 

W=Width T=Thickness L=Length WI -Weight 

The man who's paid to pick the 
best plastic material for an electrical 
part sometimes has to consider op- 
erating conditions where oil is pres- 
ent. Petroleum oils are the common 
problem, but there are cases where 
vegetable and animal oils have been 
a factor. 

Unfortunate results have been re- 
corded where this problem was 
overlooked. 
Durez phenolics, when fully cured, 
are practically unaffected by all 
petroleum solvents. Their resist- 
ance to organic solvents, weak acids 
and alkalis is one of their most 
noteworthy characteristics. The 
Durez phenolic type of material 
ranks at the top of the list among 
all plastics for its satisfactory per- 
formance in the presence of oil. 

In our laboratory, tests are going 
on constantly to check the behavior 
of Durez phenolics with all types 
of solvents. The two shown in the 
chart will be readily recognized 
as those which would be most 
indicative of any reaction to lub- 
ricating oils. 

THE 

ACTION 
of 

OIL 
on Phenolic Plastics 

In the tests, lhxlhx5" bars 
weighed to the nearest milligram 
and measured to the nearest thou- 
sandths in the 3 dimensions. The 
bars are then placed in quart jars 
and completely submerged in the 
respective liquids. The tempera- 
ture is maintained between 25°C 
and 30° C. Dimensional change and 
weight change are determined at 
end of one week, six months and 
one year. In all calculations the 
"as received" condition is taken as 

100%. Upon removal from sol- 

are 

PLASTICS THAT FIT THE JOB 

vent, specimens are wiped dry and 
allowed to air dry one week before 

weighing and 
measuring. All 
specimens are 
molded with a 

minimum cure 
with no special 
care to obtain 

maximum density or strength. 

This is but one explanation for the 
popularity of Durez phenolics in 
the electrical manufacturing indus- 
try. When this factor is added to 
other considerations -operating 
temperatures, conditions of humid- 
ity and electrical properties -the 
analysis usually points in favor of 
a Durez phenolic. Because of the 
versatility of Durez, the engineer 
who is looking for excellent dielec- 
tric properties, inertness to solvents 
and resistance to impact, high heat 
and climatic changes often finds 
that working with our staff will 
prove a short-cut in development 
work. We certainly welcome your 
inquiry on. any plastic material 
problem. Durez Plastics & Chemi- 
cals, Inc., 83 Walck Road, North 
Tonawanda, N. Y. 

er - c. 0 
Os - 4e 

o 
P 
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wl th 
greater sensitivity 

and range than ever before 
accomplished 

PATENTS APPLIED FON 

TECH LAB MICROIIMMETER .. s gives 
direct and instantaneous readings of resistance values 

lnrer 
t,tanafac 

(lnali 7 r.: aandother 
of atteuuatO iu- 

ical resistance electr Tor routp 

struutcut` NVrite for ltnl. 

tt leti°' 
a.31. 

do s n to 5 microhms and up to 1,000,000 
ntgohr,es_ Accuracy in all measurements to 
Mer than 2%. Output is sufficient to 
drive recorder. Entirely AC operated. 
Reasonably prompt deliveries. For com- 
plete data regarding other applications, 
writelor bulletin No. 432. 

LINCOLN STREET JERSEY CITY, N. J. 
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PA N F tV T E THE READY SOLUTION 

TO MANY DIFFICULT PROBLEMS IN ELECTRICAL DESIGN! 

Engineer -designers of electrically -energized products look to 

PANELYTE, the structural plastic, for certain valuable com- 

binations of dielectric and mechanical properties, not dupli- 

cated in any natural or manufactured substance. Each vary- 

ing grade of these laminated resinous plastics has been 

developed - not as a substitute for any other material - 

PANELYTE PROPERTIES 
AT A GLANCE 

Typical Paper -Base Grades 
For Electrical Applications 

but to give more efficient performance, lengthen service life 
or lessen production time - and costs - on specific appli- 
cations. It is this unique association of properties, charac- 
teristic of all PANELYTE Plastics that has made possible the 

design or improved design of many structural parts recog- 
nized as important advances in the electrical industry. 

Grade Grade 

#520 #550 
Nema Nema 

Grade Grade 

XXX XX 

Grade Grade Grade 
#750 #770' #772 
Nema Nema Nema 

Grade Grade Grade 

X P P 

Grade Grade 
#774 #776 
Nema Nema 

Grade Grade 

XXP XXXP 

Dielectric Strength Short Time Method 
1/8" volts, mil. 575 625 700 775 785 675 600 

Power Factor at 106 cycles/sec. .033 .039 .045 .048 .057 .035 .022 

Dielectric Constant at 106 cycles/sec. 4.8 5.1 5.6 5.5 5.9 5.0 4.8 

Loss Factor at 10' cycles/sec. .158 .199 .250 .264 .336 .175 .106 

Tensile Strength, lbs. per sq. in. 11,000 12,000 15,000 11,000 11,000 10,000 9,000 

Flexural Strength, lbs. per sq. in. 16,000 17,500 23,000 18,000 18,000 15,000 13,000 

Compressive Strength, lbs. per sq. in. 39,000 40,000 44,000 38,000 38,000 35,000 32,000 

Moisture Absorption, 24 hr. immersion, 1/8", % 0.70 1.10 1.90 1.60 1.80 .087 .050 

NOTE: All tests were mode in accordance with the latest A.S.T.M. test specifications. 
All values represent average test figures. 
'Special radio grade punching material with better electrical properties than Grade 772. 

Complete technical data on PANELYTE Plastics and perform- 
ance records are available. Test samples furnished upon 
request. The expanded facilities of the PANELYTE plant, and 
new manufacturing techniques developed by our engineer- 
ing staff, permit the mass production of the most intri- 
cate parts - molded or fabricated in strict accordance 

with specifications. Our comprehensive knowledge, gained 
through long and close cooperation with leading manufac- 
turers in the electrical field, may be of help to you. This 

assistance is yours either on immediate problems or in 

planning for peace -time markets. 
Write for factual data book 

MASS PRODUCTION OF SHEETS, RODS, TUBES, MOLDED FORMS, FABRICATED PARTS 

Experienced and 

01`'1SIN0 
ELr YER 

COME 

AR23ÓPÁRK,, 
NUY. 

NEeY0 

Sales Offices: Atlanta, Boston, Chicago, Dallas, Denver, Detroit, 
Kansas City, Los Angeles, Montreal, New Orleans, St. Louis, 

St. Paul, San Francisco, Seattle, Syracuse, Toronto, Trenton, Vancouver 

reliable Fabricators in Industrial Centers from coast -to -coast 
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MURDOCK RADIO PHONES 
NOTICE the soft sponge -rubber pads on 

the earphones above! They rest gently 
on the ears-are comfortable to wear for the 
many long hours on duty. And for extra 
comfort, MURDOCK Radio Phones are 
ventilated! 

With this unusual comfort, MURDOCK guar- 
antees super -sensitive, surprisingly clear re- 
ception-ruggedness that stands up under 
toughest operating conditions. That's why 
this precision -engineered Headset is pre- 
ferred by radio experts for both military 
and civilian use. 

Write for Catalogue! 

WE INVITE 

SUB -CONTRACT 
WORK 

We're busy - but 
still have facilities 
for making m o r e 
Radio Parts on a 
sub -contract basis. 
If you need outside 
manufacturing aid 
in this field, please 
write us! 

WM. I. MURDOCK CO. 
135 Carter St., Chelsea 50, Mass. 

ing wartime. Automatic air traffic 
control devices must be perfected 
which will make it possible for 
pilots to exercise a substantial 
amount of traffic separation on 
their own responsibility. These de- 
vices also should eventually make 
possible the elimination of voice as 
a communication medium in the 
control of air traffic. 

Comprehensive planning must be 
accomplished so that air traffic con- 
trol, both domestic and interna- 
tional, will not become a bottleneck 
in the future development of air 
transportation.. 

Electronic Octane Tester 
AN ELECTRONIC octane rating in- 
dicator for use with internal com- 
bustion engines was described by 
Alfred Crossley, Chicago consult- 
ing engineer, before the Chicago 
Section of IRE in January. He 
stated that application of the di- 
rect -reading instrument has proven 
extremely useful in the develop- 
ment of gasolines having octane 
ratings higher than have been 
previously available. 

The principle of operation de- 
pends upon the fact that the ideal 
internal combustion gasoline en- 
gine operates on an Otto cycle such 
as that shown at (A) in Fig. 1, in 
which a smooth curve may be 
drawn between e and f during ex- 
pansion of the gas within the cylin- 
der. Actually, the expansion curve 
contains a number of oscillations 
of comparatively high frequency 

Fig. 1-(A)-Curve of an Otto cycle for 
an ideal gasoline engine. (B)-The 
portion of the curve during the expan- 
sion period (from e to f) actually con- 
tains high -frequency oscillations of 

about 6,500 cps 
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A LOW POWER FACTOR 

IS CHARACTERISTIC OF 

Q -MAX A-27 LACQUER 

1 2 3 4 6 7 8 9 10 11 12 13 14 

FREQUENCY - 

Mian -- ....anua 

1 18 17 18 19 29 21 22 23 24 

MEGACYCLES PEz ïECONJ 
27 28 29 30 

Comparison of the curves published in the 
new Q -Max A-27 Booklet indicates that the 
power factor of Q -Max, along with its di- 
electric constant, decreases as the frequency 
increases. This is a correlation to be ex- 
pected, for it is known that the power factor 
curve reaches a maximum whenever the 
material undergoes any form of polariza- 
tion. The power factor of Q - 
Max continues to decrease 
gradually from one mega- 
cycle up to 30 megacycles, 
indicating that probably no 
further change will take 
place until atomic polariza- 
tion of the material occurs. 

Polarization in Q -Max films, should it occur, 
would probably take place somewhere in 
the upper limit of the frequency band. 

The new booklet -24 profusely illus- 
trated pages-provides full details of the 
electrical and mechanical properties of 
Q -Max A-27 Radio Frequency Lacquer. 
Send for your copy now: 

FA:TORY: 346 BERGEN AVENUE. JERSE1 CITY. N. J. 

Tuan.nsission lint and Fittings Storting Srwitehis Auto-Dryoirt. 
and Roaiating Systems . O -Max A-27 Sadie Fregrency Lacquer 
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AT 40,000 FEET .. . 

FE DE LCO-SEAL 
INSURES 

PERFECT 

OPERATING 
CONDITIONS! 

PRECISE, positive action even at 40,000 feet is 

normal for this highly sensitive relay, because 
FEDELCO-SEAL has created an ideal operating 
sphere within the housing of the relay itself. 

That is why this device can be depended upon to 
function perfectly under any condition-in the thin 
air of the stratosphere, in the moisture -laden at- 
mosphere of the sea, or below it for that matter, or 
even in places where abrasive dust, corrosive fumes 
or explosive gases prevail. 

Yes, the FEDELCO-SEAL method of providing 
ideal working conditions around the operating parts 
themselves makes good products better products, 
because now the element in which the device oper- 
ates at its peak efficiency can be incorporated as 

an integral part of the unit. Ordinary air, which 

contains mois ture, can be sealed out and a pre- 

determined operating condition-dry air or gases 

such as oxygen, helium or nitrogen under any de- 

sired pressure-can be permanently sealed in. 

Federal Electric engineers will consult with you in 

regard to surrounding the operating parts of your 
products with working conditions ideally suited for 

the job they are required to do. FEDELCO-SEAL 
will enhance the reputation of your product by giv- 

ing the user this extra in performance. 

FEDELCO-SEAL may be the something new for 
which you have been looking. Send us details of 
your problem and a sample of your product, and 
let our engineers show you what FEDELCO-SEAL 
can do for you. Call or write our engineering 
department today for detailed information. 

How Pre -determined Operating Conditions Are Sealed Into a Device by FEDELCO-SEAL 

Example: Clare Type "K" Relay 

Steel base is stamped. 
It is shown here ready 
for mounting of relay 
assembly. 

2 

Glass button with 
fused -in lead wires is 

sealed to a metal ring. 
This ring is then brazed 
to a metal skirt and 
fina lly to the steel base. 

3 

Relay ismounted and 
lead wires are sol- 
dered to the contact 
and coil. 

4 

Steel enclosure is 
placed over the relay 
assembly and brazed 
to the base, making 
an air -tight assembly. 

5 

Vessel is evacuated. Any 
pre -determined working 
conditions . dry air, 
inert gas ... at any rea- 
sonable pressure . . is 
then introduced into the 
chamber. Glass tube is 

then sealed off as shown. 

6 

Octal base is placed 
over header skirt and 
wires are soldered to 
base pins. The relay 
within the housing is now 
reody for use under any 
pre -determined condi- 
tions without regard to 
atmosphere, pressure, or 
temperature. 

FEDERAL ELECTRIC COMPANY, INC. 
8700 South State Street, Chicago 19, Illinois 

170 March 1944 - ELECTRONICS 

www.americanradiohistory.com



tectiie 

DR-17is a most useful electronic tube 
combining in its use á high voltage 
rectifier together with a means for 
varying the rectified D.C. output 
continuously from Otto 5000 volts D.0 
This is accomplished without changi g 
the applied input voltagend 
without appreciable loss in efficiency. 
In the DR -17 grid -controlled rectifier, 
this tube type has reached new heights 
of quality and dependability. Every tube 
is carefully made and inspected 
at each step in the manufacturing process. 

RATINGS 
Filament: 25 volts, 5 amperes 
Average D.C. Output: Variable from 0 to 5000 volts 
Average D.C. Output Current: 0.50 amperes 

THE E 

FEATURES 

A. Discharge completer enclosed for smooth 
control and long lite. 

B. Filament of a spiral type which hos been 
designed so that mutual heating effects 
provide very uniform filament tempera- 
ture insuring long Kllament life 

C. 3 -pillar, specially -designed stem in- 
creases mechanical strength and simpli- 
fies construction. 

D. Ample mercury provided. 
E. Rigidly adhered -to exhaust schedules in 

manufacture insure purity of mercury 
vapor for tube operation. 

F. Chemical getter and keeper rakes up any 
released impurities. 

(iERAL 
ECTRON . 

101 HAZEL STREET, PATERSON, N. J. 
CHICAGO 47, 1917 No. SPRINGFIELD AVE. 
EXPORT DEPT., 85 BROAD ST., NEW YORK 4, N. Y. 
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A PART 
OF YOUR 
POST WAR 

PLANNING 

tore 

F your post-war production plans have reached 
+he stage where you can anticipate your needs 

for screw products of definite types and sizes (or 
if you will let us help you in determining your post- 
war needs), you can protect yourself against delays 
in delivery by placing your requirements with us 

now for preferred handling when the restrictions 
on civilian production have been removed or re- 
laxed. No priority is required. 

Such orders are being accepted and held in file, 
subject to current prices when definite delivery 
dates can be set. 

By ordering now you will be assured of prompt 
deliveries while others are still in the "blue -print" 
stage. 

For your own protection-make "STRONGHOLD" 
a part of your post-war planning NOW! 

A new STRONGHOLD catalog is in pro- 
duction. Is your name on our mailing list? 

MANUFACTURERS 
SCREW PRODUCTS 
270 West Hubbard Street Chicago 10, III. 

(in the vicinity of 6500 cycles per 
second) which cause engine knock- 
ing and which impair engine effi- 
ciency and operation. These oscil- 
lations are shown at (B). By 
measuring the oscillations during 
the expansion period, the success- 
ful operation of the octane rating 
indicator is made possible. 

A pressure -operated pickup (see 
p. 302, Jan. 1944, ELECTRONICS) is 
inserted in the wall of the engine 
cylinder in such a manner that it 
responds to the variations of pres- 
sure within the cylinder. The 
changes of pressure vibrate a steel 
disc serving as the diaphragm of 
the pickup which is, essentially, an 
electrodynamic microphone. Be- 
hind the diaphragm is an iron core 
coil in which variations of the 
diaphragm induce voltages. Thus 
the pickup provides the necessary 
means of converting pressure vari- 
ations into electrical energy which 
is then amplified to a suitable level. 

Amplifier 
Trigger 
ere 01t 

Filter 

--Pickup 

--Diaphragm 

Cylinder vial/ 

Integrator 

0 

Fig. 2-Cross-section view of pressure- 
operated pickup in engine cylinder 
and block diagram of electronic stages 
in the direct reading octane rating 

indicator 

A diagram of the functional ele- 
ments of the octane indicator is 
shown in Fig. 2. The output of the 
amplifier is fed to a trigger circuit 
which maintains the electrical cir- 
cuit inoperative until the pressure 
in the cylinder reaches the point d 
in the Otto cycle. The trigger cir- 
cuit is essential in the operation 
of the instrument for accurate re- 
cording of knock intensity because 
it eliminates extraneous impulses 
from adding to the knock intensity 
indicated value. 

An alternative to the trigger cir- 
cuit is a mechanical contactor 
which is driven by the shaft of the 
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FEw women were daring enough, 
fifty years ago, to brave the 

withering blasts they faced by work- 
ing. A prominent author of the 
time wrote: "Men still prefer and 
always will prefer, the home girl 
to any other kind. They want a girl 
who has not... rubbed off the peach 
bloom of innocence by exposure to 
a rough world. It will be seen how 
many times greater are the chances 
of a girl who stays at home of re- 
taining her virtue." How times 
have changed! In this, our fiftieth 

THE WICKED WOMEN... 

anniversary year, more than half 
the people producing radios, tele- 
phones and sound equipment at 
Stromberg - Carlson are women! 
These women are becoming more 
and more important factors 
in applying the craftsman- 
ship that enables us to say: 

"There is nothing finer than a 
Stromberg -Carlson!" 

Stromberg -Carlson has complete 
facilities for the design and pro- 
duction of electronics equipment. 

Why not call on us now for 
advice and consultation on 
your postwar planning? 

STROMBERG-CARLSON 
ROCHESTER 3, NEW YORK 

A HALF -CENTURY OF FINE CRAFTSMANSHIP 
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..is making e4eWiteb 
BLOCK -BUSTERS 

A design problem holding up some war 

project in electronics is no less important 

than a strategic enemy stronghold which 

must be blasted out of action. Immediate 

and skillful handling is essential. 

Seemingly insuperable difficulties, such as 

climate, weight, shock, vibration, moisture, 

etc., assume an almost routine status at 

N -Y -T. Unusual frequency characteristics, 

critical limits on distributed capacity, im- 

munity to surges, special shielding and 

regulation requirements find speedy solu- 

tions under constant testing, devising and 

experimentation. 

Electronic "block -busters" will be needed 

in the post-war period, too. The N -Y -T 

Sample Department will be available for 

such assignments. 

NEW YORK TRANSFORMER COMPANY 
26 WAVERLY PLACE N Y NEW YORK, 3, N. Y. 
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EXPERIENCE 
COUtIlS 

in Radio Communications 

spent at Wilcox factories in 

The years manufacturing 
the development 

and 

dependable 
radio equipment have 

of 
made Wilcox the choice of major air- 

lines 
Now, Wilcox 

lines of the nation. in mili - 

equipment is performing 
alsolobe 

tary aircraft operations over the g 

WILCOX ELECTRIC 
COMPANY 

Manufacturers 
of Radio Equipment 

Fourteenth 
& Chestnut, Kansas City, Mo. 

1 1 

ELECTRONICS - March 1944 
175 

www.americanradiohistory.com



Shalicross INSTRUMENTS for 

ELECTRICAL MEASUREMENTS 

Ayrton Universal Shunts 
Standard-, Secondary-, and 
Multi -Resistance Standards 

Decade Potentiometers 
Decade Resistance Boxes 

Megohmmeters 
Percent Limit Bridges 
Wheatstone Bridges 

Kelvin -Wheatstone Bridges 
Low -Resistance Test Sets 

High -Voltage 
Measuring Apparatus 
Special Telephone and 
Telegraph Instruments 
... and many others 

Whether for laboratory, school, pro- 

duction, or maintenance use, Shalicross 

offers an extensive line of electrical 
measuring apparatus, fully tested and 

proved through years of use under, all 

conditions and in all parts of the world, 

WRITE FOR CATALOG-or describe your re 
quirements and our engineers will gladly 

make specific recommendafons. 

XHIALLCROSS MFG. CO. 
ENGINEERING DESIGNING MANUFACTURING 

Dept. E-34. Collingdale, Pa. 

engine and is therefore synchron- 
ized with it at all times. The con- 
tactor may be arranged to short - 
cuit the pickup for all of the engine 
cycle except that portion for which 
the detonation occurs. This elim- 
inates valve clatter and other ex- 
traneous impulses and permits the 
true detonation impulse to pass 
through the electronic circuits and 
be recorded. 

When the trigger circuit is 
tripped, the amplified output of the 
pickup is fed to a band-pass filter 
which is adjusted to accept that 
band of frequencies which results 
in engine knocking. An electrical 
integrating circuit totalizes the en- 
ergy variations which are passed 
by the filter, so that the output of 
the integrator is proportional to 
the amount of engine knocking. The 
meter at the output of the integra- 
tor measures this energy and may 
be calibrated in octane rating by 
burning fuels of known rating in 
the cylinder. 

The integrator comprises a di- 
ode with capacitor reservoir and 
time delay circuit which permits 
the building up of detonation volt- 
age impulses to such a value that, 
in a given time, their integrated 
value exceeds the blocking or bias 
voltage of the knock meter tube. 
When this occurs, the charge built 
up in the integrating capacitor 

ALUMINUM WELDING 

Spot-welding two .062 -inch thick pieces 
of aluminum. with 48,000 amperes of 

current. The ignitron welding control 
in the background allows the current 
to flow for eight cycles in this applica- 
tion and permits adjustment for spot- 

welding various other thicknesses of 
metal 
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rectangular magnet wire 

NOW AVAILABLE IN 

SIZES ALMOST AS THIN 

AS THE HUMAN HAIR 

The new and novel shapes of G -E Formex* magnet 
wire now being made for the war program are 

vitally interesting to makers of fine electronic and other 
electric components. 

Heretofore, .015 inch was considered the low limit 
for thickness of rectangular magnet wire. Now, G -E 
Formex magnet wire is available in ribbon -rectangular 
shapes as thin as four one -thousandths of an inch. 

Smooth, strong, flexible, and able to withstand high- 
speed winding without damage to insulation, the new 
ribbon -rectangular Formex offers great possibilities. 
On jobs where previously round wire had to be used, 
it will substantially increase winding space factor. It 
may also be used in place of larger -size, rectangular 
magnet wire to increase magnetic effect or reduce 
size of coil. 

In coil winding, varnish treatment, assembly, and 
actual operation, this new, ribbon -rectangular mag- 
net wire, like all other Formex shapes, offers many 
advantages. Note the variety of the rectangular shapes, 
shown at right. 

For further information on the use and selection of 
Formex magnet wire, ask the nearest G -E office for 
Bulletin GEA -3911. General Electric Company, 
Schenectady, N. Y. 

HERE ARE SOME OF THE SIZES 
OF RIBBON FORMEX 

THICKNESS 
IN MILS 

I WIDTH 
IN MILS 

NOMINAL 
CIRCULAR -MIL 

AREA 

NOMINAL RESIST - 
ANCE, OHMS PER 1000 

FT AT 25 DEG C 

4.0 100 506 1 20.85 

5.0 100 632 16.70 

5.0 85 537 19.65 

5.0 125 791 13.33 

5.6 112 793 13.30 

6.0 125 946 11.15 

6.7 100 845 12.50 

7.5 85 802 13.15 

8.0 100 1007 10.50 

9.5 125 1496 ' 7.07 

Every week 192,000 G -E employees purchase more than a million 
dollars' worth of War Bonds. 

GENERAL ELECTRIC 
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b NEWCOMB CARLTON 
will NILLIAMS CHAIRMAN OF THE BOARD 

o, A. N. 
PRESIDENT 

tegram, subject to the ternis on bac hereof, which are hereby agreed to 

ES ERN 
Io 

1206 

J. C. WILLEVER 
FIRST VICE-PRESIDENT 

1944, FEB. 17 

TO OUR CUSTOMERS: 

CONTINUING OUR 
SURVEY OF THEPRACTICES, 

CONDITIONS AND 
PROCEDURES 

THAT BEEN EXISTENT 
IN THE WIRE AND 

CABLE INDUSTRY OVER 
SE POLICIES HAVE 

YEARS, WE ARE 
SATISFIED THAT 

THE 

EjBNIFIlOFS TO 

SOME 

ALL BRANCHES OF THE 

CANNOT HELP BUT 
RESULT IN SUBSTANTIALTHE GENERAL PUBLIC. 

ELECTRICAL INDUSTRY, 
TO ALL CUSTOMERS 

AND TO 

DEVELOP THE NEED 
FOR CORRECTIVE 

MEASURES, WE WILL, 
IN 

AS OUR STUDIES PROMPTLY INSTITUTE SUCH 
CHANGES AS 

LINE WITH OUR 
CONSISTENT POLICY, 

PROMPTLY 

WARRANT. 

EXPERIENCE AN CLEARANCE 

AT THIS TIME WE FEEL 
IT INCUMBENT LSUPON 

US TO ASSUME 

CASES WHICH ARE 
USED FOR 

OF THE DECKS" 
IN RESPECTOTOF 

OUR 

REELS, 

NIAIdUFACTURE. 

THE SHIPMENT OF 
PRODUCTS 

EFFECTIVE MARCH 
1, ALL GENERAL 

CABLE CORPORATIONOCONTAILE S WILL BE 

BE SHIPPED ON 
A "NO CHARGED BASIS 

AND NO PAYMENT 
OR 

WE HAVE CONFIDENCE 
THAT OPERATION 

OF THIS PLAN 
WILL RECEIVE 

VS IT 

SUPPORT AND COOPERATION 
OF ALL PARTIES 

PCONSUMING 

AT 

METHOD OF HANDLING 

DOES THE PRESENT COSTLY AND I.,A 

CONTAINERS. IT IS REQUESTED THAT 
ALL GENERAL A 

LEI HT 
CORPCORATION 

. 

RETURNABLE TYPE 
CONTAINERS BE 

RETURNED PROMPT 
, 

LLECT 

WE WILL ALLOW CREDIT 
FOR THE RETURN 

OF ALL PCCONNTAIINERSAID 

F, RYOU 

HAVE 

ED 

BEEN BILLED FOR 
AS CONTAINERS ND 

TNDON 

WHICH 

ON OR BEFORE FEBRUARY 
28, 1945. 

THEY ARE RETURNED 
IN GOOD CO 

AFTER THAT DATE, 
NO CREDIT WILL 

BE ALLOWED FOR 
THE RETURN OF CONTAINERS. 

THE COOPERATIVE 
EFFORT OF ALL 

CONCERNED WILL 

TO CONTINUEDETERMINE 

THE 

EFFECTIVENESS OF 
OUR POLICY AND 

OF OUR 

CORPORATION.... 
GENERAL CABLE 

C O R P 0 R A T 1 O 
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ANOTHER SERVICE STRIPE! 

45 YEARS 
of Practical Solder 

Experience at 
Your Command! 

Forty-five years of doing one thing-and 
doing it well-means an accumulation of sure- 
footed skill that can be used to avoid mistakes, im- 
prove procedure, build more profitable business operation. 

Kester's forty-five years of developing, making and improving 
soldering alloys and fluxes-forty-five years of experience in their 
practical application to every industrial use-offers a unique 
advantage to manufacturers and maintenance and service men. 

Kester's store of knowledge about solder is at your service! 
Kester engineers and laboratory technicians will gladly assist 
you, without obligation, in setting up any soldering operation to 
obtain smoothest production, best and most profitable results. 

Kester Solder products-the famous Cored Solders, fluxing 
compounds, wire solders and specialties-offer a complete and 
outstanding solder service to industry. Kester patents, based on 
years of careful research, cover many important and exclusive 
developments-acid-core solder that positively will not leak, and 
a plastic rosin flux that will not disintegrate, to mention only two. 

Whatever your solder requirements, put them up to Kester! 
You'll get prompt, skillful cooperation! 

KESTER SOLDER COMPANY 
4204 Wrightwood Avenue, Chicago, Illinois 
Eastern Plant: Newark. N. 1. Canadian Plant: Brantford, Ont. 

* BUY WAR BONDS * 
TIN ORDER AMENDED. For the present, if >,,n require 
solder of more than 20% tin content, certify use on Rester 
orders; under WPB Order M-43 as amended November 3, 
1943. Priorities Preference Ratings now govern only the 
scheduling of deliveries. 

/1:7iiu4t ZuaEil 
FOR 

45 
YEARS 

Ie9T1914 

`ESTER SOLDER J 

KESTER 
GaeC voeiv- 

STANDARD FOR INDUSTRY 

"dumps" or flows over to the grid 
of the meter tube and causes cur- 
rent to flow through it; this cur- 
rent is indicated visually on the 
meter to register knock intensity. 

In use, the engine is run with a 
fuel of known octane rating, and 
the electronic circuits are so ad- 
justed that the maximum amplitude 
of the damped wave has some 
known value. The engine is then 
switched to burn the unknown fuel, 
and the deflection is again noted. 
A greater deflection for the un- 
known fuel would indicate higher 
knock and therefore a lower octane 
rating. The octane rating for the 
unknown fuel can then be ascer- 
tained from the ratio of the read- 
ings for the two different fuels. 

The very rigid requirements of 
the pickup made it necessary to 
develop a device whose electrical 
output would not only be propor- 
tional to the pressure on its dia- 
phragm but which was rugged and 
capable of continuous operation at 
temperatures as high as 350 deg. 
The pickup and amplifier may be 
fed into an oscilloscope to trace out 
the Otto cycle if this is required. 

Electronic Control for 
Constant Illumination 

By JOHN K. HILLIARD 
Altee Lansing Corporation 

HIGH PRESSURE mercury vapor 
lamps have been available the past 
few years as high -efficiency sources 
of light in the blue and ultraviolet 
spectrum. Lamps of this type using 
pressures beyond 100 atmospheres 
have an intrinsic brightness equal 
to that of the sun at the earth's 
surface. 

The lamps consist of a small 
evacuated capillary of glass or 
quartz into which a small amount 
of mercury has been sealed in 
manufacture. The pressure of the 
mercury in the vapor phase de- 
pends upon the temperature of the 
mercury in the liquid condition. 
The least flicker occurs when all 
of the mercury is in the vapor 
stage and the pressure rises in pro- 
portion to the increase in temper- 
ature. In this state, slow changes 
in temperature cause variation in 
output. The lamps are cooled by 
air in the case of the small 100 to 
400 -watt lamps and by a stream of 
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er . oax ansmission Line 
Proves Its Stamina on Every Front 

In any area of combat and wherever the per- 
form lac- requirements are most severe, there 
Federal's Ultra High Frequency Coaxial Cable 
mfusuies up to every test for extreme rugged- 
ness, strength and endurance. 

Made of solid dielectric, flexible, moisture -proof 
and efficient in any temperature - meeting all 
specifications with precision accuracy and uni- Radio Ranges and In- 
formity - Federal's Transmission Line embodies strument Landing Sys- 

tems by phenomenal characteristics never before achieved Federalanu markftured the p in - 
i n coaxial cable manufacture. cipal air routes of the 

Nation and control the Federal is outstanding ün the field because it landing at many leading 
specializes in High Frequency Coaxial Cable, with airports. Pioneers in the 

development of Aerial vast experience and knowledge behind its pioner- Navigation Equipment, 
ing developments. It is tie largest high frequency Federal has made spec - 
cable manufacturer, producing in volume a range tacular contributions to, 

aviation progress. of sizes from the smallest for delicate and sensi- 
tive instruments to power cable for heavy service. 

Federal's engineering skill is ready to solve any 
high frequency cable problem. Its productive ca- 
pacity, keyed to all special demands, will make 
and deliver any required size, low loss, quality, 
Solid Dielectric Ultra High Frequency Coaxial 
Transmission Line. 

Federal home a d ,adío (ori oral/oil 
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Why most electronic tube contacts 
are made by MULTI -SWAGE 

ORIGINALLY, electronic tube contacts were 
machined out of solid rod of a section as 

large as the largest diameter of the finished piece. 
The center hole was drilled out. When made by 
the Bead Chain "Multi -Swage" Process, contacts 
are automatically swaged from flat stock. As no 
machining or drilling are required, there is no 
waste from cutting down or drilling. Therefore 
the economy of "Multi -Swage" is considerable. 

Savings of over seventy-five percent in the cost 
of finished contacts has been realized by electronic 
tube manufacturers through the use of "Multi - 
Swage" parts. Assembly, also, proved less costly. 
Any number of "Multi -Swage" contacts can be 
staked -in simultaneously. 

Back the Attack 
THE MOST ECONOMICAL METHOD OF PRODUCING SMALL 

It is well worth your while to see if the small 
solid or hollow cylindrical metal parts you are 
using can be made by the "Multi -Swage" Process. 
Our Research and Development Division will 
gladly work with you. Plan to have the parts of 
your post-war products made by "Multi -Swage." 

77AD CH. 

multiswag e 
PROCESS 

These are typical 
"Multi -Swage" prod- 
ucts. This process will 
turn out large volume 
speedily while main- 
taining close tolerances 
accurately. 

Buy War Bonds 
METAL PARTS TO CLOSE TOLERANCES WITHOUT WASTE 

THE BEAD CHAIN MANUFACTURING COMPANY 
88 MOUNTAIN GROVE STREET, BRIDGEPORT 5, CONNECTICUT 
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SARNIA, ONT. 

y 
You can get Auto -Lite wire and 
cable in a full range of sizes, shapes 
and materials. 

The conditions for wire and cable 
vary greatly. Auto -Lite can supply 
your needs and, when it is desirable, 
help you determine the wire or cable 
which will give you best results. 

Insulations of all types are avail- 
able including special developments 
like Auto-Lite's Vega Chromoxide 
Enamel, an insulation of decided 
advantage where resistance to heat 
is of paramount importance. 

For further information on your 
specific problem, write to 

THE ELECTRIC AUTO -LITE COMPANY 
Wire Division 

PORT HURON, MICH. 

Bock the Attack-Buy War Bonds 

r 

Wide Range ofjTypes 
Wire is supplied for mag- 
net coils, aircraft and auto- 
motive electrical systems, 
ignition cable, radio wire 
end flexible cord and other 
assemblies. 

Wide Range of 
Shapes and Sizes 

Wire is drawn round, 
square or rectangular in 
all sizes. A complete 
:election of materials is 
aflered. 

Wide Range of 
Insulations 

Insulations of all types 
are available including 
special developments like 
Auto -Life's 8 -Braid Vino- 
ite Insulated Ca tole, whose 

esistance to abrasion has 
been of great advantage 
n aircraft building. 

TUNE IN "EVERYTHING FOR THE BOYS" STARRING RONALD COLMAN-EVERY TUESDAY NIGHT-NBC (NETWORK 
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T H OUSANDS 
Of 

D SE sM 
to 

perfed Centrar 
Complete of pllied's 
Speeds 

procurement 
sp 

Radio 

Electronics 

Everything 
in ña all parts of the 

Every 

hour .. f romtal electronic 
an 

day .every 
urgent calls for to deliver the 

Every e urg 
Allied if able around. e 

country ' ' lies -because A man-hours 
all 

trated 
radio fast' d save precious are concentrated 
goods faster an under one roof, fete stocks 

ere, con's most equipment 
the largest and 

and radio q 

ermore_A1hed's °f electronic Furth in contact 
available tent 

experts are and 

procurement manufacturers their 
with all leading data", 

Th 

have latest 
fingertips centralized service 

complete, ent and ex- 

pedites 

sim procurement 
simplifies 

Your P 
Of 

diversi- 

fied 

a 
Save time- 

Call 

eds at one 
tim with 

first! You 
Allied 
source instead 

Of 
many. You 

just p°e order for everything. 

Save 
Time 

.r 4. 

Call AIMED 
First 

,.."-- 

NEW Rapid R -F Resonance 
and Coil Winding Calculator 

New, dual-purpose Calculator devised by 
Allied for fast and accurate determination 
of resonance factors and coil winding data. 
Simple, easy to use. Send for it now. 
Price net, only 25e 

Write, Wire or Phone Haymarket 6800. 

riz All these well known makes-and MORE 
RCA 
Raytheon 
Hickok 
Triplett 
Supreme 
Mallory 
Ohmite 
IRC 
Centralab 
Burgess 
Knight 
Bliley 

ALLIED RADIO CORP. 
833 W. JACKSON, Dept. 24-C-4, CHICAGO 7, U.S.A. N 111111 

Sprague 
Aerovox 
Hallicrafters 
Hammarlund 
E. F. Johnson 
Cutler -Hammer 
Hart & Hageman 
Littlefuse 
Stancor 
Thordarson 

General Electric Belden 
Cornell-Dubilier Meissner 

Amphenol 
Shure 
Astatic 
Amperite 
Jensen 
Wan 
Janette 
Sangamo 
Dumont 
Bussmau 

all111111 MI 
III. 

FREE 
Today's 

Most 
Complete 
Up-toDate 
BUYING 
GUIDE 

RUBBER 

TUBE 

360 V 

G SUPPLY 

BLOWER 

LASS JACKET 

BALLABT RESISTARC_ 
ITURGSTER LARRI 

BE IES B0Te1 

Circuit for maintaining constant illumi- 
nation by blowing more air around a 
mercury vapor lamp when the line 
voltage rises and less air when it 

decreases 

water in the case of the 1 -kw lamp. 
Normally on a -c the lamps are 

operated with a ballast reactor and 
on d -c with a ballast resistance. 
For good regulation, the drop in the 
ballast should be at least equal to 
the arc drop. In order to obtain a 
variable range of illumination by 
varying the power supplied to the 
lamp, some auxiliary equipment 
must be used. 

Precise control of the air cooled 
lamps may be obtained by using a 
blower motor to force air directly 
around the capillary tube. The 
standard mercury vapor lamp is 
modified by removing the envelope 
near the base. This envelope is nor- 
mally supplied around the capillary 
so that there will be a small amount 
of still air surrounding the capil- 
lary and thus keep moving air from 
changing the temperature of the 
tube and, as a result, change the 
illumination. A new jacket is sup- 
plied which provides for a connec- 
tion to the blower on one end and 
an exhaustion on the other end. 
This method consists of using a 
small d -c motor placed directly 
across the lamp terminals to oper- 
ate the fan blower. The amount of 
air delivered then is proportional 
to the square of the voltage across 
the arc. 

Striking Arc 

The motor is so selected that it 
will not blow air through the lamp 
jacket until the arc voltage builds 
up to at least 100 percent greater 
than its voltage after the arc has 
struck (15-25 volts). This is neces- 
sary, as otherwise, the cool air from 
the blower would never allow the 
pressure in the lamp to build up. 

In order to limit the starting 
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se liier amime ftiiwtùm 

They prevent vibration IDcsening by means of their exclusive 
Double Spring-Tensior Lock that ABSORBS the vibration They 

are applied taster and so reduce assembly time and costs, 
tremendously They avoid use of wrenches and needless han- 
dling of parts They cre even made in scores of ingenious 
shapes that completely elfi ninate two or more parts Their wide 
bearing surface removes the need for spanner washers They 
save from 50% to 80% in weight If you do not have our 20 
page summary cataloc No. 185, write foi your copy today. 

TINNERMAN PRODUCTS, INC. 
2106 FULTON ROAD, CLEVELAND 13, OHIO 

Walace Barnes Co., Ltd., Hamaton, Ontario Simsionds Aerocessories, Ltd. London 

F ríEi i T' mug: , 8r: J.ir 111111> 
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THAT MAKE ELECTRONS "GO TO TOWN" 

HERE are two partners that have taken the "impos- 
sible" out of hundreds of wartime control prob- 

lems. One is the electronic tube in its infinite variety of 
types and applications. The other is Automatic Electric 
control apparatus-the relays, stepping switches and 
other devices which serve as "muscles" for the miracles 
of electronic science. Together, they are helping to 
speed new electronic ideas through the laboratory 
and put them to practical use on the production line 
and on the fighting fronts. 

Automatic Electric field engineers are working daily 

.s. 
AND OTHER CONTROL DEVICES 

4 AUTOMATIC 
ELECTRIC 

with the makers of electronic devices of every kind, 
offering time -saving suggestions for the selection of 
the right control apparatus for each job, and extending 
the benefit of the technique which comes from fifty 
years of experience in electrical control applications. 

Let us pool our knowledge with yours. First step is 
to get a copy of the Automatic Electric catalog on con- 
trol devices. Then, if you would like competent help 
in selecting the right combination for your needs, 
call in our field engineer. His recommendations will 
save you time and money. 

AUTOMATIC ELECTRIC SALES CORPORATION 

1033 West Van Buren Street 

Chicago 7, Illinois 

In Canada: Automatic Electric (Canada) Limited, Toronto 

MUSCLES FOR 1'.- THE MIRACLES OF ELECTRONICS 
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CORNING 
means 

Research in Glass 

IT wasn't so long ago that soldering metal 
to glass was considered an impossibility. 

Yet today Corning Glass has developed a 
metallizing method whereby the base for 
the solder actually becomes an integral part 
of the glass itself, producing permanent 
hermetic seals. The metallized layer solders 
as easily as brass or copper and is not 
harmed by normal soldering temperatures. 
Parts can be soldered to it by an ordinary 
soldering iron, soft air -gas flame or induc- 
tion heating. Truly, in this case, you can 
put one and one together-and get one! 

Best of all, Corning type metallizing can 
now be applied to an extremely wide range 
of Corning's. standard and extra -strong 
glasses. Where extreme resistance to ther- 
mal or mechanical shock is required it can 
be applied to tempered glass. Where elec- 
trical characteristics are of prime impor- 
tance it can be applied to some of the special 
low -loss glasses such as Corning's "Pyrex" 
Multiform Glass No. 790. 
If you have a difficult assembly problem on 
units which must be sealed against leakage 
of air, oil or water-Corning's metallizing 
method may very well prove an efficient, 
money -saving answer for you. But whatever 
your problem, we want you to know that 
Corning's unmatched "know how" in glass 
is always at your service. As a starter we'd 
like you to have a free detailed study called 
"There Will Be More Glass Parts In Post- 
war Electrical Products." Simply write the 
Electronic Sales Department E-3 Bulb and 
Tubing Division, Corning Glass Works, 
Corning, N. Y. 

Electronic Glassware 

"PYHI?X._ rim! "CORNING" are registered trade -marks of Corning Glass 1Vorks 

ELECTRONICS - March 1944 187 

www.americanradiohistory.com



( 

"KNOW-HOW" 
in Design 

in Manufacture 

in Delivery 

PRACTICAL experience sharpened and 
broadened by the exacting test of war. 

Such is the story of Templetone's amazing 
progress and growth in the field of elec- 

tronics. From the designing stage, through 
every phase of manufacture to "on the 
dot" deliveries, Templetone's proven 
"know-how" in serving Uncle Sam pre- 
sages even greater Templetone progress in 
the peacetime era to come. 

Electronics Division 

TEMPLETONE 
RADIO COMPANY 

Mystic, Conn. 

Mercury vapor lamp assembly as used 
in a typical motion picture printer at 
Paramount Pictures, Inc. for making 

release prints 

current of the arc lamp when used 
on d -c, the ballst resistance is a 
tungsten lamp of the proper rat- 
ing. Because of the positive resis- 
tance characteristic of the lamp, it 
permits a high current to flow until 
the filament becomes hot and bien, 
as the resistance increases, the cur- 
rent decreases to a nominal value. 

If the supply voltage tends to 
decrease, the motor slows down, 
delivering less air, the lamp heats 
up, decreasing the rising current 
to keep the voltage constant and 
the illumination remains un- 
changed. If the voltage rises, the 
motor speeds úp and forces more 
air to cool the lamp and the vol- 
tage goes down and the current 
rises to a normal value to maintain 
a constant wattage and illumina- 
tion. Such a regulator varies the 
current and voltage over a wide 
range and yet maintains the lamp 
at a given wattage and constant 
illumination. 

Electronic Method 

Another method that has been 
found very practical for photo- 
graphic printing has been to use 
a photoelectrically controlled lamp 
in series with a resistance adjusted 
to absorb the difference of vol - 

188 March 1944- ELECTRONICS 

www.americanradiohistory.com



 

FURNACE 

SATURABLE CORE REACTOR I 
i 

L. 
ANODE 

TRANSFORMER 

J1 I 7 
CONTROL 000 
CIRCUIT 

FURNATRON 
REGULATOR 

TEMPERATURE 
INDICATING 

THERMOCOUPLE 

SURGE 
RESISTOR 

AMMETER 
I 

CONTROLLING 
PYROMETER 

HOW THE 
FURNATRON WORKS 

Fundamentally, the Furnatron regu- 

lator automatically controls the satura- 

tion current of a saturable core reactor 

connected in the furnace element 

supply line. The Furnatron functions 

as an electric rectifier, to supply d -c 

power to reactor core, and thereby 

adjust the line voltage to the furnace. 

The flow of current is adjusted auto- 

matically, in accordance with the indi- 

cations of a controlling pyrometer 

which operates in conjunction with a 

thermocouple in the furnace. 

FOR ACCURATE 

AUTOMATIC FURNACE CONTROL 

The answer o fluctuating temperatures in resistance -type electrical 
furnaces is pro 'ded by the new Westinghouse -developed electronic 
device-Furnatr *. This regulator operates to provide accurate 
control of the alte ìating current reaching the furnace, and is equally 
adaptable for singleçphase or three-phase systems. 

Furnatron is availele as a separate regulator or as a complete \ control unit, panel mdfinted. The complete unit normally consists of 
Furnatron regulator, controlling pyrometer, control switches, and, 

in Sertain cases, an anode transformer. If desired, meters to indicate 
the tower flowing into thädurnace can be incorporated in the panel. 

Theirnatron system of pntrolling the furnace temperature is the 
most accurate available toda . Its speed of response is limited only 
by the pyr p eter and furnac itself. For complete details, call your 
nearest Westinghouse repres tative. Westinghouse Electric & 

Manufacturing `Company, East B4tsburgh, Pennsylvania. J-60546 
*Trade -Mark Registered \ 

\ \ 

Westinghouse 
PLANTS IN 25 CITIES ...OFFICES EVERYWHERE 

electronic controls 
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ELECTRON TUBES 

F1GhiTER 

PLANE_ 
17,; ;:aLs 

A JUMPING 

ROARING, SNORTING 

JEEP 
NEEDS 20 TUBES 

A LARGE TANK 
USES 60 TUBES 

D 

PARATROOPERS' 

RADIO SETS 

ARE ON THE 

^RUST LIST 

CARRIERS AND THEIR PLANES 

REQUIRE OVER 40,000 RADIO TUBES 

KE® Every ship that sails the 
sea every plane that 

flies the air every tank in every 
terrain must first have its full 
complement of electron tubes 

TRANSMITTING TUBES 

CATHODE RAY TUBES 

SPECIAL PURPOSE TUBES 

A BOMBER 
REQUIRES 

350 TUBES 

LIFE RAFTS 
CARRY AUTOMATIC 

RADIO. TRANSMITTERS 

P -T BOATS 
ARE EQUIPPED 

WITH 600 TUBES 

WALKIE-TALKIE 
EQUIPMENT INCLUDES 

7 TUBES 

Years before Pearl Harbor Ken -Rad 
tubes were shipped to sixty coun- 
tries on every continent and to 
major islands in every sea In war 
or peace Ken -Rad serves the world 

KE N -RAD 
;EXECUTIVE OFFICES . 

O ,_W E N S B O R O KENTUCKY 
EXPORTS 15 MOORE STREET NEW YORK 

METAL AND VHF TUBES 

INCANDESCENT LAMPS 

FLUORESCENT LAMPS 
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8LILEY CRYSTALS 
RIDE WITH THE SCR -299 

Built by Iiiillïcriuflprs 

$a,Y, r.PP.. 

ONE of the outstanding achievements in wartime 
radio transmitter design is the SCR -299. Serving 

equally well as a mobile or stationary radio station., 
this now famous equipment is doing a real job on our 
battle fronts. 

This war is run by radio. The vital importance of 
maintaining reliable communications necessitates the 
selection of quartz crystal units that are accurate and 
dependable. Bliley Crystals are engineered for service 
.. , they are used in all branches of military communi- 
cations and are, of course, supplied for the SCR -299. 

BACK THE ATTACK WITH WAR BONDS 

BLILEY ELECTRIC CO., ERIE, 

ELECTRONICS - March 1944 19! 

www.americanradiohistory.com



2ow tiny Piezo Crystals 

do their part to make this 

a brighter, better world! 

When those big, long range raiders strike 
deep behind enemy lines, crystals ride along 
-doing their small, but mighty important 
job, of keeping alive the line of communica- 
tions from plane to plane, and from raider 
force to home base. 

To fulfill this responsibility, crystals 
must be perfect. Here at Scientific Radio 
Products Company we're proud to be en- 
gaged in the important work of making per- 
fect crystals for the allied nations. That's 
where the big share of our output goes-but 
our facilities are such that we may be able 
to serve you, too, in your efforts to bring 
destruction to the enemy - and make this 
world a better place to live. Write us. 

71e vaceL 
738 W. BROADWAY, COUNCIL BLUFFS, IA 

LEO MEYERSON W9GFO 
E. M. SHIDELER W9IFI 

MANUFACTURERS OF PIEZO ELECTRIC CRYSTALS AND ASSOCIATED EQUIPMENT 

tage between the line and that 
needed by the lamp. This method 
was suggested by Hanovia Chem- 
ical & Mfg. Co. The control circuit 
is shown and consists of two 6L6 - 
type vacuum tubes connected across 
the lamp so that the plate -to - 
cathode current of these tubes is 
in parallel with the lamp. Plate 
current is adjusted to approxi- 
mately 75 ma, halfway between 
zero and the maximum allowable 
current. The grid voltages are then 
varied so as to render the tubes 
capable of changing the current 
through the lamp over the range of 
0 to 150 ma. The control grids 
are operated by the amplified vol- 
tages from a phototube which de- 
rives its light from the optical 
path between the lamp and the 
film. A 929 blue -sensitive photo - 
tube is connected in series with a 
small microammeter. In this man- 
ner the meter serves to indicate 
exposure, and it is possible to re- 
place lamps from time to time and 
be able to repeat these exposures 
consistently. 

Since the maximum rating of 
the phototube is 20 microamperes, 
it is necessary to restrict the 
metered light to less than this 
amount. The voltage generated by 
the phototube across a resistor R, 
controls the bias on the control grid 
of amplifier V,. If no current flows 
in the phototube the bias of V. be - 

Circuit of electronic method of obtain- 
ing constant illumination. Variation of 
light causes the phototube and ampli- 
fier to change the current through the 

lamp instantaneously 
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Let's Talk About Plastic Housi.igs 

When housing problems arise, take a 
tip from the turtle. His plastic casing 
is a model of good design. Light in 
weight, it has toughness and strength 
in proportion to the protection it 
must give-and, large or small, the 
hoúsing of the turtle always fits its 
tenant and his operations. 

Burgess Vibro -tool with 
MIIMARITü housing ... shock- 
proof-comfortable to handle - 

50% lighter than metal. 

For mechanical and electrical housings, such 
as control boxes, hand tools, shavers, radios, 
telephones, etc., it is logical to turn to plastics. 
Lumarith, in both cellulose -acetate and ethyl - 
cellulose formulae, brackets the full range of 
thermoplastic advantages. There is a Lumarith 
formula for every housing job. High impact 
strength, dielectric strength, moldability, 
toughness, dimensional stability at all tem- 

TUNE IN 
The Celanese* Hour - "Great Moments in-Mttsic"* 
Columbia Network, Wednesdays, 10 P. M., E. W. T. 

peratures, transparency, color and 
surface permanence can be obtained 
by specification. All Lumarith plas- 
tics are distinguished by their lack 
of brittleness. 

It is likely that Lumarith is being 
used for housings of the type in 
which you are interested. You are 

cordially invited to call on our technical staff for 
factual assistance. Celanese Celluloid Corpora- 
tion, The First Name in Plastics, a division of 
Celanese. Corporation of America, 180 Madison 
Avenue, New York City 16. 
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For highest "Q", lówest dosses, maximum stability, 
hniik.i'""`4drift where matchless performance only is 

acceptable you will find cores made with GAW CAR- 

BONYL ÌRO P ! W.' R. 

The difference in cost between iron cores made with 

GAW CARBONYL IRON POWDER and iron cores made 

with other iron powders can be measured in pennies. 

The difference in performance between sets equipped 
with GAW CARBONYL IRON CORES and those 

equipped with ordinary iron cores cannot be measured 
in dollars. 

GAW CARBONYL IRON POWDERS 
"THE, "SF" «E, "C" «Lee 

Samples will be mailed upon request. 

The services of our Research Department are available 
without cost. 

Address all inquiries to 

GENERAL ANILINE WORKS 
A division of 

General Aniline and Film Corporation 
435 Hudson St., New York, N. Y. 

Manufacturers and Sole Distributors 

194 March 1944 - ELECTRONICS 

www.americanradiohistory.com



d eral5 Field Telephone 

carries the voice of Victory e in every battle seto 

of the Telephone Field Set in coordinating the action of 

The importance among vital military equipment. 

makes it outstanding manufacturer 

In 
the armed forces used 

less than two Years. Federal has become 
munication,'th 

EE -8-B, 

compact instrument other armed services 
of this Signal Core 
by the United States Army 

forward. 
wherever new fronts are smashing 

e 

this accomplishment 
is the broad p 

ions 
eacet 

mi bexperience, 
Responsible for 

ackground 

telephone developments the world 
in 
over 

the of Federal's engineering experience in communlca 

nt 
long identified with pioneering 

methods and new equipment 

is not only concerned with new 
to communications needs 

cause of victory, but in their application 

now and when peace comes. 

* Federal's Telephone Divi` 

sian also manufactures, for 
o- 

eRport and other 
ouses, sese tete- 

matic central 
phone equipment, automatic 

private and private branch 

exchange switchboard 
,r tele- 

phones and acomP lenge 
cf telephone equipment' 

Federal Te/ephone and Radio Corporation 
Newark, N. J. 

TELEPHONE 
DIVISION TgT 

N. J. 

DIVISION s!rr 
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Probably the most important single factor in modern 
warfare is complete, dependable communications. De- 
pendable communications require a dependable power 
supply. Pincor is proud of its part in furnishing portable 
gasoline -driven and other electrical power supply units 
to the fighting front as well as to the home front. 

Look to Pincor for your postwar needs in power plants, 
motors, converters and battery chargers. 

DYNAMOTORS ... CONVERTERS 

GENERATORS .... D C MOTORS 

POWER PLANTS...GEN-E-MOTORS 

BUY WAR BONDS! 

PIONEER GEN -E -MOTOR 
5841 W. DICKENS AVE. 
CHICAGO 39, ILLINOIS 
EXPORT ADDRESS: 25 WARREN STREET, NEW YORK 7, U. S. A. CABLE. ADDRESS: SIMONTRICE, NEW YORK 

comes zero. This allows the tube to 
draw current through its plate re- 
sistor, and the plate assumes a low 
potential with respect to its ca- 
thode. The plate of this tube is 
connected through a battery to the 
control grids of V, and Va in such a 
way that the grids of these tubes 
are always this amount negative 
with respect to the plate of V,. 
Therefore, whenever the plate of 
V, assumes a potential less than 22i 
volts above its cathode, the grids of 
V, and Va become negative with re- 
spect to their cathodes and the 
plate current is varied. 

Accuracy 

Since these tubes have a high 
amplification factor, a very small 
change of phototube current is 
capable of completely controlling 
the plate currents of the last two 
tubes, which in turn control within 
very close limits the exposure pro- 
vided by the mercury arc lamp. 
The circuit is arranged so that an 
increase of light on the phototube 
will reduce the current through the 
lamp and correspondingly reduce 
the exposure of the film. Inasmuch 
as the operation of the control cir- 
cuit is practically instantaneous, 
any fluctuations in the arc lamp or 
changes in supply voltage that 
might vary the exposure are sup- 
pressed. This type of control cir- 
cuit operates very satisfactorily 
with low -voltage mercury arc lamps 
of 100 and 250 -watt size and per- 
mits the use of mercury lights from 
a 220 -volt d -c supply. 

The motor blower control method 
permits accurate control over a 
range of 50 to 150 watts with the 
100 -watt lamp while the phototube 
method is limited to approximately 
plus and minus 10 percent of the 
rated 100 -watt unit. Both of these 
methods can be used for lamps of 
different sizes by changing the 
constants of the control circuits. 

Operation of both types of con- 
trol over a long period of time has 
indicated that it is possible to hold 
the illumination such that the vari- 
ation will be not greater than 1 to 
2 percent as a result of a change in 
line voltage, room temperature or 
age of the arc lamp. 

Mercury arc lamps with this 
type of control are particularly 
suited for printing motion picture 
film since the spectrum of the lamp 
(violet and ultra-violet) is in the 
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If you believe in the future of America as we 
do, then we're asking for an appointment im- 
mediately after the victory has been won .. . 

when a bright new era awaits us all. 
Perhaps we can talk about a coil problem 

... how thoroughly we're organized to help 
you on such a problem only military censor- 
ship forbids telling now. Or it may be that 
you manufacture your own coils and will be in- 
terested in discussing magnet wire-any shape 
-any insulation that your operations require. 

e s get together! 
As a matter of fact, perhaps we can get to- 
gether now, but if it happens we can't, remem- 
ber we have a date in and for the future. When 
we both can keep it, you can again take advan- 
tage of Anaconda service and the benefits 
derived from the single product control "from 
mine to consumer" backed by years of contin- 
uous metallurgical experience .s6 

ANACONDA WIRE & CABLE COMPANY 
General Offices: 25 Broadway ,New York 4 

Chicago Office: 20 N.Wacker Drive 6 
Subsidiary of Anaconda Copper Mining Co. 

Sales Offices in Principal Cities 

A A 

This familiar trade-mark 
symbolizes the best ef- 
forts of modern research 

and production. 

ANACONDA WIRE & CABLE COMPANY 
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Facsimile 
1L3©Ii\11-2 

SIG G ENGI S AND NU 

ELECTRONIC INDUSTRIAL & COMktUNIC , 
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MANUFACTURE 
ASSURES ADHERENCE TO SPECIFICATIONS 

Recently our plant was inspected 
by a group of well-known 
ceramic engineers who were par- 
ticularly impressed by our qual- 

ity and dimensional control methods. 
Their verdict was: "the best we have seen 

in the industry". 
We were not fishing for this gratifying 

compliment. Our job is to make the Steatite 
Insulators to conform to customer's specifi- 
cations, and precision control of our manu - 

GENERAL 
C[OOMIü ... HUME COEPECIITIO j 

TITE IILATUNS 

facturing process is an integral part of our 
organization. 

When making new parts for a customer, 
we provide a unique production checking 
service including a preview of the actual 
part in the form of an advanced sample 
accompanied by a detailed sample report. 

After customer's approval of the sample 
and report, adherence to specifications is 

guaranteed. 

AND STEATITE CORP. 
KEASBEY NEW JERSEY 
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THE 

CONDENSER 

LINE OF 

UNSURPASSED 

QUALITY 

PAPER, OIL AND ELECTROLYTIC CONDENSERS 

INDUSTRIAL 

DISTRICT OFFICES IN PRINCIPAL CITIES 
QUICK DELIVERY FROM DISTRIBUTOR'S STOCKS 

This motion picture printing machine 
contains a mercury vapor lamp at 
upper right and a motor blower for 
illumination control at lower right. The 
cylindrical pipe connects the two units 

region where the film is most sensi- 
tive. For this reason only a small 
fraction of the wattage necessary 
with an incandescent lamp is re- 
quired with the mercury lamp to 
obtain the necessary exposure. This 
reduction in power permits cooler 
operation of the optical system as 
well as less chance for the film to 
buckle or shrink as is sometimes 
the case when high-powered in- 
candescent lamps are used. 

The extensive use of fine grained 
films which have a speed from one- 
half to one -tenth of regular posi- 
tive stock has been considerably 
advanced by the mercury lamp and 
control, and several commercial film 
laboratories use these methods to 
print hundreds of millions of feet 
of film per year. Film is now 
printed at a speed of 500 to 1000 
feet per minute as compared to the 
common speed of 75 to 100 fpm 
used for years by the commercial 
laboratories. Use of fine grain du- 
plicating stocks of very slow speed 
is encouraged by the mercury arc 
lamp method. 

W1XTG, f -m station in Worcester, 
Mass., has an all -girl staff of four 
that handles all duties around the 
station from engineering to pro - 
!,ramming, script writing and an. 
yr ouncing. 
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with AMERTRAN 

WS and WS6 
FILAMENT 

TRANSFORMERS 

The ingenious terminal arrangement of AmerTrain "WS" 
and "WSB" transformers eliminates exposed secondary 
leads to the transmitter rectifier filament. The tube 
socket is integral with the transformer body and (in the 
"WSB") the center tap is brought out through the 

ceramic base. 

Rugged, moisture -proofed and insulated well above 
standard requirements (the test voltage is two and a half 
times their rated d.c. operating voltage), many of these 
transformers are being used in ratings formerly re- 
stricted to oil -immersed apparatus. 

Among their features are completely enclosed wind- 
ings, compound filled, full electrostatic shields and pri- 
mary taps arranged to permit close control of secondary 
voltage. Complete information covering "WS" and 
"WSB" Filament Transformers will be furnished upon 
request. Ask for catalog 14-5. 

AMERICAN TRANSFORMER COMPANY 

178 EMMET STREET NEWARK 5, N. 1. 

Pioneer Manufacturers 
of Transformers, Reactors 

and Rectifiers for Electronics 

and Power Transmission 

"WSB" Fil 
ment Tran 
former 100 
rating, Te 
Voltag 

,5,00 

"WS" Filament 
Transformer 50 VA 
rating, Test Voltage 
45,000 

ament rans- 
former 187 VA rating, 
Test Voltage 55,000 

AM E RIRAN 
MANUFACTURING SIF-. [ 1901 AT NEWARK, N. J. 
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TESTING TOMORROW'S RADIO TUBES 

Early ìn the war, Sylvania engineers stepped up 
experiment to perfect more rugged and more sensi- 
tive radio tubes for vital military communications. 

Engineers added to a great array of precision check- 
ing instruments. They designed and built special 
new instruments to detect variations in radio tube 
characteristics never charted before. 

This intensive research program has developed im- 
proved radio tubes. Many are now military secrets. 
But they promise to make postwar radio reception 
a revelation of clarity and fidelity. 

After the war, as in the past, it will pay you to 
sell Sylvania. 

Quality That Serves the War Shall Serve the Peace 

RADIO DIVISION EMPORIUM, PENNSYLVANIA 

SYLVANIA 
ELECTRIC PRODUCTS INC. 

RADIO TUBES, CATHODE RAY TUBES, ELEC- 

TRONIC DEVICES, INCANDESCENT LAMPS, FLUO- 

RESCENT LAMPS, FIXTURES AND ACCESSORIES 
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STA,KON ITOO 
FOR ELECTRONIC 

EARLY electronics manufacturers relied on solder. s S\ de being 

superseded by STA-KON* Pressure Terminals, Connectors an. 'sconnect 
Splices for wires #22 to 250 mcm AWG. e Do you have the pro' 

-m 
of 

making sound electrical joints that assure constant low resistance va R 

regardless of operating conditions? e Do your plans call for vibration an 

corrosion -proof pressure connectors that are easy and quick to install? a If 

so, T&B has the STA-KON' answers. e Why not have our engineering 
specialists call on you to discuss any phase of your wiring problems? Our 
service specialists, T&B Wholesalers, through whom we distribute exclusively, 

stand ready to take care of all your material requirements. 

WRITE US FOR STA-KON BULLETIN 500 

* Patented STA-KON: Reg. U. S. Pat. Off. 

THE THOMAS Se BETTS CO. 
INCORPORATED 

MANUFACTURERS OF ELECTRICAL FITTINGS SINCE 1899 
ELIZABETH 1, NEVI/ JERSEY 

In Canada: Thomas & Betts Ltd. Montreal 

E Flag awarded April. 1943 
White Star awarded October, 194} 
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 r 
FOR rrI ! riller 
IPI WAR pRoDucTioN 

Proudly, we are flying the Army -Navy "E" award as 

tangible recognition of achievement in the vital work of 
building radio communications equipment. With full reali- 

zation of the broad responsibilities this award involves, 

we pledge to keep this banner flying ... to continue our 

assigned tasks, in the war effort, with the same energy 

and skill that merited the honor bestowed upon us. 

ERCO RADIO LABORATORIES 
HEMPSTEAD, NEW YORK 

Manufacturers of CUSTOM BUILT RADIO APPARATUS 

Supersonic 
Fundamentals 

(Continued from page 125) 

negative charge by virtue of the L 
and C oscillation. To allow the 
tube to conduct at any other time 
would weaken rather than 
strengthen the resonance. 

It is in this timing that the prop- 
erly chosen length of the rod is 
important. At the time' when a 
maximum current flows in the plate 
coil, that end of the rod becomes 
magnetized and by virtue of the 
attractive force of magnetization 
the molecules are drawn closer to- 
gether so that the rod shrinks in 
length. This mechanical shrinkage 
is in reality an acoustic dis- 
turbance, and the effect travels 
down the rod with an acoustic 
velocity to the grid coil where a 
voltage is induced. 

With polarities properly con- 
iected, the time of travel along the 
rod is just right to cause the grid 
to pass charge to the plate at the 
proper time and in the proper 
amount. The result of all this is 
that when the circuit is in opera- 
tion the rod contracts and expands 
in a periodic fashion and its ends 
serve as a suitable supersonic 
source. 

From what has been said, it 
appears that the higher the fre- 
quency of a magnetostriction oscil- 
lator, the shorter must be the mag- 
netostriction rod so as to intro- 
duce less delay in the feedback. 
The velocity of sound in nickel, for 
example, is about 5,000 meters per 
second. At 60 kc this corresponds 
to a wavelength of only slightly 
greater than 8 cm, so that a mag- 
netostriction rod of about 4 cm 
length is required. Any shorter 
rod than this makes it impossible 
to locate the coils with sufficient 
accuracy while preventing direct 
magnetic coupling between the coils 
in. addition to that through the 
magnetostriction rod. It is possible 
to make arrangements to work on 
harmonics of the mechanical fre- 
quency of the rod but only at a 
sacrifice of efficiency. 

Whistles and Glass Squeakers 

At least two purely mechanical 
methods of producing supersonic 
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QUICK, ECONOMICAL POWER 

FACTOR CORRECTION 

... Gí the SoWwde 

t Á 
ºec * 

V NA 

POWER CURRENT 

)991=x 
MN! 

SPRAGU 
BOX 

UNIT MAGNETIZING 
CURRENT 

In many cases, it is simpler, cheaper, 
and more practical to solve power fac- 
tor correction problems at the source 
i.e., at the motor or other equipment 
itself, rather than at the transformer 
bank-a fact that Sprague Box -Type 
Capacitors have proved throughout in- 
dustry. These Capacitors are available 
in 230, 460, and 475 volts, for 1-, 2-, 
or 3 -phase systems, and in sizes from 
1 to 10 Kva in single units, or grouped 
into nearly any size or capacity. Thus, 
one standard, economical design can be 
applied universally to cover an extremely 
wide range of applications. Write for 
details, including a copy of the helpful 
booklet "Sprague Capacitors for Power 
Factor Correction". 

SPRAGUE SPECIALTIES CO. 
NORTH ADAMS, MASS. 

SPRAGUE 
CAPAC I T O R S 
KOOLOHM RESISTORS 
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* Seamless aluminum pointer tubing to extremely 
close tolerances. Distinguished by uniformity, 
accuracy, correct temper and fine finish. 0.010" 
O.D. to 0.0625" O.D. 

* Seamless copper, aluminum, brass, nickel tub- 
ing from 1/2" O.D. down to exact specifications. 

* Pre -formed special piece parts for cathode 
sleeves, aircraft instruments, flow meters, etc., 
manufactured under a new process. 

* Metal shielded wire for the armed forces. A new 
method of shielding wire or wires with seamless 
aluminum or copper tubing for perfect protec- 
tion against electrical interference, noise, mois- 
ture and mechanical damage. Used in all types 
of communication devices. 

PRECISION 

idaeede 

Write today for our 
new 1944 catalog 
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LATEST... MOST COMPLETE DATA ON 

INERTEEN CAPACITORS 
FORAÇCIRCUITS IN ELECTRONIC EQUIPMENT 

Every engineer, designer and technical man con- 
cerned with developing high-performance elec- 
tronic equipment for war or postwar use should 
have this booklet handy. It's packed with fresh 
facts and data on Westinghouse D -C Inerteen 
Capacitors and their application. Essentially, it 
is a guide to the selection and use of capacitors 
for any D -C applications in communications, 
electronics or related fields. 

It will bring you up to date on capacitor 
advancements, and provide dimension data for 
designing of equipment. 

Includes ratings from 400 volts to 250,000 
volts D -C. 

To make sure that a copy reaches your desk 
without delay, use the coupon to reserve your 
copy. Westinghouse Electric 8e Manufacturing 
Co., East Pittsburgh, Pa., Dept. 7-N. 

SPECIFICATION 
DATA-covers 

work- 

ing temperature 
ronges, capacitance 

and voltage tolerances 
on both 

intermittent 
and continuous 

service. 

APPLICATION 
DATA for each type 

of Inerteen Capacitor. 

°,t5 CHECK 
for application D.C.` 

LIST 
40.19 

ti -dota. 
15oc 

EaJf orpMfs 5 
d a°°°a v```a 

Q`"Ea °"` ASK FORA COPY... NOW MUN fou `fPr 
\! ff PL a ;C5 r,Bafa Westinghouse Electric & Mfg. Co., 
RNUFRCiURING 

ta' 

usSrNssu 
o" SF 

ELECTRIC 
M 

ti -is 

°"'° East Pittsburgh, Pa., Dept. 7-N. 
Please. send me a copy of your new book on 

Westinghouse 
PLANTS IN 25 CITIES ...OFFICES EVERYWHERE 

INERTEEN CAPACITORS 

Inerteen Capacitors. 

Name 

Position 

Company 

Address 

City State 

INS 

--- MIR ----- IOU ---------- 
J-60542 
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Ingenious New 

Technical Methods 
Presented in the hope that they will 
prove interesting and useful to you. 

New Saw -Gun Saws and Files in 
Hard -to -Get -At Places 

Jobs of sawing and cutting that are 
inaccessible to ordinary tools, are now 
made possible with the recently devel- 
oped Saw -Gun. It works equally well 
on wood, plastics, light and heavy 
gauge metals (corrugated or plain- 
stainless and monel), castings, rods 
and other materials. The Saw -Gun 
saves hoùrs on panel notching and 
slotting operations, doing work ordi- 
narily requiring the use of several tools. 

It is propelled by electric power, 
compressed air or flexible shaft and 
provides an efficient portable power - 
saw or file, that can be carried from 
place to place. 

The Saw -Gun is operated by placing 
cutting edge of saw blade against work 
and turning on power. Filing is ac- 

complished in the same manner by 
inserting a file in the tool instead of 
a saw blade. 

We hope this has proved interesting 
and useful to you, just as Wrigley's 
Spearmint Gum is proving useful to 
millions of people (much to their 
surprise) working everywhere for 
Victory. 

You can get complete information from 
the Mid -States Equipment Company, 
2429 S. Michigan Ave., Chicago 16, Ill. 

Permits sawing and filing in spots 

inaccessible to ordinary tools. 

Can be directly connected to electric 

drill, air drill, or flexible shaft. 

Y-107 

waves are also of some importance. 
One is called a Galton whistle and 
is merely a whistle designed for 
frequencies as high as 100 kc. It 
is usually built with a micrometer 
screw adjustment of pitch. 

If the input air pressure can be 
held sufficiently constant, it makes 
a reliable and simple source for 
use in gaseous mediums. A Galton 
whistle when blowing a true super- 
sonic note is nevertheless usually 
detectable in the audio range be- 
cause of a hissing sound of the air 
stream. Aside from this the emitted 
note is -quite pure. 

The other type of mechanical 
supersonic generator which is of 
some interest is one of the sort 
first made by Holtzmann.' He pro- 
duced by means of the arrange- 
ment shown in Fig. 4 a frequency 
of 33 kc at a power level 100 times 
as great as can be realized with a 
whistle. He used a glass tube 7.5 
cm long which he clamped at the 
center and excited into oscillation 
by the friction of two silk -covered 
leather belts. 

Effects of Supersonic Waves 

Some of the most striking, ex- 
perimental results obtainable with 
supersonic waves depend on the 
relatively large amount of power 
which is associated with waves of 
very moderate amplitude. This has 
been pointed out before as a reason 
for the difficulty in generating 
such waves, but when it has been 
accomplished strange results are 
rather easy to obtain, 

If several watts of power flow 
between the source and the ob- 
server, that power is divided up 
among so many waves that none 
need carry very much and the 
amplitude of the vibrations in the 
medium may be very small. For 
example, in water a radiation of 
0.3 watts per square cm .at 40 kc 
requires an amplitude of vibration 
of 0.27 x 10' cm, only about one 
hundredth of that required at 
audio frequencies. 

Power Possibilities 

Wood and Loomis' have gener- 
ated waves in an oil bath by using 
a piezoelectric quartz crystal at 
50,000 volts and a frequency of 
about 300 kc. They obtained a 
radiation pressure estimated to be 
equal to 150 grams-enough to 
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sPEECN . 

OVER HIGH NOISE LEVELS 

AVAILABLE Now! 
as produced by Schulmerich Electronics, Inc. 

for the U. S. Army Signal Corps, U. S. Navy 
Bureau of Aeronautics, U. S. Army Ordnance 
Industrial Plants. 

*BULL HORNS 
FOR AIRPORTS, ORDNANCE DEPOTS, 

LARGE INDUSTRIAL AREAS 

SOUND SYSTEMS 
for paging and music distribution 

SABOTAGE CONTROL 
for indoor and exposed areas 

SPECIAL DEVICES 
for synthetic training operations 

ELECTRONIC EQUIPMENT 
for industrial application 

PHONE 2323 
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Wi4e 

Aircraft Refuelers (such 
as shown at left) built by 
The Heil Co., Milwaukee, 
utilize Whitaker Cables. 

LET WHITAKER HELP YOU WITH 
YOUR WIRING PROBLEMS 

WIRING HARNESSES CABLE ASSEMBLIES BONDING JUMPERS 
AIRCRAFT and RADIO CABLE PRODUCTS 

First for war-and then for peace needs-Whitaker Regardless of whether your problem is one for 

Engineered Wiring Service is made available to immediate needs-or for the future, please write 

all industry. us. Mail a wiring diagram or blueprint of the 

Backed by our 24 years' experience in the assembly required, and our engineers will give 

automotive, electrical and radio fields, Whitaker the matter prompt attention. 

has the "know-how", skilled man -power and plant 
facilities to turn out Cable Assemblies, Wiring 
Harnesses and Flexible Leads for power and WHITAKER BATTERY SUPPLY COMPANY 

lighting. Kansas City, Mo. St. Joseph, Mo. Philadelphia Oakland 

WHITAKER 
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Checking the alignment 
of contact boles in a new 

insert. 

. 
. . 

eeidle4 
s ò 

things 
colossv ' . 

To our customers Cannon Quality Control means one thing only 
-the absolute dependability of Cannon Connectors. 

To Cannon men and women, however, quality control means 
a thousand things-the constant vigilance to innumerable details 
-the continuous betterment of design-the alert scrutiny of 
materials - the steady improvement of machines, tools and 
methods-the checking, testing and checking again of all the 
parts as well as the completed product. 

It means following the product into use to measure it against 
the demands of service. And so Cannon Quality Control results 
in what you know and appreciate-the uniformity of excellence 
throughout the multi -millions of Cannon Plugs in service today. 

An important training aid "Soldering 
Tips," a 25 minute slide film with 
sound, giving step-by-step procedure 
in soldering contacts ... a companion 
film for "The Quick Disconnect," 
available on request. Contact your 
Cannon Representative or write direct 
to the Cannon Factory, Dept. A-120. 

CANNON ELECTRIC 
Cannon Electric Development Company, 

Los Angeles 31, California 
Canadian Factory and Engineering Office: 
Cannon Electric Company, Limited, Toronto 

Representatives in principal cities - Consult your local telephone book 

raise the free surface of the oil 
into a mound 7 cm high. 

Without especially large vibra- 
tions, it is possible to transmit 
enough supersonic energy through 
a small rod so that a painful burn 
is obtained if the rod is squeezed 
with the fingers. It is because of 
these rather large amounts of en- 
ergy transmittible by supersonic 
waves that the process has become 
so useful in making unusual and 
very fine emulsions. 

Geometric Supersonics 

Another interesting set of super- 
sonic phenomena depends upon the 
fact that the wavelength is as small 
or smaller than the dimensions of 
the apparatus. This means that 
such instruments as acoustic inter - 
f erometers may be conveniently 
built. Also, as in geometric optics, 
line constructions may indicate 
rays and wave fronts. In fact, 
geometric supersonics is even 
easier to work with than equivalent 
optical cases, and much less pre- 
cision can be used in the construc- 
tion. 

Mirrors of convenient dimensions 
may be used to focus the energy or 
to act as reflectors behind a point 
source such as the end of a mag- 
netostriction rod. Whereas with 
audible frequencies it is difficult 
to limit echoes and unwanted 
reverberations, with supersonic 
waves the apparatus is small and 
the reflections can be easily han- 
dled. 

An immediate demonstration of 
the realness of the elastic waves 
that travel through a liquid ex- 
cited by a supersonic source is 
furnished by a change in the op- 
tical properties of a liquid which 
is so disturbed. Points along the 
wave at which the medium is most 
compressed may become 'nearly 
opaque. The arrangement is shown 
in Fig. 5. The presence of the 
supersonic waves cause the liquid 
to act like a diffraction ' grating 
and the light is diffracted into its 
characteristic spectrum. 

(1) 

(2) 

(3) 

(4) 
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...the multiple circuit Power Relay; 

six po e - double throw, handles 
loads of 10 amperes per contact at 

voltages to 32 DC and 115 AC 

non -inductive on low power con- 

sumption of only 3.5 watts. Its coil 

is cellulose acetate sealed against 
humidity and salt -spray Ian exclu- 
sive and patented feature of Allied 
Relays). Dimensions are 
2 9/1E" high, 3" wide and 
2 1/8 ' deep. Weight is 

9 1/2 ounces. 

of 

ALLIED'S RELAY LINE 

RUGGER . . . 
in their design and construction 

to withstand shock, vibration and 
extreme temperatures; built for 

heavy and continuous duty under 
most severe operating conditions. 

DEPENDABLE 
for aircraft, marine and industrial 

applications such as circuit break- 
ing, switching, motor starting, 

motor controlling and for overload 
protection. 

Allied's power -twins for all relay 
applications where positive ac- 

tion, long life and the utmost in 
dependability are desired. 

AN and ANS... 
... the heavy duty Power Relays. 

Standard contact arrangement is' 

single pole-single throw -normally 
open-double break. AN handles 

loads b 50 amperes-ANS to 75 am- 

peres-at voltages to 32 DC and 115 

AC nor -inductive on low power con- 

sumptin of only 3.5 watts. Their 

coils cre cellulose acetate sealed 

agains humidity end salt -spray Ian 

exclusi-e and patented feature of 

Allied Relays). Dirrensions are 2 r/7" 

high, 2 14" wide and 2" deep. 
Weig-it are 9 ounces each. 

ALLIED CONTROL COMPANY 
INCORPORATED 

2 EAST END AVENUE (AT 79th STREET) NEW YORK 21, N. Y. 
FACTORIES: NEW YORK CITY PLANTSVILLE, CONN. CHICAGO, ILL 
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VHF Use of Oscilloscopes 
By STANLEY CUTLER 

Project Engineer 
Radio Dtviaion, Air Associates, Inc. 

THE CATHODE-RAY OSCILLOSCOPE has 
been universally recognized as one 
of the best means of rapidly in- 
vestigating the characteristics of 
amplitude -modulated r -f amplifiers. 

Unfortunately most available 
commercial oscilloscopes are not too 
satisfactory for this application 
when used at frequencies above 50 
Mc, inasmuch as it is very difficult 
to obtain a straight vertical trace 
when the voltage is applied to the 
vertical plates. Considerable hori- 
zontal deflection is simultaneously 
produced even though no apparent 
voltage is applied to the horizontal 
plates. When sweep voltage is ap- 
plied to the horizontal plates the re- 
sult is a pattern in which consider- 
able overlapping exists and Aner- 
ally nothing of value can be de- 
coded from it. 

Investigation of a number of 
commercial oscilloscopes indicated 
that the trouble is caused by ca- 
pacitive coupling between the ver- 
tical and horizontal deflection plates 
within the tubes. The actual net' 
work is made up of distributed in-. 
ductance in the leads to the plates 
within the tubes, and of distributed 
capacitance between these leads and 
the plates themselves. Consequently 
the voltage that is induced on the 
horizontal plates generally appears 
to be shifted in phase considerably 
from that applied to the vertical 
plates. From the above it would ap- 
pear that tubes having shorter 
leads and smaller deflection plates 
would be more satisfactory. That 
this is true is amply demonstrated 
by the fact that this effect becomes 
more troublesome as the size of the 
cathode-ray tube is increased. In 
addition, the frequency at which 
the effect begins to take place is 
lower with the larger tubes. 

All attempts to cure the condition 

by grounding the free horizontal 
deflection plate for r -f at the socket 
terminal proved futile, apparently 
because of the distributed induct- 
ance represented by the internal 
lead between the plate and the by- 
pass capacitor. 

A satisfactory solution to the 
problem can be had by connecting 
the horizontal plate to the vertical 
plate through a small inductance as 
shown in the diagram. When prop- 
erly adjusted it is possible in this 
manner to apply to the horizontal 
plates a voltage of approximately 
opposite phase and equal magnitude 
to that applied within the tube by 
the electrostatic coupling between 
plates. The result is an essentially 
straight vertical trace with no un- 
wanted horizontal deflection due to 
the r -f voltage. 

Amplitude -modulated frequencies above 
SO Mc can be observed satisfactorily on a 
commercial oscilloscope when this circuit 
A used to correct for capacitive coupling 

between the plates of the tube 

T)e frequency to which this cor- 
rection will extend the use of the 
scope is limited by the amount of 
distributed inductance represented 
by the leads to the plates within 
the tubes. However, if the hori- 
zontal and vertical plates are joined 
at the socket by a short direct con- 
nection, useful patterns may be ob- 
tained considerably beyond this 
limit frequency, particularly if the 

pickup coil is carefully oriented. 
The method described above was 

applied to an RCA model 160-B 
5 -in. oscilloscope and yielded excel- 
lent results to frequencies some- 
what above 150 Mc. The load leads 
from the tube socket to the ter- 
minal jacks were replaced by leads 
directly from the tube to a terminal 
board mounted right at the socket. 
In this way a minimum of addi- 
tional inductance and stray coup- 
ling is introduced. It is also desir- 
able to isolate the vertical and hori- 
zontal plates from the other parts 
of the scope circuit by using r -f 
chokes between the terminals of de- 
flection or positioning voltages. 

If it is desired to apply low fre- 
quency saw tooth or other deflection 
voltages to the horizontal plates a 
small capacitor, of approximately 
500 µµf, in series with the induct- 
ance will prevent coupling back to 
the vertical plates. 

Although it might seem that this 
would only aggravate the condi- 
tion, since the sign of the reactance 
path thus formed is the same as 
that within the tube, it does not be- 
cause its reactance is small com- 
pared to that of the inductance of 
the leads within the tube and con- 
sequently the voltage developed 
across this inductance predomin- 
ates. 

A convenient method of obtain- 
ing a continuously adjustable in- 
ductance, in order to provide for 
rapid adjustment as the frequency 
is changed, is to use a section of 
balanced transmission line made 
up of two pieces of No. 12 or larger 
wire spaced approximately 1i in. 
apart. This arrangement can be 
supported by standoff insulators 
mounted on the rear of the case. A 
small shorting bar held in place by 
friction provides adjustment. A lit- 
tle experimenting will quickly de- 
termine the maximum value of in- 
ductance needed, depending on the 
size of the scope tube and the op- 
erating frequency. 

The coupling loop may be a sin- 
gle turn on the end of a twisted 
pair. Somewhat better results may 
be obtained by using an unbalanced 
coaxial line, providing the outer 
conductor can be located at a 
ground plane along most of its 
length. A line of this type supported 
in air above ground will usually de- 
velop standing waves on the outer 
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Maximum Performance 

Under ALL Conditions 
You can always expect the fullest measure 

of performance from Ohmite Rheostats and 
Resistors. Because, they're made extra sturdy .. . 

to provide accurate resistance -control day after 
day under the most critical operating conditions. 

This dependability has been time proved in electronic 
and electrical equipment in all types of aircraft and in the 

tools of production. Ohmite Engineers are glad 
to assist you on any resistance problem. 

Approved Types for Army and Navy Aircraft. 

RIGHT 
074, 

o(MlTII 
Send for Catalog and Engineering Manual No. 40 
Write on company letterhead for this helpful 96 page guide in the selection 

and application of rheostats, resistors, tap switches, chokes and attenuators. 

OHMITE MANUFACTURING CO. 
4818 FLOURNOY STREET CHICAGO 44, U. S. A. 

Foremost Manufacturers of Rheostats - Resistors -Tap Switches 
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Vhe anatomy of any well designed motor or 

dynamotor must necessarily include that life-giving part 
the armature. Like the human heart, this armature is 
actuated by one type of energy and supplies another-tu 
suit the requirements. 

Building the armatures of EICOR units, from 
design specifications to final inspection, is a job for 
specialists. Materials must be specified, machined, and 
assembled ... commutators fabricated ... the core 
insulated, wound and connected ... windings 
impregnated and baked ... surfaces ground ... the 
assembly dynamically balanced, tested and inspected 
... every detail a series of precise operations. The 
painstaking care used in building these armatures is 
reflected in the quiet, vibrationless operation of the 
Eicor motors and dynamötors so frequently specified 
for critical applications. 

The armature illustrated is an example of hundreds 
of designs, each one engineered for a particular appli- 
cation.This one is the heart of a 24 volt motor rated 
.5 horsepower for continuous duty at 4000 R. P. M. 

Eil_CCOM ll Mgo 1501 W. Congress St., Chicago, U.S.A. 
DYNAMOTORS D. C. MOTORS POWER PLANTS CONVERTERS 
Export: Ad Auriema, 89 Broad Sr., New York, U. S. A. Cable: Aune,ma, New York 

conductor, making it difficult to ob- 
tain a good pattern. 

Although the above measures 
have so far only been applied to 
3 -in. and 5 -in. tubes it is assumed 
that equal or better results would 
be obtained with the larger tubes 
having short direct connections to 
the deflection plates from the side 
of the glass envelope. 

Field Distribution in 
Electronic Heating 
MEASUREMENT OF electric field 
strength distribution between two 
capacitor plates of a high -fre- 
quency generator is discussed by 
K. S. Lion of MIT in the Oct. 1943 
issue of Journal of Applied Physics, 
(175 Fifth Ave., New York 10). A 
series of charts give the field 
strength distribution between vari- 
ous arrangements of capacitor 
plates and are of interest to de- 
signers of electronic heating equip- 
ment, although the article is pri- 
marily directed to the problem of 
dosimetry in the medical diathermy 
field. 

Medical short-wave therapy tech- 
nique has been developed on an 
empirical basis, and is practically 
applied without physical measure- 
ments or dosimetry. The tech- 
nique usually used at present leaves 
it up to the experience of the physi- 
cian to estimate the dose, and the 
heat sensation of the patient is 
mostly used as subjective of the in- 
tensity of a treatment. It is obvi- 
ous that a physical method is more 
desirable. 

Besides preventing burns there 
are other reasons for the necessity 
of a physical measuring method. 
In comparing the results obtained 
in treating bacteria or plants with 
ultrashort waves, some authors re- 
port a stimulation of growth, while 
others observe the killing of seeds 
or bacteria. Even if a part of the 
discrepancy is caused by biological 
variability of the objects (or even 
the different judgment of the au- 
thors) we have to assume that 
another reason for the differences 
results from the different intensity 
of the treatment, for which a meas- 
uring method does not exist. 

Methods of Dosimetry 
Some dosimeter methods have al- 

ready been proposed. The voltage 
applied to the electrodes has been 
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IN WAR 
On battlefronts all over the world, ALSIMAG Steatite Insula- 
tors contribute to high efficiency Ünd constancy of operation 
of electronic devices for communications, firing controls and 
detection of enemy aircraft and submarines. Certainly there 
can be no compromise with Quality in this vital equipment. 

/YO CoN/woN/se N'/TH 

Me/1r 

OR PEACE 
In the amazing electronic devices that will amplify sight and 
hearing, speed production through new processes and control, 
and contribute immensely to a better way of life, Quality of 
insulation must be the first consideration. 

LL 

òf our thinking, planning, engineering and research is devoted to improving the 
quality, precision and dielectric properties of ALSIMAG insulators. Our contributions 

during the war are assurance that we will be ready to meet your postwar requirements with 
the very finest Steatite Ceramic insulation. 

Perhaps you as well as we are not permitted to disclose some developments as yet ... 
but in the high frequency insulation of electronic devices you are planning for postwar 
production, we will be glad to lend our knowledge and experience gained from forty-two 
years of Ceramic Leadership. 

Army -Navy "E" 
First Awarded July 27,.1942' 
Second Award: "Star" Fet mar¢ 

13, 1943 _ f -. 
Third Award: "Star" Septºatbézzr.. 

25, 1943- 

AMERICAN LAVA CORPORATION 
CHATTANOOGA S, TENNESSEE 

OUT OF TODAY'S RESEARCH 

TOMORROW IS ENGINEERED 

iUAD, MASK SIGIITISID Y. S. SATINY Os/ ICI 

.:tii1sr-. rsª.=s-_ 
STEATITE CERAMIC INSULATORS 

CHAR.4CTER/STI S T.4/LORED TO YOUR REPU/RFMENTS 
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HOW PLASTICS ENGINEERING 
DID THE JOB BETTER 

The 22 rings in this one-piece slip ring assembly 
are precisely spaced and transfer -molded in a ma- 
terial selected by our research engineers to pro- 
vide balanced physical and electrical properties. 

Permanent ring alignment is insured and prac- 

tically all assembly and service problems are 
eliminated. The molded finish produced by our 
one-tiñit construction is more moisture resistant 
than a machined surface, with a consequent re- 

duction in power loss. Projection of molded -in 

lead wires provides easy attachment of electrical 

connections. The individual lead wires are nu- 

merically identified as shown in enlarged view on 

right. Bi -metal rings have copper alloy base 

finished with silver for better contact and cor- 

rosion resistance. 

An EXAMPLE of 

FUNCTIONAL DESIGN 

in PLASTICS 

Through this molded rotor, electrical power flows 

smoothly from a stationary source to a rotating control 

unit. Wire fatigue is eliminated and continuous rota- 

tion is unimpeded. Developed specifically for aircraft 
requirements, it is a typical example of how our engi- 

neers and molders are prepared to serve industry 
after the war through functional design in plastics. 

pIMZeIIg DAMHVgAgInUnglZe 
INCORPORATED 

INJECTION AND TRANSFER MOLDING 
STAMFORD, CONNECTICUT 
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WILLYOU GO BACK TO 

PRE-WAR METHODS 

...OR AHEAD WITH POSTWAR ELECTRONICS 1 

GENE 

GREENWICH STAMFORD 

What was the last word in production processes 
before Pearl Harbor will be far outdistanced when 
Peace returns. For industry has had its pace lifted 
... by electronics. And, through the proper appli- 
cation of electronics, your business will be ready 
when the war is won to produce better goods in 

less time at lower cost. 

General Electronics Industries, one of the largest 
organizations specializing in electronics, is prepared 
now to design or develop the electronics applica- 
tions that will meet your postwar requirements. Thus 
you will gain valuable time in the future conversion 
of your plant to peacetime production ... because 
General Electronics Industries will be all set to sup- 
ply your pre -determined electronics needs, as soon 
as its manufacturing facilities are no longer en- 
gaged in all-out war effort. 

Why wait any longer? Write to Engineering De- 
partment, General Electronics Industries, 342 West 
Putnam Avenue, Greenwich, Connecticut. 

(10 
INDUSTRIES 

BRIDGEPORT NEW MILFORD . NEW YORK 
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used as a measure for the intensity 
of a treatment, but this voltage is 
not identical with the voltage on 

the object. Also, the current 
through the object does not give a 

measure of the physical -biological 
effect. Much better are the types 
of instruments which measure the 
total amount of power absorbed in 
the body. The objection to this 
type is that the influence of any 
kind of short-wave field is a local 
function and varies from point to 
point. If one says that the power 
of 50 watts is absorbed in the hu- 
man body this does not say any- 
thing about the influence or effect 
of the short wave field. If this 
power is distributed over the whole 
body no influence may be observed, 
but if it is absorbed in a space of 
one centimeter cube, it will result 
in burning. A power meter would 
indicate in both cases the same 
value. The distribution of energy, 
however, can be determined by 
measuring the intensity of the elec- 
tric field in arrangements using 
capacitor electrodes. 

A B 

Fig. 1-Homogenous and nonhomogeneous 
fields. Force lines are shown solid. 
equipotential lines dashed, and iso-field 

strength lines dotted 

The distribution of the electric 
field strength can be illustrated as 
shown in Fig. 1, by connecting all 
points at which the field strength 
has the same value. The result- 
ing isofield strength lines indicate 
where the same effect, in a homo- 
geneous medium, can be expected. 
Figure 1 shows such curves for a 
homogeneous and a nonhomogen- 
eous field. The isofield strength 
lines are not identical with the 
equipotential lines. 

Field Measurements 

A measuring instrument applica- 
ble to short-wave electric fields has 
been developed and has been de- 
scribed in a previous paper'''. Its 
operation is based on the phenom- 
enon of the electrodeless luminous. 
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Facile hands create a pattern of glorious sound-seem- 
ingly effortless, yet backed by hard work, imagination 
and perfect timing of mind and fingers. Skilled hands 
and fine materials, too, are responsible for the better 
quality of Audiodiscs. So, for truer appreciation of 
a piano solo or a full orchestration, in fact for any 
other sound application -it has become axiomatic 

in recording to say - put it on an Audio Disc! 
Audio Devices, Incorporated, 444 Madison Avenue, 
New York 22, N. Y. 

As critical metal restrictions are lifted, there will 
be more and more aluminum discs available for 
professional recording. 

Ve -e frt fl em4ehftea 
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SELENIUM INSTRUMENT 

AND RELAY RECTIFIERS 

Instrument Rectifier DS 

Instrument Rectifier DL 

Instrument Rectifier H -SM 

Instrument Rectifier N-2 

Cle" 
Instrument Rectifier HS 

Instrument Rectifier HL 

eri) 
Instrument Rectifier BS 

Instrument Rectifier HS -20 

Power Rectifier 

Type: DE001303P 

tion for the most 

SELENIUM RECTIFIERS 

are rapidly becoming standard 
throughout American industry, 
with today's engineer's count- 
ing on the Selenium Corpora - 

complete line of rectifiers. Selenium Rectifiers 

have permanent characteristics with a temperature range from 

-50°C to + 75°C; unlimited life, maximum efficiency per unit wt., 

and are weather resistant. Special types are available. 

WRITE ON YOUR LETTERHEAD FOR LITERATURE 

SELENIUM CORPORATION 
of AMERICA 

Emby Selenium Instrument Rectifiers Emby Selenium Self -Generating Photo Cells 

Selen Selenium Power Rectifiers 

1800-1804 West Pico Boulevard, Los Angeles 6, California Eastern Saks Division: 215-05 27th Ave.. Bayside, L. I., 

Telephone: Bayside 9-8958 Canadian Saks Division: J. R. Longstalfe, Ltd.. 349 Carlow. Toronto, Canada 
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NEED A QUICK DEPENDABLE 

SOURCE FOR SPECIFICATION 

PARTS IN 

AHEIN PM« 
,,/eI/r/lÑ, f/BiPE? 

The experience of producers of hundreds of 
electrical and electronic devices can be summed 
up quickly: "On parts from phenol fibre and 
vulcanized fibre, Precision Fabricators meet 
specified tolerances, and meet specified delivery 
dates." 

Precision Fabricators, Inc., solicits the oppor- 
tunity of looking over your blueprints. We think 
we can save you money and save you time on 
vulcanized fibre, phenol fibre and glass -bonded 
mica parts cut, milled, drilled, threaded, 
grooved, turned, surfaced, polished or engraved. 

esJ 

t4)29t) 

s 

h 
. 

..... _ . u 

«-;`., 

PRELIM a/61-ieras7Witi 
ROCHESTER, N.Y. Ew YORK: 384 LEXIHGT°+.I YE. DETROIT: 14319 STRA1HMOOr, AVE. P LADELPHIA- 6710 HO 

`. 

SPECIFICATION FABRICATOR'S OF MYCALEX * PHENOL FIBRE * 
VULCANIZED FIBRE * RUBBER * ASBESTOS AND OTHER MATERIALS 
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IK®LD-H®Lb : . . Co -Pilot 
Performance builds the confidence of our fighting pilots in their. 

ships . . . but, long before enemy objectives are sighted, PER- 

FORMANCE is demanded in the testing of vital instruments and 

materials. . . KOLD-HOLD Sub -Zero equipment meets this 

challenge in assuring accuracy and dependability. 

DO YOU 
Have a Cold Processing 
Application: 

DO YOU 
Require Temperature 
Testing Units with 
pressure and humidity 
control: 

DO YOU 
Know that Cold 
Temperature Processing 
Is Vital to Modern 
Production Methods: 

Then you can use KOLD-HOLD'S Sub -Zero 
Industrial equipment. Machines from 2 to 
400 cubic feet and -100° F. to +200° F. 
temperature range. 

KOLD - HOLD Stratosphere and "Hi -Low" 
Machines will do a specific job for you, accu- 
rately, thoroughly, rapidly and economically. 

H u n d r e d s of important War Production 
plants using KOLD-HOLD low and dual tem- 
perature machines daily demonstrate that 
cold processing is one of the foremost time 
savers of modern manufacturing. 

KOLD-HOLD units are productioneered* to YOUR specific problem. . . 

Catalog S -Z 431 illustrates many types of machines available now. Write 
for your copy today. 

446 NORTH 

Ko:îr=GGea 
MANUFACTURING COMPANY 

'Engineered for Production 

GRAND AVENUE LANSING, 4, MICHIGAN 

discharge which arises in a small 
tube filled with gas under reduced 
pressure if brought into an electric 
high -frequency field. Under certain 
conditions the brightness of the 
light emitted from the discharge 
vessel is a measure of the field 

strength. The discharge tube is 
connected to a phototube and am- 
plifier, and the field strength at the 
point to be measured is directly 
indicated by a meter calibrated in 
volts per centimeter. The sensi- 
tivity of the dosimeter is suffi- 

ciently high to allow measurements 
outside and, under certain condi- 
tions, inside the body to be treated. 
The deflection of the meter is pro- 
portional to the field strength, ex- 
cept for field strengths so small 
that the discharge in the gas -filled 
vessel extinguishes. 

The dosimeter is calibrated in a 
field in which the field strength can 
be calculated from the applied vol- 
tage and the physical dimensions of 
the capacitor plates. The calibra- 
tion constant depends on the wave- 
length and can be adjusted, if the 
wavelength of the short wave gen- 
erator is known. 

By means of the dosimeter, the 
field distribution in models may be 
investigated. Such knowledge is 
particularly valuable for clinical 
application of short-wave fields and 
permits of a certain amount of con- 
trol over the distribution of energy, 
to increase it at points at which 
higher energy is desirable, and to 
protect other points from too great 
field strengths. 

Parallel Plates 

Figure 2 shows the field distribu- 
tion between two parallel circular 

!313131313131111 ii! 3131!!!! 
.1/ .31i 111111 s r+i!iI11 \I,!!! I`31I.E31 31\6:.:2113131! 

. 11i 31 3131313131 31ii3131!3131310 

Fig. 2-Field distribution in a meridional 
plane between two parallel circular plates 
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requirements with MITCHELL - 

RAND to insure immediate 
delivery of Long Life, High 
Dielectric, Smooth Interior 
and Flexible, easy to use, 

FIBERGLAS 
INORGANIC 

VARNISHED TUBINGS 
M -R Fiberglas Varnished Tubings are 
made in four grades: 
Standard; Double Saturated; Triple 
Strength and Impregnated. 

STANDARD GRADE has maximum 
flexibility, is treated with a minimum 
of varnish and recommended for high 
temperatures where dielectric strength 
is not a factor. 

DOUBLE SATURATED has all qualities 
of the Standard Grade but with addi- 

. tional coats of varnish to bring the 
dielectric rating up to 1500 volts. 

TRIPLE STRENGTH is built up with 
coats of especially flexible insulation 
varnish for dielectric ratings up to 
3,000 volts and is particularly suited 
where assembly operations include 
the possibility of rough handling. 

IMPREGNATED is the Optimum in Su- 
periority for high gloss, non-hydro- 
scopic, resistance to high temperatures, 
oils, acids, etc. IMPREGNATED has a 
dielectric rating beyond 8,000 volts and 
is unequalled for Long Life Under Most 
Severe Conditions. Write For Samples. 

FOR USERS OF COTTON YARN 

VARNISHED TUBINGS 
The Mitchell -Rand MIRAC and HY- 
GRADE Varnished Tubings of long 
staple fibre yarn are comparable to 
Fiberglas Tubings in dielectric ratings, 
tensile strength, flexibility and long life. 

11 FREE FOR THE ASKING! 
Write today for your Free Card of Varnished 
Tubing with samples ranging from size 0 to 
20 to fit wires from .032 to .325 inches . . . 

other valuable aids, are the M -R Guide Book 
of Electrical Insulation ... the Wall Chart with 
reference tables, electrical symbols, allowable 
capacities of conductors, dielectric averages, 
thicknesses of insulating materials and tap 
drill sizes ... and the M -R Wax and Compound 
Guide Book ... they are full of valuable infor- 
mation ... write for them on your letterhead. 

MITL-RAND INSULATION COMPANY, INC. 
51 MURRAY STREET COrtlandt 7-9264 NEW YORK 7, N. Y. 

Fiberglas Varnished Tape and Cloth 
Insulating Papers and Twines 
Cable Filling and Pothead Compounds 
Friction Tape and Splice 
Transformer Compounds 

A PARTIAL LIST OF M -R PRODUCTS 
Fiberglas Braided Sleeving 
Cotton Tcpes, Webbings and Sleevings 
Impregnated Varnish Tubing 
Insulating Varnishes of all types 

Fiberglas Saturated Sleeving and Varnished Tubing 
Asbestos Sleeving and Tape 
Extruded Plastic Tubing 
Varnished Cambric Cloth and Tape 
Mica Plate, Tape, Paper, Cloth and Tubing 
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WHAT KIND OF CRYSTALS 
DO YOU NEED? 
Our specialty is the "difficult" crystal, quan- 
tity -produced. Special production methods 
ensure accuracy and keep the price down. 
You can engineer around PAN -EL Control 
Crystals, confident that production will stay 
within your established price -brackets. 

If you are designing f -m radio or other elec- 
tronic devices, we are prepared to grind 
exactly the crystal you need, and to guarantee 
delivery of large quantities on regular sched- 
ules, at low prices. And our crystals are 
clean . 

Would you welcome the engineering col- 
laboration of a staff of crystal specialists, 
without obligation? If so write 

PAN -ELECTRONIC LABORATORIES INC. 
500 Spring St. N.W., Atlanta, Ga. 

QUANTITY PRODUCERS OF STANDARD AND SPECIAL J 01411 J 

j 

Fig. 3-Field strength between two cir 
cular plates of different size 

plates. Since the distance between 
the plates is of the same order of 
magnitude as the plates themselves, 
the field, as expected, is not homo- 
geneous and is more concentrated 
towards the plates. Only in the 
middle a small area arises in which 
the field is approximately homo- 
geneous. This space is the one 
used in therapy employing Schlie- 
phake distance electrodes. The 
field also is not homogeneous in 
the direction parallel to the plates. 
In immediate proximity of the 
plates the intensity is smaller in 
the middle and greater towards the 
edges. Along the vertical sym- 
metry line, however, the field de- 
creases from the center towards 
both sides, as expected. 

The maximum nonuniformity 
arises at the edges of the plates. 
The point of maximum field 
strength, however, is not directly 
on the plate edges but shifted 
more towards the horizontal sym- 
metry line as indicated by an 
arrow. At this point the danger 
of burning (in a homogeneous 
medium) is a maximum. 

The ratio of minimum to maxi- 
mum field strength in the space 
between the plates is about 1:3. 
If, therefore, this field should be 
applied for treatment of a homo- 
geneous body, one part of this body, 
near the plates, would get nine 
times the dose of the center part. 

Plates of Different Size 

Figure 3 shows the field picture 
between two plates of different size. 
(Diameters of the plates are 15 
cm and 7 cm, respectively ; separa- 
tion distance, 20.6 cm) The field 
strength, as expected, is higher 
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GET YOUR COPY NOW! 

ELECTRONIC 
COMPONENTS 

y ARIPRLE 
RESISTORS, 

IRON 

FIXED AN 
LINE AND SLIDE SWITCHES 

CORES. 

'PI 

WITCHES 41" 

Complete catalog listings, dimension diagrams 
of every unit, up-to-the-minute engineering data 
on fixed and variable resistors for radio and 
other electronic uses, iron cores of all types, 
and inexpensive slide, line, and rotary -action 
switches... . 

That's the story of this new 36 -page Stackpole 
Electronic Components Catalog, just off the press. 
Write, wire or ask your Stackpole District Engi- 
neer for a copy today. Please ask for Catalog R6. 

HESE ELECTRONIC DIVISION ENGINEERS TO SERVE YOU 
CHICAGO, ILL. 

A. A. Woods, 643 Roscoe St. 

CINCINNATI, OHIO 
Wm. C. Laing, 3253 Lambert Place 

DETROIT, MICHIGAN 
J. E. Vollmer, 18310 Pennington 
Drive 

INDIANA, SO. ILLINOIS 
and EASTERN IOWA 
C. R. Booth, 540 N. Michigan Ave., 
Chicago 

KANSAS CITY, MO. 
¡Maury E. Bettis, Mfr's. Exchange 
Dldg. 

LOS ANGELES, CALIFORNIA 
H. A. Lasure, 2216 W. 11th St. 

MINNEAPOLIS, MINNESOTA 
J. H. Heimann Company 
1218 Harmon Place 

NEW YORK, N. Y. 
Joseph Sprung, 254 W. 31st St. 

STACKPOLE CARBON CO., 

PHILADELPHIA, PA. 
J. R. Bongo, 6710 Hollis St. 

PLAINVILLE, CONN. 
Karl Dornish, 105 Farmington Ave. 

TORONTO, ONT., CANADA 
A. A. McQueen, 204 King St., East 

ST. MARYS, PA. 

E 
ELECTRONIC COMPONENTS 
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SOLID DIELECTRIC 
COAX and TWINAX CABLES 
/Dt //tqh iz¢uerccyTirammraoion 

Amphenol builds low -loss solid dielectric coax and twinax cables 
conforming to latest approved Army -Navy specifications. To fill your 
low -loss cable requirements, specify Amphenol-all sizes-vinyl 
covering or cotton braid as specified. 

Amphenol also builds superior type cables with polystyrene or 
mica -filled bakelite dielectric-coax or twinax-all sizes. 

LOW -LOSS CONNECTORS 
¿ e Tepe aegil See t° e Ca -1 

For a completely balanced low -loss circuit, use 
Amphenol Low -Loss Connectors with Amphenol 
Low -Loss Coax or Twinax Cables. 

Small, compact, sturdy, water-proof, easy-to- 
assemble-these connectors are of unit construction 
-no air spaces to lessen efficiency-high dielectric 
insulation of polystyrene or mica -filled bakelite. 

Amphenol Low -Loss Connectors give long serv- 
ice-sure, positive contact. The special engi- 
neering design relieves conductor strain- 
less chance of failure due to vibration or 
pulling of cable. 

SPECIAL CABLE ASSEMBLIES 
Amphenol Coax and 

Twinax Cables are fur- 
nished on reels. Also sup- 
plied cut -to -length, with or 
without connectors. 

SEND FOR AMPHENOL DATA SHEETS 

American Phenolic Corporation 
Chicago 50, Illinois 
Please send data sheets on Amphenol Low -Loss Cables and Connectors 

Name 

Compan 
Street 
City State 

near the smaller electrode than 
near the larger one; the ratio of 
field strengths along the symmetry 
line is about 1:2.4 (extrapolated). 

One should generally expect, 
therefore, in treatments using two 
electrodes of different size that the 
greater effect would arise at the 
smaller electrode. It appeared, 
however, in one practical case, that 
the dosimeter showed a small read- 
ing at the smaller electrode while 
the field strength near the larger 
(so-called inactive) electrode was 
relatively high. This could be ex- 
plained by the fact that the output 
circuit of the short-wave generator 
was unsymmetrically grounded. 
The voltage between the smaller 
electrode and the capacitively 
grounded patient, therefore, was 
smaller than the one between the 
patient and the larger electrode. 

As a first approximation, the 
field form near one electrode can 
be determined without respect to 
the size and position of the other 
electrode, if the latter is sufficiently 
far away. 

i 
-s 

Fig. 4-Effect of change in position of one 
of the electrodes of Fig. 3 

This becomes even more visible 
in Fig. 4, in which the smaller plate 
has been rotated through 45 deg. 
The field in the proximity of the 
smaller plate is nearly unchanged 
from the one in Fig. 3. At fur- 
ther distances from this plate, the 
field, of course, is deformed toward 
the other electrode. The field dis- 
tribution in the middle between 
both electrodes is about the same 
as in Fig. 3. The high field 
strength in this case also is con- 
centrated at the electrodes. 

The effect of field concentration 
at the electrodes is undesirable for 
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NEW DEVELOPMENTS 
born under the lash of wartime necessity 

will find welcome use for 
PEACETIME PRODUCTS TOMORROW 

Sockets, Plugs, Switches, Contacts, 
Terminal Boards and Assemblies to per- 
form electronic applications unheard of 
prior to Pearl Harbor Day was the cry- 
ing need two short years ago. 

Franklin engineers, like all American 
Industry, tackled the job with one pur- 
pose in mind ... to quickly supply the 
armed services with newly designed 
electrical fittings to perform required 
electronic applications while with- 
standing most severe manhandling. 
By discarding every precedent and 
starting from scratch Franklin engi- 
neers developed new Sockets, Plugs, 
Switches, Contacts, Terminal Boards 
and Assemblies which found high 
favor with manufacturers of electronic 
units and with the armed services. 

Franklin's New Line developed for to- 
day's war equipment will find many 
applications for tomorrow's peacetime 
electronic equipment. 

W. FRANKLIN MANUFACTURING CORP. 
175 YARICK STREET NEW YORK. 14, N. Y. 

Sockets Terminal Strips Plugs Switches Plastic Fabrications Metal Stampings Assemblies 
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Consolidated 
Radio 

priority rating, 
ve the proper p 

few weeks 
ed of 

If youha 
ake deliveries 

in a 

can now m 

many months! 

Consolidated 
Radio products 

Company 

an read expanded 
its production 

facilities 

Gently greatly small and medium 
trans- 

formers 

a wide rangepulse Transformers, 

formers 
including Other prod. 

Solenoid Coils,Search 
Coils. 

ucts include Range Filters, Headsets. 

many practical applications. The 
maximum effect arises on the sur- 
face (skin) of the body to be 
treated and limits the applicable 
energy. The field strength at the 
center of the field is smaller than 
on the plates, and the relative depth 
effect is insufficient. By using dis- 
tance electrodes, Schliephake in- 
creases the relative depth dose 
(ratio of depth dose to surface 
dose), however, at the expense of 
efficiency. In keeping the surface 
of the object at a certain distance 
from the electrodes he reduces the 
surface intensity and obtains high 
relative depth dose.. The strong 
field near the electrodes remains 
unused. 

Curved Plate 

An arrangement which serves 
the same purpose of homogenizing 
the electric field, especially near 
the electrodes, by other means, is 
shown in Fig. 5. For comparison, 
the left electrode has the normal 
plate form, and the right one is 
cylindrically curved, approaching 
the form of a Faraday cage. The 
field strength at the concave side 
of the curved electrode is reduced 
and the field homogenized, as can 
be seen from the upper curve of 
Fig. 5. 

Fig. 5-A cylindrically curved electrode 
produces this field form 

Within 50 percent of the total 
space between the electrodes, the 
field strength does not vary more 
than ±6 percent (measured in the 
symmetry line) . For comparison : 
in a similar arrangement with 
straight plates (e.g., Fig. 4) a 
homogeneity of 6 percent arises in 
less than 30 percent of the total 
space between the electrodes. 
Doubtless an even better homo - 
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catisí 
From the small 100 watt tube socket types to the large 1COKW types using copper 
tubing, "ohn_ on inductors are designed to ri;iz spe._fications. They are more than coils. 
Into eac:i of Johnson's inductors go more than 2C years of "know how' -familiarity 
with materials-skill in mechanical design-knowledge of circuits-and experience in 
electrical desicn for greatest efficiency in the particular application. Tapped inductors, 
fixed ar.d variable coupling coils, variable inductors, and clips are all features Johnson 
can furnish. Copper tubing, wire, edgewise wound copper strip, or flat copper strip are 
availab_e. Issulctfon materials used are steatite, Mycalex, Bakelite, and porelain. Write 
far 3uggesti.xis Dn YOUR inductor problem. Quotations furnished on the basis of either 
mechar=_al specifications or performance spec:ficaticns. 

2Uptiec 72. 
10HNSCN TALOG 

9630 

E. F. JOHNSON COMPANY 
ELECTRONICS - Mord, 1944 
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Stops Motion Within Range 
of 600 to 600,000 RPM! 

Far in excess of ordinary requirements, the upper limit permits study 

óf a moving object at a number of points in its path with extremely 

good definition. Reliable repetitive flashing rate of the neon light 

source is derived from an audio oscillator of the R -C type. CML 1200 

covers six ranges from 10 to 10,000 CPS, allowing accurate setting of 

the repetition rate. The audio oscillator actuates a pulse generator 

which in turn acts as the trigger control of an R.F. oscillator. This 

oscillator puts out pulses of approximately 10 microseconds duration 

throughout the frequency range. 

In CML 1200, the accurately -timed radio frequency pulses break down 

the neon tube. As the breakdown occurs, a condenser also discharges 

through the tube. While the illumination obtained from a single R.F. 

pulse is negligible at low frequencies, the peak power obtained from 

the condenser is considerable. Means are provided to prevent the con- 

denser from discharging until the gas is broken down by the radio 

frequency pulse. Thus accurate timing is secured from the pulse gen. 

erator and adequate illumination from the condenser discharge. Both 

combine to generate uniform illumination throughout the frequency range. 

Small objects may be exar:ined at close range since CML 1200's light 

source is in a probe at the end of a flexible cable. Unit operates from 

a 115 volt 50.60 cycle power source. 

BULLETIN SENT ON BEQUEST 

COMMUNICATION MEASUREMENTS LABORATORY 

Rotobridge Electronic Generators Power Supply Units 

120 GREENWICH STREET NEW YORK 6 

geneity can be obtained by curving 
also the other electrode of Fig. 5, 

in the proper way, preferably per- 
pendicularly to the first one. The 
problem of the depth doses, how- 
ever, cannot generally be solved in 
this way. Relative depth doses 
greater than unity would require 
that the field strength in the middle 
of the area to be used for treatment 
be absolutely higher than the one 
in proximity to, or on, the elec- 
trodes. It may not be possible to 
obtain such a field in a homogene- 
ous medium by means of two elec- 
trodes, whatever their form may 
be. Field forms can be shown, 
however, in which the field inten- 
sity in certain spaces near the 
electrodes is reduced, while the field 
in the middle is relatively stronger. 

Circular Plates 

An example of such a field which 
arises between two circular rings 
is shown in Fig. 6. (Diameter of 
the rings 10 cm, thickness 1 cm, 
distance 12.8 cm.) The three upper 
curves of Fig. 6 show the field 
strength along the three lines AA, 
BB, and CC. If one follows the 
symmetry line AA from the middle 
of one electrode, the field strength 
increases towards the center about 
10 : 1 (!). Also in the direction 

G t 

r. 

9 

/. 

Fig. 3-Field strength between two cir- 
cular plates of different size 

BB a field concentration in the cen- 
ter of the field can be observed, 
but not in the direction CC, in 
which the field as expected, de- 
creases towards the center. In 
fact, a similar arrangement has al- 
ready been used, for treatment of 
the extremities, by Leistner and 
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.mo4i-1,9 

THE WORLD'S GREATEST 

AIRLINE - 

Signal Cm p. Photo 

Airdrome Traffic Control Tower some- 
where along the lines of the Army Air 
Forces. Operated by the Army Airways 
Communications System Wing. Main- 
tains two-way communication between 
airfield and aircraft. 

Transmitter for Airport Traffic Control. 
Output rating 50 watts, Frequency 
range 116 to 12625 megacycles. 

Routes of the World's Largest Airline ... the Army Air Forces Airways 

Our Proudest Achievement - A gigantic network of air routes- 
more than 100,000 miles of communications, landing fields and supply depots 
-that's the Army Air Forces Airways. RADIO RECEPTOR'S contribution 
to the equipment of the radio life -line of these airways is its proudest achieve- 

ment. Developed in pre-war days ... refined and simplified in the crucible 
of conflict, RADIO RECEPTOR airway and airdrome equipment will be 

ready, when victory comes, to doff its war paint and resume civilian dress. 

Plan Now for Victory - Although our entire production now goes 

to the Army Air Forces, the Signal Corps and other war agencies, our engi- 

neers will be glad to confer with you on your plans for peace. The 6,000 new 

airports, estimated by the CAA as needed by the country, will require virtually. 
the same type of equipment which is being supplied to the military services. 
To the thousands of municipalities planning the expansion of existing air- 
ports, or the construction of new ones, we offer our experience. 

Write for our interesting, non -technical booklet, "Highways of the Air", which explains 
the importance of radio to aviation. Desk P-3 

Control Cabinet Assembly. Consists of > 
transmitter remote control unit, loud 
speaker and two fixed frequency airport 
receivers. 

Engineers and Manufacturers of Airway and Airport Radio Equipment 

SINCE I 9 2'2 IN RADIO AND ELECTRONICS 

Awarded for Meritorious 
Service on the Production Front. 

SPEED THE DAY OF VICTORY 
BUY MORE WAR BONDS 

251 WEST 19th STREET 

NEW YORK 11, N. Y. 
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BUILT to stand up and deliver under the roughest, toughest 
treatment, Turner Microphones are rugged instruments which 
give clear, crisp. sharp performance under any and ail acoustic 
and climatic conditions, - indoors or cut, - on the ground or 
in the air. 

For the Paul Reveres of today - the men who must get the 
message thru and cannot afford garbled communications, 
Tuner Microphones are high favoritas for sound engineering. 

But rugged dependability and intelligibility are not the 
only virtues of Turner Microphones- Distinctly styled, their 
st,eamlined beauty gives them top billing for P. A. systems where 
handsome appearance must be considered. Broadcasting studios 
rely on their efficient performance anti prestige -building lines. 

For a mike that combines outstanding performance charac- 
teristics -- a mike with "built-in fiat ' PLUS eye-catching 
appeal, choose a Turner such as 22D Dynamic, pictured above. 

Crystals Licensed Under Patents of The brush Development Co. 

FREE -.Wo a Turner Microphone Catalo; fiera for YOU 
rite for your free copy tecey. dust Addraso 

The TURNER CO., Cedar Rapids, Iowa 

I 

Fig. 7-Nonhomogeneous field produced 
by tilting circular plates to form an angle 

Schaefer (ring electrodes) and the 
authors emphasize the high depth 
effect of the arrangement which, 
from Fig. 6, can now be easily un- 
derstood. 

The field pictures shown here 
arise in air or in any nonconducting 
homogeneous and isotropic dielec- 
tric substance which fills up the 
whole area between the two elec- 
trodes. If a dielectric substance dif- 
ferent from air does not fill up this 
whole space, a refraction . of elec- 
tric force lines will occur at the in- 
terphase of both dielectrics. 

Nevertheless, measurements of 
the empty field may serve, some- 
times, as quantitative indications 
of processes that will occur inside 
of substances if brought into the 
electric field. An example of this is 
shown in Fig. 7. The field between 
two equal circular plates which 
form an angle with each other is 
very nonhomogeneous. The upper 
curve of Fig. 7 shows the sharply 
increased intensity at the point A 
where both plates are nearest to- 
gether and the drop of field 
strength on both sides of said point 
A. 

Experiments of this kind open 
an interesting aspect of the ques- 
tion of influence of the time factor 
in treatments with short wave 
fields. 

REFERENCE 

341 (1)1K. 
S. Lion, Rev. Sot. Inst. 13, 338- 
). 

(2) K. S. Lion, Hety. Phys. Acta, 14, 21- 
90 (1941). 

ZIRCONIUM, used in vacuum 
tubes, flashbulbs and welding rods, 
can ignite and explode spontane- 
ously at ordinary room temperature 
in its powdered form. 
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Special purpose oil impregnated sil- 
ver mica capacitors particularly use- 
ful in high frequency applications. 

These capacitors made in a dia- 
meter of less than 'h inch. in ca- 
pacities up to 5Q0 MMF are of mica 
discs of the highest grade individu- 
ally silvered for maximum stability 
and stacked to eliminate any "book" 
effect. The assembly is vacuum im- 
pregnated with transil oil. The out- 
side metal ring or cup connects to 
one plate of the capacitor ... the 
center terminal connects to the other 
plate by means of a coin silver rivet. 
All units are color coded. For addi- 
tional information send for Form 586. 

PRODUCERS OF VARIABLE RESISTORS 

ELECTRONICS - March 1944 

:ype 830 

I\ 
Cup style a3sembled to 

a ttreadad brass 
mounting stud. 

Type 830 
with extra ton= terminal. 

SELECTOR SWITCHES CERAMIC CAPACITORS, FIXED AND VARIABIE STEATITE INSULATORS 
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40 YEARS OF EXPERIENCE AT YOUR SERVICE 

. and makes it with a high degree of precision and 

cooperation born of our concentrated experience in 

meeting wartime's rigid requirements and schedules, 

From raw stock to completed items . . Willor serv- 

ice embraces every facility for planned production. 

We /KWIC Te4et ed aAcd eae 
PANEL BOARDS 

METAL STAMPINGS PLASTIC PARTS 

MACHINE WORE 
MECHANICAL AND ELEC- 

TRICAL INSTRUMENTS 
TOOLS AND DIES 

BACK THE ATTACK - - BUY MORE WAR BONDS 

Flight Paths of Radio 
Instrument Landing System 
PRACTICAL DATA on the use of radio 
instrument landing systems, in the 
form of photographic space-time 
records of the approach paths fol- 
lowed by a DC -3 airplane in mak- 
ing 25 instrument landings with 
the pilot under the hood, has been 
recently released by CAA. Issued 
in booklet form under the title 
"Technical Development Report No. 
32," the report includes curves 
showing the vertical and horizontal 
projection of the flight paths, air 
speeds, and sinking speeds from 
100 feet above ground, to and 
through contact with the ground, 
including the first hundred feet of 
ground roll. 

Test 
numbers 

2 4 
4- 
5 
6 

13 

14 

15 

16 -17 
18.1 

-19 
20 

21 

22 

23 
24 - 
25 

fe- 

3,000 4,000 5,100 6,000 7,000 8P00 9,000 0,000 11,000 

Distance From TransmitterIFee+) 

Fig. 1-Flight paths of 25 blind land- 
ings. Each curve represents a sepa- 
rate approach and all curves extend 

through contact 

Space-time records of the plane 
in flight were obtained by photo- 
graphic recording equipment that 
operated on the range -finder prin- 
ciple. The field setup consisted of 
two widely but specifically separ- 
ated motion picture cameras located 
about 1,000 feet from the point of 
contact of the plane with the 
ground, and symmetrically with re- 
spect to the centerline of the run- 
way. 

The cameras were fixed with 
their lens axes substantially paral- 
lel to the line of flight and ar- 
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NEW YORK CHICAGO LOS ANGELES e LONDON HAVANA 

o\NG the BOREAUsi 

Special long -wave high power radio transmit- 
ters, designed and manufactured i n 16 days by 
Press Wireless, Inc., help the Signal Corps and 
Army Air Forces cut through interference from the 
Aurora Borealis, a common enemy of efficient 
radio communications on the northern sky lanes. 

On fighting fronts throughout the world and 
on the home fronts, too, other Press Wireless prod- 
ucts are playing a vital role in American military 
victory by helping to implement the most effi- 
ciently coordinated and the most extensive com- 
munications system the world has ever seen. 

Press Wireless, Inc., pledges continued dedica- 
tion of its entire resources to triumph. 

PRESS WIRELES 
RIO DE JANEIRO 

Aroded ro Our Hicksville 
Long 111.4 Plant for Out- 

standing Achiw.o.nf in 

War Preducdio, 

PRESS WIRELESS, INC., 
IS DEVELOPING 

OR MANUFACTURING 

HIGH POWER TRANSMITTERS 

DIVERSITY RECEIVERS 

AIRCRAFT AND AIRFIELD 
RADIO EQUIPMENT 

RADIO PRINTER SYSTEMS 

MODUPLEX UNITS "TRADE MARK" 

CHANNELING DEVICES 

RADIO PHOTO TERMINALS 

FACSIMILE MACHINES 

AND OTHER TYPES OF RADIO AND 
COMMUNICATIONS EQUIPMENT 

S, 
Executive Offices Sales Office, Manufacturing Division 

INC. 435 N. MICHIGAN AVENUE, CHICAGO 1975 BROADWAY, NEW YORK CITY 

MONTEVIDEO BERNE SANTIAGO DE CHILE 
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GOLD Combats Aging 
of "COPROX" Rectifiers 

COPPER OXIDE 

COPPER 

In '"Coprox" (copper oxide) recti- 
fiers, the diminutive "pellets" reflect 
Bradley Laboratories' long exper- 
ience in precise electrical applica- 
tions of metals and alloys. Standard 
"pellets" have a 'gold layer on the 
front surface, forming the positive 
contact. For critical applications, 
,gold is used on both sides, pro- 
tecting these vital components against 
aging. 

This is only one "extra" in the 
"Coprox" line. Other unusual fea- 
tures, listed in the adjoining column, 
also make "Coprox" rectifiers last 
longer in your equipment. 

GOLD 

Other "Coprox" features: 

Pre -soldered lead wires, or spec- 
ial terminals, prevent overheating 
during assembly. 

High leakage resistance but very 
low forward resistance. 

Standard units are sealed with 
waterproof lacquers, and units for 
critical applications are potted in 
wax. 

Adaptable mountings are standard. 

Conservative ratings and un- 
usually high testing standards. 

Luxtron' photocells ('Trade Mark Reg. U. S. Pat. Off.) are another Bradley 
Laboratories achievement. WRITE FOR DETAILS. 

"Coprox" BX-22.3 
Double bridge rectifier with 
current and temperature -cur- 
rent characteristics balanced 
to better than 1% over a 

range of -40°C to +70°C. 
Rated up to 4.5 volts A.C., 

Dvolts D.C., 5 milliamperes 
.C. 

"Coprox" BX-100 
Center tap, full wave rectifier. 
Completely enclosed in Bake- 
lite. Low capacitance. Recti- 
fies high frequency current. 
Rated up to 4.5 volts A.C., 
3.0 volts D.C., 500 micro- 
amperes D.C. 

"Coprox" BX-22.5 
Single half -wave rectifier rat- 
ed up to 4.5 volts A.C., 3.0 
volts D.C., 2.5 milliamperes 
D.C. 

"Coprox" BX-22.2 
Full wave rectifier rated up 
to 4.5 volts A.C., 3.0 volts 
D.C., 5 milliamperes D.C. 

""Coprox" BX-22.4 
Double half -wave ' rectifier 
rated up to 4.5 volts A.C., 
3.0 volts D.C., 2.5 milli- 
amperes D.C. 

BX-22.3 

BRADLEY 
LABORATORIES, INC. 
82 Meadow Street, New Haven 10, Conn. 

ranged to automatically take simul- 
taneous pictures at the rate of four 
per second. When projected, the 
image displacements show the ver- 
tical and horizontal distances from 
the camera base line to the airplane 
as well as lateral deviation of the 
plane from the centerline of the 
runway. Accuracy of the arrange- 
ment is within 0.5 percent at short 
ranges and is about 1.5 percent at 
the extreme range of 12,000 feet. 

The instrument landing system 
investigated was located at Oak- 
land, Calif., and was of the Bendix 
type involving the use of an equi - 
signal localizer and a constant in- 
tensity glide path. The beam path 
was substantially parabolic in 
shape. 

Curves showing the vertical and 
horizontal projections of the ap- 
proach paths from 100 feet to con- 
tact for each of the 25 blind land- 
ings are shown in Fig. 1. Of these, 
the individual flight paths num- 
bered 17 and 2 represent the best 
and the worst of the 25 approaches. 
The height variation during all ap- 
proaches was about 30 feet while 
the lower boundary of the approach 
paths indicates a distance to 
height ratio of 43:1 down to a 
height of 50 feet, below which the 
landing "flare" is accomplished. 

In Fig. 1, the height scales are 
exaggerated with respect to the 
distance scales. This scale ratio 

10,000 

9,000 

8,000 

7,000 

6,000 

5,000 

4,000 

3,000 

2,000 

1,000 

o 
--100 +1001-100 +100 -100 +100 -100 +100 

-100 +100 -100 +100 -100 +100 
Lateral Deviation in Feet 

Fig. 2-Several curves of approach 
paths, showing lateral deviation from 
the runway centerline. Points marked 
X indicate contact of the plane to 
ground and dotted portions of the 
curves represent taxiing paths after 

contact 

1 2 3 4 5 6 

. 

Cameras 

t 
'929.2 
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ACCURAT 

Production 

Therefore it is 

arsenal of any 

troF=l 

Formica has always 
Elaborate means are 

CONTROL 

o sustained quali 

the most important we 

any that expects to grow._;; 
T.'. 

keW,=production control 

ploy ed` to check raw ,- 
manufacturing processes 

NIFORMITY ! 

ons in the 

ry seriously. 

aterials and 

And the result over the year=. as been onus, I uniformity in 

the product-the certainty for a ry custome`<" that his produc- 
tion runs will maintain the same aracterist as the sample 
material which he originally tested. 

THE FORMICA INSULATION CO., 4661 SPRING GROVE AVE., CINCINNATI 32, O. 
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You can depend on 

KINNEY 
for low absolute pressures 

Month after month KINNEY Compound Dry Vacuum Pumps 

reliably maintain the low absolute pressures required in the 

manufacture of tubes, lamps and many other products. These 

lower pressures save production time, lower the percentage of 
rejections and reduce production costs. Before shipment every 

KINNEY Compound Dry Vacuum Pump must pass an acceptance 
test showing a reading of 0.5 microns (.0005 mm) on the McLeod 
gauge. Readings of 0.1 to 0.2 microns are usually obtained. 

Backed by years of experience in the vacuum pump field, KINNEY 
Compound Dry Vacuum Pumps assure long, dependable operation. 
They are simple in design and their compactness permits them 

to be closely connected to the work, thereby saving valuable 
floor space. They have replaced mercury vapor pumps for many 

services with entire satisfaction both as to production time and 

operating expense since cold traps are eliminated and the 

pumping system simplified. Write for Bulletin 18. 

We also manufacture Single Stage Vacuum Pumps, Liquid Pumps- 
plain pattern and steam jacketed, strainers, clutches and cut-off 
couplings. 

KINNEY MANUFACTURING CO. 
3565 WASHINGTON ST., JAMAICA PLAIN, BOSTON 30, MASS. 

Branch Offices: 
New York Chicago Los Angeles Philadelphia San Francisco 

.: 

serves to emphasize the "hunting" 
of the plane during approaches. 

Lateral deviations of approach 
paths with respect to the center- 
line of the airplane were within a 
lane 350 feet wide and symmetri- 
cal about the centerline of the run- 
way. Some typical approach paths 
as examples of the lateral devia- 
tion are shown in Fig. 2. The com- 
plete set of curves show that the 
best and the worst flight paths do 
not represent the best and worst 
lateral deviation approach paths. 

During all 25 instrument ap- 
proaches the air speeds varied from 
105 to 135 miles per hour at a 
height of 100 feet, while contact 
speeds varied from 75 to 105 miles 
per hour. This indicates a varia- 
tion of 30 mph during all ap- 
proaches. The sinking speeds in 
all 25 approaches did not exceed 
nine feet per second. 

Future Electron Microscopy 
MAGNIFICATION AS HIGH as 2,000,- 
000 diameters appears to be the 
theoretical limit of electron micro- 
scopes of the future, but before 
this optimum resolving power may 
be realized it will be necessary to 
solve other problems which limit 
present electron lenses. This theo- 
retical concept, and the limiting 
factors of present instruments, 
were presented in a joint paper by 
Drs. V. K. Zworykin, James Hillier 
and E. G. Ramberg, of RCA Lab- 
oratories, at a meeting of the Elec- 
tron Microscope Society of Amer- 
ica in New York during January. 

It was pointed out that prac- 
tically all the limitations due to 
inaccuracies of machining or un- 
suitable materials have been re- 
moved and that further improve- 
ment will come only by removing 
the optical difficulties due to aber- 
rations. Spherical aberration, or 
aperture defect, is the most im- 
portant of these and in the electron 
microscope is caused by electrons 
going through the outer edges of 
the lens and being focused at a 
different place from those going 
through the center. Correction 
techniques used in ordinary optics 
cannot be used since there is no 
such thing as a diverging electron 
lens. 

"However," said Dr. Ramberg, 
who read the paper, "we now have 
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Copper 
Sulphide 

METALLIC 
RECTIFIERS 

Selenium 

Are you working on any plans that 
volve D. C. Power Supplies, Metallic Recti- 
fiers, or Conversion Assemblies? 
Our Engineers are constantly devoting their 
thought and attention to the multiplied 
applications of rectified power-and their 
specialized experience is extremely valu- 
able to you. 
The combination of this Engineering back- 
ground- plus the reliability, efficiency, and 
dependability of BL Metallic Rectifiers-wilt 
bring you a new conception of AC -DC 
conversion. 
Submit your conversion problems to us. 
We will gladly render a thorough Engi- 
neering service-without obligation to you. 
Write today for Bulletin 90 on BL Metallic Rectifiers 

Designers and moeufactemers of Copper Sulphide and Selenium Rectifiers, 
Battery Chargers, c ad D.0 Po dyer Supplies for practically every requirement 
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S 

THE LATEST IDEA in true Hermetic 

Sealing is a Thordarson development 
TRANSFORMER TERMINALS IN GLASS 

'" r ïl 

RDÄRSI 

4%^';tow 

The above types are suitable for use anywhere 
in the world, regardless of climatic conditions. 

TRANSFORMER DIVISION 

THORDARSON ELECTRIC MFG. CO. 
500 WEST HURON STREET, CHICAGO, Ill. 

77s a s°te Ç /e3 95 
.. ORIGINATORS OF TRU-FIDELITY AMPLIFIERS 

Drawn from 
the Statue 
of Hermes. 
by Praxiteles. 

a method which it is believed will 
overcome this defect of electron 
lenses. The idea behind it is bas- 
ically as follows: Electrons leav- 
ing the specimen must take a little 
longer to reach the outer edges of 
the lens than they do to reach the 
middle region, simply because they 
have further to go. If, during this 
short interval of time between the 
arrival of the electrons at the mid- 
dle and outer portions of the lens, 
we adjust the power of the lenses 
slightly so that the focal length of 
the lens is just right for the elec- 
trons when they arrive, then all the 
electrons should be focused to the 
same place in the image. This has 
assumed, of course, that the elec- 
trons left the specimen only during 
a very short period, otherwise some 
electrons would continue to go 
through the middle of the lens after 
its focal length has been changed 
again blurring the picture. 

"Actually, the idea can be ex- 
tended to take care of a steady 
stream of electrons coming through 
the specimen simply by applying an 
alternating potential of the right 
frequency and wave shape in such 
a way that it controls both the ini- 
tial velocities of the electrons and 
the focal length of the lens." 

A total of thirty papers were pre- 
sented at the meeting, held jointly 
with that of the American Physical 
Society at Columbia University. 
The subjects covered by the papers 
included many branches of indus- 
trial research as well as details of 
techniques involved in various ap- 
plications of the electron micro- 
scope. Some of the highlights of the 
papers follow. 

Details of the optical system, of 
the stage mechanism, of the air- 
locks and of the power supplies of 
the electron microscope at Stanford 
University were given in a paper 
by Ladislaus Marton of Stanford 
University. 

The results of investigations of 
magnetic lenses were covered in a 
paper by L. Marton and R. G. E. 
Hutton of Stanford University. 
They reported that optimum aper- 
ture sizes and their location for ob- 
jective lenses, as well as optimum 
numerical apertures for condenser 
lenses, have been calculated for 
magnetic lenses. The results neces- 
sitate a revision of former esti- 
mates of voltage and current con- 
stancy for the transmission type 
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In these two compact 

units there are really 

seven instruments 

Tr, 

x? 

- 

_CS i lu,lcr Atirl., O:rr:,'1,5 

Remember! The -hp- audio oscillator (in 
requires no zero setting, the Model 300 way 
analyzer provides variable selectivity, -hp- va um 
tube voltmeter indication is proportional to he 
average value of the full wave and the -hp- Au 
Signal Generator makes standardized frequencie 
and voltage instantly available. Get full information 
about these and other outstanding -hp- electronic 
instruments today. Ask for the new 24 -page catalog 
which gives much valuable information in addition 
to complete data on -hp- instruments. 

805 

There are only three standard -hp- instruments 
included in this laboratory set-up yet tie two 
units inclúde the following seven: an -,gip- Re-. 
sistance-Tuned Audio Oscillator, an attenuator, 
a vacuum tee voltmeter, a set of fundamental 
eliminetio filters, an input meter, an Dutput 
me_er,t and a wave analyzer. The uses for this 
comb/flat/ion of instruments are too extensive 

\to list het e but some idea of its scope is six wn 
by tte f llowing: 

i easpre voltage level, power outputand ampli- 
fier gap. 

Measure noise and hum level in audio frequency 
eilui iment. 

Measure individual components of a complex wave. 
Measure voltages from 3mv to 300v-from 10cps 

to )00 kc. 
/Measure total distortion of frequencies from 30cps 

tp 15 kc. 

4 Integrate noise spectrum for acoustic measure - 
menus. 

Generate a known voltage as well as a known 
frequency at common impedance levels and make 
many another test or measurement on audio fre- 
quency equipment. 

HEWLETT-PACKARD COMPANY 
Box 805, Station A Palo Alto, Calif. 
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Speri i 
pure research yields 

practical developments 

You may have thought of Sperti. 
Inc. as a manufacturing com- 

pany. It is, but it is also a great 
deal more. 

The mounting success of this 
organization stems from a 

unique relationship with world- 
famous scientific laboratories. 

These laboratories are engaged 
in pure research. Some of their 
projects in the service of man- 
kind are such that they may re- 

quire the efforts of a lifetime. 
But in these large, over-all proj- 
ects, there are completed areas 

of research which have an im- 
mediate practical value. 

Many of their discoveries and 
advances in electronics, irradi- 

ation, fluorescent lighting and 
cellular stimulation . .. impor- 

tant as they are ... represent 
only parts of a larger, related 

program. 

Sperti, Inc. exists to make 
available completed research 
which can be translated into 
products that serve mankind. 

And because research in these 
great laboratories is continu- 

ous, new discoveries of imme- 
diate practical value occur 
frequently. 

Some of these discoveries may 
play a vital part in your in- 
dustry...now ...and in the post- 
war future. To be fully in- 
formed about such advances, it 

is recommended that you main- 
tain a contact with Sperti. Inc. 

peril Incorporated 

s 

R 

RESEARCH, DEVELOPMENT, MANUFACTURING CINCINNATI, OHIO 

of magnetic electron microscope. 
A modified form of specimen 

holder was described by L. Marton 
and C. Martin of Stanford that al- 
lows easy handling of the specimen 
both before and after observation 
and is so constructed that the 
"right" face is always recognized. 

A description of some equipment 
used in the preparation of electron 
microscope specimens, particularly 
valuable in the preparation of 
stripped replicas, and a description 
of a system for keeping and index- 
ing mounted specimens, were given 
by L. E. Hagmann of General Elec- 
tric Co. 

F. Baker, RCA Laboratories, led 
a discussion of the ; following 
miscellaneous results which have 
been obtained in the course of the 
past two years in development of 
the electron microscope: (a) limit- 
ing resolving power (b) effect of ob- 
jective aperture on resolving power, 
(c) effect of aperture on alignment 
(d) the study of first, second, and 
third minimum focal lengths for 
magnetic lenses of various dimen- 
sions and at various voltages (e) 
the effect of lens length on image 
distortion (f) a study of multiple 
gap lenses. 

The structure and organization 
of the bacterial cell as shown by 
electron microscopy were covered 
by Stuart Mudd, T. F. Anderson 
and Katherine Polevitzky, Uni- 
versity of Pennsylvania. Insight 
into structural differentiation has 
been gained which has already led 

GIRLS FOR ENGINEERS 

The shortage of engineers has caused 
Sylvania s Emporium plant to transfer 
girls having high production and educa- 
tion records to jobs as engineering 
assistants. Here. Dorothy Nebraska and 
two assistants use a tier of meters 
while working on an engineering 

assignment 

244 March 1944 - ELECTRONICS 

www.americanradiohistory.com



CJ -43 

LIGHTER weight, greater speed, higher 
safety standards, longer life, lower travel 
and transportation costs ... have been the 
lengthening shadows which have forecast 
our modern methods of overland trans- 
portation. 

One C -D product, DIAMOND Vulcan- 
ized FIBRE, early presaged revolutionary 
design changes. DVF is a tough, strong 
NON -metallic, with an extremely favor- 
able, strength -weight factor when compared to metals. It has 
a natural resilience and great ability to absorb shocks and 
vibration. It is a good electrical insulator. It is readily punched, 
machined or formed. 

In 1911 C -D introduced DILECTO, a laminated plastic, 
first called "waterproof fibre." DILECTO has played an 
equally important part in helping advance transportation 
methods. Wherever electricity must be controlled C -D 
DILECTO provides insulation that stands up L.nder extreme 
conditions of temperature and moisture. 

In adapting these and the other C -D NON-metallics to 
the "What Material?" problems of peace and war, the C -D 
laboratory has acquired a wealth of "know iow" which is 

at your disposal to help you solve your "What Material?" 
problem. 

DISTRICT OFFICES: New York -ClevelandChicago - Spartanburg, S.C. 
West Coast Rep., Marwood, Ltd., San Francisco - Sales Offices in principal cities 

DirfAnc.d 

C-Dproductsinclude Tl4'. PLASTICS ...DILECTO -a lami noted phase ic: 
CELORON-a molded phenolic: DILECTENE-a pure resin plastic es- 
pecially suited toU-H-F imselation ... THE NON -METALLICS, DIAMOND 
Vulcanized Fibre: VULCOID-resin impregnated vulcanized fibre. and 
MICABOND-built-up mica insulation. Folder GF describes all these 
products and gives standard sizes and specifications. 

FIBRE Ç O M P A NY 
Established 1895 . . Manufacturers of Laminated Plastics since 1911 - NEWAR14 DELAWARE. 
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i 

_`'Lak e ace 
La ii.inated 

Precious Metals 

FOR more than fifty years we have 

specialized in sheet, wire and tubing 
of precious metals, laminated on base 

metals, to secure the chemical and 

electrical properties of the one with 
the strength and resilience of the 
other. Thus, gold on phosphor bronze 
for tarnish proof and fixed quality 
bursting discs; silver alloys on nickel 
silver or brass for contact parts, col- 

lector rings, etc. 

We supply too, all precious metals in 

solid form and non-ferrous base met- 

als to close tolerances and manufacture 
them into sheet down to .003" thick 
and in widths up to 4"; wire to .009" 
diameter and tubing from .015" to 
1 1/2" outside diameter with wall thick- 
nesses from .004" upward. We also 

make fancy and special shapes and 
parts from them to your specifications. 

to useful applications; at least one 
hitherto unknown structure, be- 
lieved to be the locomotor organ of 
spirochetes, has been discovered by 
electron microscopy. 

Techniques in the preparation of 
biological specimens for electron 
microscopy were discussed by 
Thomas F. Anderson, University of 
Pennsylvania. A new method in- 
volves the deposition of a suspen- 
sion of the material to be studied 
as a very fine spray on the collodion 
membrane while the latter is still 
on the distilled water on which it 
was cast. The droplets then shrink 
rapidly as salts and other material 
dialyse through the membrane 
leaving behind all materials which 
fail to pass. The collodion is then 
picked up on the fine wire specimen 
screen as usual and is ready for 
examination. 

Electron microscopy of the etio- 
logical agent of lymphocytic chorio- 
meningitis was described by Greg - 
"pry Shwartzman, Mt. Sinai Hos- 
pital, and involved purification of 
infected mouse and guinea-pig 
brains by a method presented in 
detail. 

The effect of sonic vibration, ul- 
traviolet light and pH on the bac- 
teriophage virus was discussed by 
Thomas F. Anderson, University 
of Pennsylvania. While the activ- 
ity of the virus is readly destroyed 
by ultraviolet light, it requires 
some 300 to 600 "lethal doses" to 

BRITISH RADIO MISSION 

Sir Robert Watson-Watt (left), one of 
Great Britain's greatest scientists, is 
shown electronics equipment for the 
army and navy by Joseph H. Gillies, 
vice-president in charge of radio pro- 
duction of Philco Corp. Looking on is 
Rear Admiral Julius A. Furor. U. S. N. 
Coordinator of Research and Develop- 

ment 
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(PHOTOGRAPH ACTUAL SIZE) 

An 

¿fiL'etL 
micRo SWITCH 

ir A "must" where snap action is imperative Positive electrical control 

-er Designed for high altitude application - Micro Switch unit readily replaced 

.5«friufd e [2 

3 % 
ir Single Pole 

Double Throw 

N W -57-C Utilizing Micro Switch 
sr Single Pole, 

normally closed Catalog No. W Z -R31 

N Y -57-C Utilizing Micro Switch 
-k Single Pole, 

normally open Catalog No. Y Z -R31 

N B -57-C Utilizing Micro Switch 
(Army Air Corps Approved) 

Catalog No. B Z -R31 

& f7d AtCZ`ólCtte2: 

24V -DC, 160 

Jeece,tecai 
PRODUCTS SUPPLY CO. 

Affiliated with Electrical Products Corp. 

1140 Venice Blvd. Los Angeles 15, Calif. 

Ohm Coil, 3.6 Watts Also supplied in 6V and 12V Coils 

Weight 5 7 Ounces 

Coil Terminals 6-32 Bolt Connections 

Acceleration Resists in excess of 20 Gravity Units 

Vibration Complies with Army tests 

Dimensions Overall of base 3-4"x 2 146" 
Overall width of unit 1 5-8" 
Overall height of unit 2 3-8" 

Mounting Holes 1 3-4" C to C for No 6 Screw 
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or 
CIRCUIT BREAKERS 

Auniform size and shape of thermo- 
static bimetal elements may now be 
used in the building of a line of circuit 
breakers covering a wide range of cur- 
rent ratings. This is made possible by 
selecting a type of bimetal based on the 
electrical resistivity. 

The requirements for such applications 
are being met by the following types, 
which cover a wide range of electrical 
resistivity values. 

Electrical Resistivity 
ohms per cir. mil ft. 

Recommended Type of 
Thermostatic Bimetal 

95 .Chace No. 3300 

125 .Chace No. 6125 

150 .Chace No. 6150 

200 .Chace No. 6200 

300 .Chace No. 6300 

400 .Chace No. 6400 

480 .Chace No. 2400 

650 .Chace No. 6650 

850 .Chace No. 6850 

The greater activity of Chace bimetals, types 
6650 and 6850, permits the designing of smaller 
units, thus holding weight and size down to a 
minimum, an important consideration in the 
making of aircraft controls. For specific recom- 
mendations, write us detailing your problem. 

wnn.0 ACE co. 
Thermostatic Bimet Special Alloys 

1630 BEARD AVE DETROIT 9, MICH. 

effect the disintegration of the 
virus particles by irradiation. Both 
sonic vibration and irradiation, 
however, cause the partial disinte- 
gration of the virus particles. The 
dense material of the head first ap- 
pears to escape from what appears 
to be a membrane originally sur- 
rounding this structure and at- 
tached to the "tail". With contin- 
ued treatment even these traces of 
the phage particles disappear and 
only amorphous masses of material 
can be found in the electron micro- 
scope. Short exposure of the virus 
to pH's below 2 and above 12 bring 
about only a gradual blurring of 
the structures without a selective 
effect. 

G. L. Clark and Robert B. 
Fischer, University of Illinois, dis- 
cussed an attempt made to study 
exceedingly thin specimens, partic- 
ularly of aluminum alloys used in 
airplane construction, by direct 
transmission of the electron beam 
through the specimen. The begin- 
ning stages in age hardening and 
the results in the electron micro- 
graph were compared with the new 
technique of X-ray microradio- 
graph. The replica technique is 
not as advantageous as transmis- 
sion, although it is extremely diffi- 
cult to prevent rapid precipitation 
and age hardening at room tem- 
peratures. 

The general technique of produc- 
ing replicas of the surfaces of 
opaque bodies for use in the elec- 
tron microscope was considered 
from the viewpoint of detailed in- 
terpretation by R. D. Heidenreich 
and L. A. Matheson, of Dow Chem- 
ical Company. 

Vacuum in Tubes 
THE RANGE OF VACUUM required for 
electronic tube manufacture ex- 
tends from 0.01 or 0.02 millimeters 
of mercury to 10' or 10' mm of Hg. 
Receiving tubes can be manufac- 
tured using only mechanical oil 
sealed pumps capable of pumping 
down to an actual pressure (in- 
cluding pressure of vapors) of 0.01 
to 0.02 mm of Hg. The final pres- 
sure in the tube must be lowered 
by the use of getters. 

Power tubes, cathode-ray tubes 
and special purpose types require 
lower pressures during exhaust 
that range down to 10' or 10' mm 
Hg. With these low pressures, get - 
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\I DIEIEX VARNISHED TUBING PRODUCTS 

'Varnished Tubtog--Standard and 
Magneto Grades 
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Actual samples of Dieflex tubing and sleeving are inserted in 
the card. You may remove them to ascertain first hand how they stand up under 
cutting, bending, fraying, or any other test to which you may submit them. Cards 
are punched to hang on the wall or to insert in ring binder catalogs. The quantity 
is limited so we suggest that you write at once for it. No obligation ... it's free! 

SERVICE FOR MANUFACTURERS 

IN THIS MIDWEST TERRITORY 

INSULATION MANUFACTURERS CORPORATION 

* CHICAGO 6 565 West Washington Blvd. 

* CLEVELAND 14 1005 Leader Building 

MILWAUKEE: 312 East Wisconsin Avenue 
DETROIT: 11341 Woodward Avenue 

Representatives in MINNEAPOLIS: 316 Fourth Ave., South 

PEORIA: 101 Heinz Court 
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Supply Line to Production Line 
For a record built on service, you will find 

STERLING a real help in building an endless 
supply line to your production line. 

Manufacturers, builders and assemblers all over 
the country look to STERLING as the one source 
with a complete stock of fastening requirements in 
every shape and size. Illustrated above are just a 
few of the items Stocked by STERLING. 

Write us today-check with STERLING as a 
source for bolts, nuts, screws, rivets and washers. 

Precision Manufacture Meeting Rigid Inspection Tests 

STERLING BOLTS 
STERLING BOLT COMPANY 211 W. JACKSON BLVD., CHICAGO 6, ILL. 

ters are still often necessary. 
The present trend in tube manu- 

facturing is toward higher vac- 
uum rather than higher capacity. 
The need for pumps of larger 
capacity is now subordinate to the 
need for connecting tubing of low- 
ered resistance to provide a reduc- 
tion in the pumping time. 

The types of pumps used on re- 
ceiving tube exhaust machines are 
usually mechanical oil -sealed types 
of both one- and two -stages with 
speeds from 15 to 45 cubic feet per 
minute. Many machines also in- 
clude metal mercury diffusion 
pumps in the final positions. Sim- 
ilar equipment is used on some of 
the smaller power tube machines. 
On others, a small metal mercury 
diffusion pump is installed for each 
port. Exhaust machines for large 
cathode-ray tubes have larger 
metal mercury diffusion pumps at 
each port. Glass mercury diffusion 
pumps are usually used in trolley 
exhaust of large power tubes. 

Oil -diffusion pumps are used on 
a few special exhaust systems. 
Single -stage mechanical oil pumps 
are satisfactory for backing up dif- 
fusion pumps but when used alone 
a two -stage pump is preferable. 
Besides vacuum tubes, the pumps 
may be used to evacuate electric 
light bulbs, mercury switches, 
fluorescent and neon tubing, vac- 
uum insulated bottles and vessels, 
filters and vacuum dryers. .. 
MARINE GIRL OPERATOR 

Corp. Priscilla Wilson, USMCWR, con- 
tacts a plane at the Marine Air Sta- 
tion at Cherry Point. N. C. She is one 
of the first women in the Marine Corps 
to hold down the job of control tower 

operator 
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K-140 
Maximum Capacity 140 mmf 
Minimum Capacity 6 mmf 
Has 29 plates spaced .022" 
(Photo 11/2 times actual size 

K-150-050 

Capacity 150 mmf 

Spacing .050" 

Use this reliable 

West Coast source for 
Variable Air Condensers 
Kaar Engineering Company now 
offers prompt delivery of stand- 
ard and special types of variable 
air condensers suitable for many 
applications in radio transmitters 
and receivers. They are particu- 
larly useful as tank and antenna 
tuning capacitors in low and me- 
dium power transmitters. 

The small cross-section of Kaar 
condensers allows a number of 
them to be assembled in multi- 
channel radio equipment in a 
minimum amount of space. Every 
Kaar capacitor is substantially 
constructed with soldered and 
plated brass rotor and statorplates. 
Shafts can be furnished slotted for 
screwdriver adjustment, and ta- 
pered lock nuts and split bushings 
assure positive locking without 
disturbing the adjustment. 

Special types are available with 
very wide air gaps, double rotors 

K-100-2 B 

Capacity 100 mmf 

Spacing .022" 

VARIABLE 

AIR CONDENSERS 

FOR TANK CIRCUIT 

AND ANTENNA TUNING 

and stators, high maximum capac- 
ities or special mounting brackets. 
Further information will be glad- 
ly furnished upon request. 

KAAR 
ENGINEERING CO. 

PALO ALTO, CALIFORNIA 

Export Agents: FRAZAR AND HANSEN 

301 Clay Street San Francisco, Calif. 

MOBILE RECEIVERS - Crystal 
controlled superheterodynes 
for medium and high frequen- 

cies. Easy to service. 

CRYSTALS- Low -drift quartz 
plates. Fundamental and 
harmonic types available in 

various holders. 

TRANSMITTERS - Mobile, 
marine, and central station 
transmitters for medium and 
high frequencies. Instant 

heating, quickly serviced. 

MICROPHONES-Type 4-C 
single button carbon. Su- 
perb voice quality, high 
output, moisture resistant. 

POWER PACKS-Heavy 
duty vibrators and power 
supplies for transmitters, re- 
ceivers. 6, 12, 32 volts DC. 
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1/ 

WILL FOLLOW THIS WAR 

MODERN wars make use, to the fullest extent, of science and 
the arts. Millions are being poured out today for research 

and scientific development. 

The result of that research not only will bring to us sooner the day 
of peace, but will make it a day to look forward to, with all human- 
ity benefiting from this feverish, whirlwind search for facts. 

Webster Electric's skill and experience in the production of mag- 
netic reproducers and crystal pickups today are directed almost 
100% to bringing about the downfall of America's enemies. 
Under the demand for even finer products, research and develop- 
ment goes on apace at Webster Electric. 

In the meantime, many thousands of homes, that enjoy radio - 
phonograph combination sets, experience daily the added enter- 
tainment and pleasure that these Webster Electric units bring. 

There will be no "dark ages" to follow this war. From out of our 
experience in the development of products for war, Webster Elec- 
tric will be ready to be of even greater service to industry in the 
new Electronic Age. 

(Licensed under patents of the Brush Development Company) 

LET'S ALL BACK THE ATTACK . . . 

BUY EXTRA WAR BONDS, TODAY! 

WEBSTER ELECTRIC COMPANY, Racine, Wisconsin, U. S. A. 
Established 1909. Export Dept.: 13 E. 40th St., New York (16), N. Y. 

Cable Address: "ARLAB" New York City 

WEBSTER FM ELECTRIC 
"Where Quality is a Responsibility and Fair Dealing an Obligation" 

RC Oscillators 
(Continued from page 129) 

by switching in various resistor 
values. 

The phase shift oscillator shown 
in Fig. 7 produces a 180 -deg phase 
shift across its RC filter, and the 
output of this filter is used to ener- 
gize the grid of the tube. The at- 
tenuation of the filter makes it 
necessary for considerable amplifi- 
cation to take place in the tube it- 
self. Pentodes are sometimes uti- 
lized. Sine waves of any phase re- 
lation between 0 deg and 180 deg 
may be obtained by appropriate 
taps on the filter section. 

Production of Sine Waves 

Since an isosceles -shaped saw - 
tooth wave is composed of odd har- 
monics of a sine wave, its conver- 
sion becomes relatively simple when 
using a low-pass filter of the type 
shown in Fig. 4. Such a filter may 
be used over a fairly wide fre- 
quency range, the limiting factor, 
of course, .being the approach to its 
cutoff point. 

FIG. 7-Usual method of operation of this 
phase shift oscillator over a frequency 
range is to make C C,, and C, variable 
and ganged, while R R and R:, are 

switched in steps to change ranges 

A general design principle for 
optimum attenuation throughout a 
range of frequencies is to make X, 
equal to R near the low or mid -part 
of the range. As many sections as 
necessary may be used; extra sec- 
tions, of course, tend to neutralize 
the effect of input and output im- 
pedances upon the filter character- 
istic. 

Where a good isosceles type of 
saw -tooth waveform is available, 
an excellent sine wave will be ob- 
tained at the output of the filter 
with as few as two sections. Few 
sections cause little attenuation and 
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Looking backward at one of the many radio 

control devices designed and produced by Croname. 

Constant progress has been made from tñe string, 

friction, band drive type to the fine gear driven unit. 

Today making exacting precision mechanical 

controls for radio and communication units. 

METAL CABINETS - DIALS - PANELS 

CROII,A M ó 
CROWE NAME PLATE AND MANUFACTURING CO. 
3701 RAVENSWOOD AVENUE CHICAGO 13, ILLINOIS 
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that recent 
develop - 

We all agree must remain 
develop- 

ments in electronics secrets. 
warded to be told it will 

closely guarded can 
important But when the what an 

prise 
many had the 

part t 131aw-Knox has d 
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Knox Vertical 
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FIG. 8-A graphic illustration of saw - 
tooth wave transformation by use of RC 
filters designed for wide -range operation. 
This indicates the importance of keeping 

the input waveform isosceles in shape 

the more nearly isosceles the shape 
of the wave, the less overall attenu- 
ation is necessary for sine wave 
production. 

When the isosceles waveshape 
deviates to other forms of saw - 
tooth waves, the filter cannot be 
used over such a wide range since 
the nearest harmonics are now 
lower in frequency and thus are 
not sufficiently attenuated to elim- 
inate their consequent distortion 
of the sine wave. It will be noticed, 
therefore, that when a saw -tooth 
waveform, other than one of isos- 
celes shape, is passed into the filter 
of Fig. 4, many of the lower har- 
monics are not attenuated and a 
resultant sine wave distortion en- 
sues. For a typical example, see 
Fig. 8. The only corrections for 
such a condition are: 

1. Lower the frequency cut-off 
point of the filter so as to elimin- 
ate the unwanted harmonics. This 
will reduce the effective frequency 
range through which the filter can 
operate. 

2. Add extra sections to produce 
more attenuation of the harmonics 
in relation to the fundamental. 
This causes such severe overall at- 
tenuation as to make it undesirable 
in many applications. 

3. The best solution is to main- 
tain the waveform as close to an 
isosceles shape as possible and use 
as few sections as possible to result 
in minimum attenuation. 

Synchronization of Oscillators 

The frequency of a vacuum -tube 
oscillator can be synchronized with 
an external frequency source when 
the two are closely related or are of 
corresponding ratios of integers. 
The greatest tendency for syn- 
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*ode To 
Send for complete data giving 
physical properties of Acadia 
Polystyrene, plus a table of 
specifications on its electrical 
properties. 

Acadia Styraloy 
Flexible at -100°F and has 
many of the electrical prop- 
erties of Polystyrene. Ideal 
for numerous electrical appli- 
cations. Write for information 
on forms now available, and 
data on physical and electrical 
properties. 

YOUR ELECTRICAL REQUIREMENTS 

Offering an unusual combination of 
highly desirable electrical properties, Acadia 
Polystyrene compares favorably with mica and 
ceramics. Its dielectric constant, strength, and 
power factor make Polystyrene electrically 
superior to any other commercial plastic. 

Consider also the values: zero water ab- 
sorption; relative freedom from adverse effects 
by acids, alkalies, alcohol, stack gases, weather, 
etc; an excellent dielectric constant value, 
and high tensile strength of 3500 to 5000 
lbs. per sq. in. Add to these Acadia's wide 
experience in the plastics field, and you have 
the reasons why Acadia Polystyrene merits 
your investigation. 

Complete details are available or- request- 
for quick reference some of Polystrene's out. 
standing values are given here: 
Dielectric Constant 

2.5 to 2.6 at frequencies 101 
Power Factor, 60 cycles .0001 to .0003 

103 cycles_ _ _ _ .0001 to .0003 
106 cycles_ _ _ _ .0001 to .0008 

Dielectric Strength, Volts/Mil '/e" thickness 
Short time 500 to 700 

Step by step 450 to 600 
Volume Resistivity, ohms -cros _ _ _ _ 1017 to 1019 
Heat Resistance 150°F to 175°F 
Softening Point 190°F to 250°F 
Specific Gravity 1.05 

ACADIA 
Processors of Synthetic 

Rubber and Plastics Sheets 
Extrusions Molded Parts 

PRODUCTS 
DIVISION WESTERN FELT WORKS 
LARGEST INDEPENDENT MANUFACTURERS AND CUTTERS OF FELT 
4035-4117 Ogden Avenue Chicago 23, Illinois Branch Offices in All Principal Cities 

ELECTRONICS - March 1944 255 

www.americanradiohistory.com



i6ecte mee 
The Sigma Family of 

SENSITIVE Relays? 

TYPE 4R 

TYPE 5F 

TYPE4MBR 

TYPE 4R with rectifier 

TYPE 4F 
The type 4F sensitive relay is 

compact (15/8 x Is/H x 1532), 

it is fast (2 or 3 milliseconds 
with sufficient power), resist- 
ant to aircraft vibration (with 
50 milliwatts of input power), 
resistant to tropical humidity. 

TYPES 4A and 4R 
The types 4A and 4R (same op- 
erating characteristics as 4F) are 
covered and on a 5 prong tube 
base. The 4R is smaller (14 x 

11/ x 258) than the 4A (23/8 
diameter, 218 high). The 4A can 
be hermetically sealed (4AH). 

* 
TYPE 5F 

The type 5F has extreme 
sensitivity (0.0005 watts 
minimum, 0.005 watts for 
aircraft conditions), extreme 
ruggedness (withstands 
500 g shock), maintains 
adjustment precisely under 
extremes of temperature. 

* 

TYPE SR 
The type 5R (I/2 x x 

21 1) is covered and on a 5 

prong tube base. Both the 
types 4 and 5 are available 
with a built in full -wave rec- 
tifier giving D. C. sensitivity 
on A. C. input. 

The above group shows the basic Sigma relays and a few of the 
modifications for general types of applications. Beyond this every 

relay is individually engineered for the job for 
which it is intended. 

Furnish us with complete details 
regarding your requirements (a ques- 
tionnaire is enclosed with our printed 
data to facilitate this) and be assured 
of best possible solutions to your 
sensitive relay problems. 

Io'iu'ui lIIstrIlIllelitsi INC. b .. RELAYS 
70 FREEPORT ST., BOSTON, 22, MASS. 

chronization exists when synchron- 
ization at the same frequency is at- 
tempted. The Q of the circuit to be 
synchronized, together with the 
amplitude of the sync voltage, de- 
termines the degree of frequency 
deviation allowable between the 
two sources to be synchronized. A 
high -Q sine wave source can only 
be made to synchronize with fre- 
quencies which are very close to the 
circuit resonant frequency. The ex- 
act amount of deviation possible 
while maintaining synchroniza- 
tion depends upon the value of Q. 

The piezo-electric oscillator has 
very high frequency stability, 
which would be impossible to syn- 
chronize without resorting to ex- 
tremely high sync voltages at a 
very closely related frequency. 
Other types of sine wave oscillators 
having lower values of Q will syn- 
chronize more readily, but not to 
frequencies which have appreciable 
deviation in relation to their reso- 
nant frequency. 

Saw -tooth sources which are 
high in harmonic content and have 
very poor frequency stability 
readily synchronize to frequencies 
which deviate considerably from 
their natural operating frequency. 
Such a source may be used to gen- 
erate sine waves which can be syn- 
chronized to considerable deviations 
in frequency. 

Frequency division may be ob- 
tained in the transitron by select- 
ing the proper quotient -frequency 
constants for the oscillator and us- 
ing the frequency to be divided as 
a synchronizing voltage. For ex- 
ample, 2000 cps may be divided by 
using it as a sync voltage to control 
an oscillator whose frequency -de- 
termining constants are set to ap- 
proximately 1000 cps. The oscil- 
lator output will then remain ex- 
actly 1000 cps even when small 
changes in frequency -determining 
constants are made in the circuit. 
Thus 2000 cps is divided by a fac- 
tor of two. 

When once synchronized, a low -Q 
oscillator will remain at the syn- 
chronous frequency even with small 
changes of the frequency -determin- 
ing constants. If these constants 
are changed sufficiently, however, 
the output voltage will move in dis- 
creet steps from one sub -multiple 
to the next. In cases where the 
sync voltage is not sufficient to ob- 
tain synchronism the oscillator 
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G -E MY(ALEX 
The development of G -E mycalex, the superior insulator 

possessing low dielectric power losses at high temperature, 
is of particular interest to the radio, electronic, industrial 
control and heating industries. 

G -E mycalex has superior electrical characteristics and good 
mechanical strength. It has a low power factor, high arc re- 
sistance, chemical and dimensional stability and a low coeffi- 
cient of thermal expansion. It is impervious to water, oil and 
gas and is unaffected by sudden temperature changes. Metallic 
inserts can be readily molded into the parts. 

General Electric is molding mycalex for rectifier seals, brush 
holder studs, tube bases, switch insulation, structural parts in 
radio transmitters, arc chutes, relay insulators, terminal in- 
sulators and as inserts in die castings and organic plastics. 
For further information write Section N-249, Plastics 
Divisions, General Electric Company, 1 Plastics Avenue, 
Pittsfield, Mass. 

Hear the General Electric radio programs: "The G -E All -girl Orchestra" 
Sunday 10 P.M. EWT, NBC. "The World Today" news, every weekday 
6:45 P.M. EWT, CBS. 

FIFTY YEARS IN THE PLASTICS INDUSTRY 

GENERAL ELECTRIC 
BUY WAR BONDS 
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ACCURACY... 

With 
QUAKER CITY GEARS 

<< 

In base to plane communication, one of the 

vital contributing factors toward the accu- 

racy of pin -point tuning is precision gears. 

Today our allied forces on all fronts are as- 

sured this accuracy with Quaker City Gears. 

Yes, Quaker City Gears are being used ex- 

tensively by our armed forces-in fact, so 

extensively we are proud of this-our con- 

tribution to help win the war. 

Quaker City Gear Works 
1910-32 North Front Street, Philadelphia, Pennsylvania 

frequency will tend to shift toward 
the synchronous frequency. 

When a periodic wave such as a 
pulse or sqaure wave is used for 
synchronism of a sine -wave oscil- 
lator, it is possible to obtain syn- 
chronism in frequency but there is 
no assurance of phase synchronism 
under these conditions. If the sync 
voltage has a section of sharp con- 
tour in its wave shape, it will 
synchronize in both phase and 
frequency with a wave from the 
oscillator which also has a sharp 
contour in its waveshape. 

Thus, an oscillator producing 
saw -tooth waves could be accur- 
ately locked with pulses or other 
saw -tooth or similar sharp contour 
wave shapes used as sync voltages. 
If the output of the oscillator were 
used as a source of sine wave pro- 
duction it would be possible to pro- 
duce sine waves whose frequency 
and phase correspond accurately to 
the repetition rate of the sync volt- 
age. 

If a regular sine -wave oscillator 
is used, the sync repetition fre- 
quency would have to be very close 
to the oscillator frequency. A 
changing phase between the pulses 
and the sine wave would constantly 
be occurring because the pulses 
could occur at different parts of 
subsequent cycles, since the sine 
wave has no sharply defined con- 
tour into which the sync pulse can 
lock. 

INSPECTION LINE 

Completed communications equipment 
for long-range bombers, being brought 
to final inspection bench at the RCA 
Victor Division plant in Camden, N. I. 
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ELCO 

Specifications: 
"A"-15/32 long x 1/2" dia.-Mountable with 

6-32 flat or filester screw. #21 tinned 
copper wire leads. I to 300,000 ohm 
value - 1/2% standard accuracy - non 
inductive pie wound -1/2 watt, 30° C. 
temperature rise in free air - 100° C. 
maximum operating temperature - 200 
D. C. maximum operating voltage. Baked 
varnish finish. 

"B"-15/16 long x 1/2" dia.-Mountable with 
6-32 flat or filester screw. #21 tinned 
copper wire leads. 1 to 500,000 ohm 
value -1/2% standard accuracy-non in- 
ductive pie wound -1 watt, 30° C. tem- 
perature rise in free air -100° C. maxi- 
mum operating temperature -300 D. C. 
maximum operating voltage. Baked var- 
nish finish. 

"T" -1-1/32 long x 7/16" dia.-Inductively 
wound -1/8 x .015 strap terminals -35 
to 35,000 ohms -2 watts, 100° C. maxi- 
mum operating temperature-normal ac- 
curacy 1%. Baked varnish finish. 

"M"--1-13/32 long x 3/4" dia.-Mountable with 
6-32 screw -1/8 x .015 thick strap ter- 
minals-Non inductive wound -1 meg 
ohm maximum resistance -600 volts max- 
imum operating voltage -100° C. maxi- 
mum operating temperature -1.5 watts - 
1% normal accuracy. Baked varnish 
finish. 

Elco wire wound resistors have met the 
test of proven quality demanded by sev- 

eral of the country's largest radio and 
instrument manufacturers. They chal- 
lenged us to make them good and make 
them fast. We met that challenge. 
Our plant is staffed with highly trained 
workers prepared and anxious to fill your 
order promptly. 

ELCO RESISTORS COMPANY 
114 West 18th Street, New York, N. Y. 

Telephone-Watkins 9-4774.5 
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NEWS OF THE INDUSTRY 
Electronics in plastics molding; ad- 
ditional frequency for WWV; new 
manufacturers' association; new 
setup for station approval; televi- 
sion broadcasters form association 

Radio Division in State 
Department 
RECENT REORGANIZATION of the 
State Department has raised the 
status of the telecommunications 
section to a division. The new divi- 
sion is headed by Francis C. De - 
Wolfe, who handled this subject in 
the old international communica- 
tions division. 

Work of the new division in ra- 
dio will be confined to the commer- 
cial and facilities aspects and will 
provide aid to broadcasters in hand- 
ling properties abroad and in ar- 
ranging for program transmission 
to this country for rebroadcast. 

Electronics in Plastics 
Industry 
APPLICATION OF electronic high - 
frequency heating to plastics has 
been more or less confined to meth- 
ods of quickly heating preforms or 
briquettes of thermosetting mate- 
rials in an auxiliary unit before 
placing the preform in the hot mold 
which gives the final shape to the 
article, according to Gregory W. 
Blessing in a recent address to the 
Plastics' Institute Alumni Associa- 
tion. He is the inventor of a 
method of bonding metal to metal 
by using plastics as the bonding 
agent and fusing the plastic mate- 
rial by high -frequency heating. 

In regard to electronic methods 
of heating preforms, he stated that 
these are now in use in many plas- 
tics molding plants and have not 
only reduced the molding time 
cycle but have enabled the produc- 
tion of many shapes and sizes here- 
tofore impossible to produce in the 
orthodox procedure of heating the 
plastic material directly in the 
mold. 

He summed up the high -f re- 
quency developments as having the 

following definite advantages : 

1. Reduced time cycles in the 
press. 

2. Reduction in pressure re- 
quired in molding. 

3. Improved flow of material re- 
sulting in less internal strain in 
the molded part. 

4. Improved flow of material al- 
lowing use of inserts with less dan- 
ger of mold pin breakages as well 
as permitting the use of smaller 
inserts. 

5. Making it possible to mold 
either more intricate or larger 
parts. 

On the other hand, Mr. Blessing 
stated there were some things that 
are needed, such as 

1. A better means of heating 

molded powder making it unneces- 
sary to make preforms. 

2. The ideal molding material 
that will not gas or sweat excess- 
ively causing sticking to the elec- 
trodes. 

3. Variations in the exact time 
cycles in heating of the material 
due to variations in bulk of the 
material, variations in the appar- 
ent impedance of one preform to 
another due to chemical differences 
in the materials from one lot to 
another. 

4. The change over from one 
molded produce to another entails 
some degree of technical knowledge 
on the part of the set-up man. Some 
of the existing equipment could be 
improved in this respect. 

Changes in Standard 
Frequency Broadcasts 
Two CHANGES in the standard fre- 
quency service of WWV have been 
announced by the National Bureau 
of Standards. A new frequency, 
2.5 megacycles, has been added to 
the three original frequencies of 
5, 10 and 15 Mc regularly trans- 
mitted. The second change is the 
omission of the pulse on the 59th 

AUTHORS AT LITERARY LUNCHEON 

Keith Heaney, editor of ELECTRONICS, is introduced to Mrs. Caverly by Don P. 

Caverly, author of a new book, "A Primer of Electronics." He is a commercial 
engineer with Sylvania Electric Products Inc., of which Roger M. Wise (right), is 

director of engineering. 
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Vdeet eoce lIee 
INDUCTORS... 

A 
Intents are a special 
opt onal feature of B & W 
"Air Wound" construction 
on small, closely wound 
coils. Windings on either 
side of every turn of wire 
are indented, thus making 
tapping quick and easy, 
any rhere on the inductor. 

B & W offers a weaLh of expe-i- 
ence backec with hith y special- 
ized faciliti z z fir the production of 
special rotary coils. Above is a 

typical unii. -fade to oxicting ear 
equipment s,lecificatihnv. 

... you can get them at B & W-expertly engineered- 
designed and produced to the most exacting quality 
stancards. In addition to the exclusive "Air Wound" 
types shown here, B & W offers "Air Wound" and 

ceramic- or phenolic -form 
types for practically any 
requirement. 

20" long, and wound with p8 solid 
wire, this B & W Air Inductor carries a 

conservative continuous rating of 7.5 
amps. Aside from special bracing. 
however, it is simply a "grown up" 
version of B & W Junior Coils of ama 
teur radio fame. 

Designed for 10 KW. service, this 
variable -link final amplifier plate coil is 
a good example of B & W on the job of 
matching modern inductor require- 
ments. B & W units of this type are 
wound with copper tubing as large 
as 1" diameter. 

BARKER & WILLIAMSON 235 
I 

AVENUE 
P ER DARBYPA 
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* 

THE GREATEST THING IN SNAP ACTION SWITCHES 

The rapidly ris- 

ing preference 

for ACRO -SNAP 

SWITCHES is due 

to the rolling 
spring principle of 

Midget Switch illustra. 
ted one-fourth larger 

than actual size. 

actuation. Two beryllium springs are 

locked together in a manner which compels one spring to 

"Trigger" the other. The contact break is more nearly 

instantaneous than with a conventional type snap -action 

switch. Friction is eliminated, and firmer contact pressure 

maintained. When built into relays, smaller coils may be 

used as less operating pressure is required. ACRO 

SWITCHES have been approved by the U. S. Army Air 

Forces after Winterization tests and adopted by both 

prime, and sub -contractors on all types of war equipment. 

Write for special bulletin on Model G Midget. 

ACRO ELECTRIC COMPANY 
1316 SUPERIOR AVENUE, CLEVELAND 14, OHIO 

NEW YORK, CHICAGO, BUFFALO, DETROIT, DALLAS, OMAHA, ST. PAUL, 

KANSAS CITY, MEMPHIS, TAMPA, BALTIMORE, NEW ORLEANS, 

PHEONIX, LOS ANGELES, DAYTON, TORONTO, CANADA. 

second of every minute of the reg- 
ular service. 

The service now consists of stand- 
ard radio -frequency transmissions 
on 2.5 Mc, 5 Mc, 10 Mc and 15 Mc. 
Standard time intervals, accurately 
synchronized with basic time sig- 
nals, and standard audio fre- 
quencies are also provided. Signals 
are transmitted on the 5 -Mc and 
10 -Mc frequencies continuously day 
and night. The time of transmis- 
sion of the other two frequencies 
are staggered so that at least three 
carrier frequencies are on the air 
at all times from 10 -kw transmit- 
ters. The 2.5 -Mc transmitter is on 
from 7:00 P. M. EWT (1300 to 
2300 GMT), and the 15 -Mc trans- 
mitter from 7:00 A. M. to 7:00 
P. M. EWT (1100 to 2300 GMT). 

Two standard audio frequencies, 
440 and 4,000 cps are broadcast on 
5, 10, and 15 Mc. Only the 440 -cycle 
signal is broadcast on 2.5 Mc. This 
is the standard musical pitch, A 
above middle C, while the 4,000 - 
cycle signal is a useful standard 
audio frequency for laboratory 
measurements. 

All the carrier frequencies in- 
clude a pulse of 0.005 -second dura- 
tion which occurs periodically at 
intervals of precisely one second. 
The pulse consists of five cycles, 
each of 0.001 -second duration, and 
is heard as a faint tick when listen- 
ing to the broadcast. It provides a 
useful standard of time interval for 
purposes of physical measurements 
and may be used as an accurate 
time signal. The pulse is omitted 
on the 59th second of every minute. 

The two audio frequencies are 
interrupted precisely on the hour 
and each five minutes thereafter; 
after an interval of precisely one 
minute they are resumed. This one - 
minute interval is provided in or- 
der to give the station announce- 
ment and to afford an interval for 
the checking of radio -frequency 
measurements free from the pres- 
ence of the audio frequencies. The 
announcement is the station call 
letters (WWV) in telegraphic code 
(dots and dashes), except at the 
hour and half hour when a detailed 
announcement is given by voice. 

The accuracy of all the f re- 
quencies, radio and audio, as trelns- 
mitted, is better than one part in 
10,000,000. Transmission effects in 
the medium (Doppler effect, etc.) 
may result in slight fluctuations in 
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. to keep fighting radios on the beam! 

Under pressure of war's demands for 
immense quantities of radio equip- 
ment for use on land, at seä and in 
the air, crystal grinding techniques 
have been revolutionized. 

More than 9,000,000 crystals have 
been produced for war by Western 
Electric to date. One of our shops 
now makes as many crystals in a day 

as the whole industry used to turn 
out in a year! And four such Western 
Electric shops are now working. 

In other phases of Western Elec- 
tric's war work, much the same thing 
has been happening. Radio receivers 
and transmitters of many types have 
been produced by the tens of thou- 
sands-mikes of all types totaling 

more than 600,000-over half a mil- 
lion headsets-vacuum tubes by the 
millions. 

As a natural result of Western 
Electric's years of leadership in tele- 
phone and radio work, this Company 
is today the nation's largest producer 
of electronic and communications 
equipment for War. 

To speed Victory, buy War Bonds regularly- all you can! 

5i.2. 
ANNIVERS4RY 

Western electric 
ARSENAL OF COMMUNICATIONS EQUIPMENT 
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Veaa 
RECOGNITION 

LIGHT SWITCH BOX 

SMALLER-STURDIER 
EASY TO INSTALL 
EASY TO REPLACE 

Constant production of Electrical Junction Box Assemblies to air- 
craft manufacturers' specifications has developed an awareness in 
our Engineering Department of opportunities to improve standard 
units. This results in the design and development of units such as 
the one pictured. 

This unit takes its place with our steadily growing schedule of pro- 
duction of Junction Box and Wiring Assemblies for Aircraft, all 
made by Unionair under our Single Responsibility. 

Junction Box Assemblies - Hydraulic Fittings 
Conduit Fittings - Junction Boxes 

UNION AIRCRAFT PRODUCTS CORP., NEW YORK 

the audio frequencies as received 
at a particular place; the average 
frequency received is however as 
accurate as that transmitted. The 
time interval marked by the pulse 
every second is accurate to 0.000001 
second. The 1 -minute, 4 -minute, 
and 5 -minute intervals, synchro- 
nized with the seconds pulses and 
marked by the beginning or ending 
of the periods when the audio fre- 
quencies are off, are accurate to a 
part in 10,000,000. 

The beginnings of the periods 
when the audio frequencies are off 
are so synchronized with the basic 
time service of the U. S. Naval Ob- 
servatory that they mark accu- 
rately the hour and the successive 
5 -minute periods. 

West Coast Electronic 
Manufacturers Association 
LEADING ELECTRONIC and compo- 
nent parts manufacturers located in 
the western states have formed an 
organization to be known as the 
West Coast Electronic Manufac- 
turers Association. The member- 
ship comprises more than sixty 
companies and the association has 
the full approval of the War Pro- 
duction Board and the U. S. Army 
Signal Corps. 

Participation of the members in 
such an association should assure 
full utilization of existing man- 
power and manufacturing facilities 
of the electronics industry in the 
West and clarify information of 
government rulings and regula- 
tions for the members. The group 
will also attempt to secure uniform 
consideration of problems concern- 
ing renegotiation and termination 
of contracts, selective service, wage 
stabilization and other matters . of 
mutual interest. 

Newspaper Ownership 
of Stations 
THE MUCH-DISCUSSED question of 
newspaper ownership of broadcast 
stations has been closed by the re- 
cent decision of the Federal Com- 
munications Commission not to 
adopt any general rule in the mat- 
ter. A summary of the evidence in 
the proceeding is being forwarded 
to the appropriate committees of 
the Senate and House of Repre- 
sentatives in order to inform them 
of the facts developed by the in - 
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(1430* CVE from Curly:) 

"Could I Borrow a Destroyer?" 

The first message from Curly, pilot of 

one of the Avengers, was received by the Escort Carrier 

at 1426-"Sub sighted." At 1427-"Attacking," and at 
1430-"Sub sinking. Send destroyer to pick lip survivors." 

* * * 

Words like these, brief but pungent, reveal our mastery 

over the prowling U-boat packs that once were our most 
feared enemies-a mastery that came about only after 

ships and planes were linked together into a single 
fighting unit. Linked by instantaneous Communication 
from ship to ship, ship to plane, and from pilot to crew. 

Into the sea -air -land communication systems of our 
fighting forces go many Rola products, Transformers, 
Coils, Headphones and other electronic parts. And into 
these Products go the knowledge and skill that Rola has 

acquired through a quarter of a century's leadership 
in the art of Sound Reproduction. THE ROLA COM- 

PANY, INC., 2530 Superior Avenue, Cleveland 14, Ohio. 

*2:30 PM 

Let's do more in forty-four! 

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT 
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Give Your Product the Safest 
Electrical Insulation by 

Specifying 

VARNISHES 

The modern LABORATORY CONTROL of the complete 
line of Pedigree varnishes is built on the foundation 
of experience. 

Since 1866, Pedigree electrical insulating varnishes 
have been the first choice of many of the world's most 

prominent electrical engineers. 

'7 e P. D. GEORGE CO. 
5200 North Second Street, St. Louis, Missouri 

Call In the Pedigree Varnish Man Nearest You 

NEW N0,85 
SHUTTER TYPE ASSEMBLY 

eAe' 
ee-e 

PILOT LIGHT ASSEMBLIES 

A LOCKING SLIP -FIT BEZEL is one of the big features of this new and 
better DRAKE Shutter Type Assembly. It permits instant lamp replacement 
from front of panel, without tools! Other improvements are complete, uniform 
illumination over entire surface of Jewel, and complete blackout with a quarter 
(90°) turn to right. Three fibre washers compensate for varying panel thick- 

nesses. This patented Drake Assembly is only one of the 
many standard and special types we make. As the world's 
largest exclusive manufacturer, quick deliveries in any 
quantities are assured. Is our latest catalog where you 
can reach it instantly? 

DRAKE MANUFACTURING CO. 
1713 WEST HUBBARD ST., CHICAGO 22, U.S.A. 

vestigation and for any considera- 
tion which they may desire to give 
the matter. 

Aside from the specific question 
of common ownership of newspa- 
pers and radio stations, the Com- 
mission recognizes the serious 
problem involved in the broader 
field of the control of the media of 
mass communications and the im- 
portance of avoiding monopoly of 
the avenues of communicating fact 
and opinion to the public. All the 
Commissioners agree to the gen- 
eral principle that diversification 
of control of such media is desir- 
able and do not desire to discour- 
age legally qualified persons from 
applying for licenses. They do de- 
sire to encourage the maximum 
number of qualified persons to en- 
ter the field of mass communica- 
tions, and to permit them to use all 
modern inventions and improve- 
ments in the art to insure good 
public service. 

In processing of individual appli- 
cations, the Commission will in- 
quire into and in its decisions give 
expression to "public interest" con- 
siderations. The Commission does 
not feel that it should deny a li- 
cense merely because the applicant 
is engaged or interested in a par- 
ticular type of business. However, 
it does not intend in granting li- 
censes in the public interest to per- 
mit concentration of control in the 
hands of the few. to the exclusion 
of the many who may be equally 
well qualified to render such public 
service as is required of a licensee. 

Television Course for 
NBC Engineers 
A 50 -WEEK COURSE of television in- 
struction for staff engineers has 
been inaugurated by the National 
Broadcasting Co. To make the 
program available to personnel as- 
signed to transmitters located out- 
side New York City, each weekly 
lesson will be scheduled three times 
at different hours of the day for 
each period. An enrollee is per- 
mitted to attend the class best 
suited to his free time. 

Each session will have one hour 
devoted to a lecture and an equal 
period to a forum. Members of the 
NBC television group who have 
had extensive experience in televi- 
sion will collaborate with the in- 
structor. Emphasis will be placed 
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SOLID 
MAGNET 

VOLUME PRODUCTION CAPACITY AVAILABLE 
Expanding production now enables G -M to accept a few volume 
contracts for meters conforming to the specifications outlined below. 

Early in the war G -M converted its civilian production of instruments 
to volume production of war meters. For one aircraft application 
alone G -M has supplied over 100,000 meters. 

Write or wire today for complete details concerning early deliveries 
on volume orders. 

SPECIFICATIONS 
1. General-Designed to conform to "American War Standards 

C 39.2-1944" for Electrical Indicating Instruments. 

2. Size -21/2", Round, Flush Mounting, Panel Type. 

3. Case-Standard case is of moulded bakelite. Available also in 
metal (brass) case. 

4. Solid alloy -steel magnet (not laminated). 

5. Range-Available from 0-200 micro -amperes to 0-10 amperes, 
or 0-1.0 volt to 0-200 volts. 

G -M LABORATORIES INC. ge WAR BONDS & STAMPS 

4313 NORTH KNOX AVENUE, CHICAGO 41, ILLINOIS 
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12000 Series 

Transmitting Condensers 
Rigid heavy channeled aluminum end- 
plates. Isolantite insulation, polished or 
plain plate edges. One piece rotor 
contact spring and connection lug. Com- 
pact, easy to mount with connector lugs 
in convenient locations "Designed for 
Application." 

Available in standard peak voltage 
ratings of 3000 and 6000. Single and 
split stator types. Capacities up to 150 
mmfd at 3000 volts. 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 

M 

on the overall functioning of tele- 
vision systems, circuits and equip- 
ment, supplemented by discussions 
of operating practices and maint^- 
nance problems. As far as possible, 
lectures will be devoted to the prac- 
tical engineering problems of tele- 
vision as they apply to operati3ns 
rather than to the intricacies of 
circuit design. 

Stevens Research Foundation 
A NONPROFIT CORPORATION to carry 
on scientific and industrial research 
has been organized in cooperation 
with Stevens Institute of Technol- 
ogy under the name of the Stevens 
Research Foundation. 

The Foundation is an outgrowth 
of the extensive program of re- 
search which Stevens has carried 
on in recent years and which has 
expanded greatly during the war. 
Several of its laboratories are now 
engaged in confidential research 
for Government departments to aid 
the war effort, and they have also 
helped industry to increase and im- 
prove production in both war and 
peace after the war ends. The 
Foundation will aim to help meet 
the new demands of the reconstruc- 
tion era including new products, 
n^w uses for old products, and new 
improved manufacturing processes. 

New Station Approval Setup 
A PROCEDURE that defines more 
clearly the fields of operation of the 
Federal Communications Commis- 
sion and the War Production 
Board in acting on applications for 
new or expanded facilities for 
broadcast stations has been an- 
nounced by both agencies. Under 
the new system the FCC will give 
an applicant a conditional grant, 
subject to WPB approval for con- 
struction or modification of facili- 
ties. A permit will be granted by 
FCC after these conditions are sat- 
isfied. 

The Radio and Radar Division 
of WPB pointed out that FCC pol- 
icy does not mean a relaxation of 
WPB policy, which is dictated by 
the need for conservation of man - 
rower, materials and manufactur- 
ing facilities of radio equipment 
and maintenance supplies. Since 
the requirements of the armed 
forces in 1944 are half again as 
large as in 1943, this large demand 

* Production men will fell 
you that these compact units 
meet the current widespread 
demand for greater adapta- 
bility without sacrificing elec- 
trical characteristics. Pro- 
duced by specialists in the 
wire wound resistor field, 
IN -RES -CO products include 
fixed and variable resistors, 
meter shunts, choke coils, 
solenoids, etc. 

If a special resistor is re- 
quired to meet a critical ap- 
plication, IN -RES -CO engi- 
neers will collaborate in 

solving the problem. Write 
today for illustrated litera- 
ture. 

TYPE WL, I watt, standard tol- 
erance 1%, maximum resistance: 
50,000 ohms, size 3/16" x I" 
long. Mounting by terminals, 
strap type, .015" thick by 1/16" 
wide tinned copper. Special ter- 
minals can be supplied at any 
angle desired. 

25 AMITY ST., LITTLE FALLS, M. J. 
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4 Ways to Use 

GENERAL PLATE LAMINATED SILVER 
For Improving Contact Performance and Reducing Cost 

4 
OAERLAY MATERIAL 

OYERLNY FABRICATED PARTS 

t 
DOUBLE INLAY MATERIAL 

DOUBLE INLAY FABRICATED PARTS 

The enormous advantage of Gen- 

eral Plate Laminated Contacts is that 

they give you solid silver performance 

at a fraction of the silver cost. Why 

. because General Plate permanent- 

ly bonds a thin layer of silver on a 

suitable inexpensive base metal, thus 

providing a silver contact face of high 

electrical conductivity at the point of 

actual contact. This eliminates cost- 

ly solid 
assuresv dependable 

er contact assemblies, 
elect yetelectrical 

performance. the 
In additionsstmakesthe silver 

lami- 

natingcon- 

EDGELAY...SINGLE & DOUBLE MATERIAL 

EDGELAY...SINGLE t DOUBLE FABRICATED PARTS 

SINGLE INLAY MATERIAL 

SINGLE INLAY FABRICATED PAUS 

tact surface harder, thereby assuring 

long contact life. The base 
and at 

etal adds 

strength and workability, and the 

same time makes spot welding r 

soldering more praillustrated, show 
fabri- 

cated assemblies, 
typical contacts made from General 

Plate Laminated Contact Metals. 

If you have a contact problem, in- 

vestigate General Plate Laminated 

Metals. They are available in sheet 

and stripe ready to be made into con- 

tacts ... or as complete fabricated as- 

sembliesation. rite 
ready for 

information and catalog. 
forcomplete 

protes 

GENERL PLATE DIVISION 
Metals & Controls Corporation 

ATTLEBORO, MASSACHUSETTS 

Metal; and Controls Corporation Divisions manufacture the following products: Laminated tT Solid Precious Metals Electrical Costacts 
Solid and Rolled Plated Precious Metals in all forms - Truflex ThermostatMetals. 
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PRECISION INJECTIOP NOLDINIî 

Skill 
Cr superior skill of American 
A. pilots is winning air battles on 
every fighting front. In the same 
sense, it's the superior skill and the 
long experience of Sinko Plastic 
Engineers which are responsible for 
the extraordinary success of so 
many intricate Sinko Injection 
Moldings. 

Sinko has been making better 
tools and dies for 25 years . . 

and better injection moldings ever 
since thermoplastics were intro- 
duced. Small wonder we've de- 
veloped superior methods and 
techniques, an unsurpassed knowl- 
edge of simple and intricate steel 
reinforced injection molding. Many 
peacetime products we've made 
have helped to capture coveted 
markets. Without obligation, discuss 
your post-war plans and products 
with a Sinko engineer NOW! 

SINKS TOOL d MANUFACTURIn COMPANY, 351 NO. CRAWFORD AVENUE, CHICAGO, ILLINOIS 
REPRISE19A2E9E5: t o MOORE, 4000 CHOUTTAU AVE. ST, IC 26, MO. POTTIR A DUGAN, INC. T9 ADLRE5ON ST, IUFFAIO. N.Y ARCH MASON, 259 CENTRAL AVE, ROCHESTER. N Y 

H O. AN,ERSON, 202 HERALD BLDG, SYRACUSE, N.Y.'Allt SEDER, 7279 CORTLAND AVE, CETRO'T MICH OUEISSER BROS. IO, EAST NINTH ST INDIANAPOLIS, IND 

JACK JK-48 

Interphone Equipment 
and Component Parts 

PLUG PL -58 

NOW IN PRODUCTION 
CD -318-A JK-48 PL -68 
CD -307-A PL -47 "A" Plug 
CD -874 PL -54 BC -366 
JK-26 PL -55 BC -347-C 

PE -86 SW -141 
1B-47 TD -3 

ILIVLAW KAJIAVNÛZA 
RADIO AND TELEVISION CORPORATION 
1030 W. VAN BUREN ST., CHICAGO 7, ILL. 

on the industry will not allow more 
than minimum essential production 
of additional equipment for new 
stations or the expansion of exist- 
ing stations. 

An applicant desiring further 
consideration of an application for 
radio facilities or change in facil- 
ities may submit a petition for re- 
instatement of such application to 
FCC within 60 days of January 
26, 1944, the date of issuance of 
the supplemental statement of pol- 
icy by FCC. The petition should be 
accompanied with amendments and 
supplemental information appropri- 
ate to any change in circum- 
stances. 

WPB said that FCC Order 107, 
which reduced the power used by 
radio stations, had been very ef- 
fective in reducing the replacement 
parts needed by stations without 
any noticeable impairment of serv- 
ice, and recommended to FCC that 
this order be kept in effect. 

WPB orders restrict radio con- 
struction in the following ways: 

1. General Limitation Order 
L-265 prohibits the transfer of 
electronic equipment from a sup- 
plier or manufacturer unless the 

RECORD DRIVE 

Thomas M. Kelleher, director of WOR 
recording studios, looks over the first 
batch of transcriptions to come in from 
other stations in answer to his appeal 
for return of old discs to manufacturers 

for salvage of much -needed vinylite 
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FROM A MODEST LABORATORY 

TO A MAJOR INDUSTRY 
THAT'S THE RECORD OF THE METAPLAST GUILD* 

IN FIVE SHORT YEARS 

Introduced five years ago and industrially -lauded today for its 

savings of precious metals, weight, machine work and man 
hours is the Metaplast Process for electro -depositing, on non- 
conductive surfaces, a smooth non -porous, adhesive metal 
coating in any desired thickness. 

THE METAPLAST GUILD is doing a 100jc War Job ... 
producing thousands of aeronautical and electronic parts and, 
of course, all to the Army and Navy ultimate - in - precision 
specifications ... such as only Metaplast can deliver. 

HOW YOU CAN APPLY THE METAPLAST PROCESS TO YOUR BUSINESS .. . 

MEMBER 

//ef,redaJt 
'4w/el 

1. Have a Metaplast Guild member in your vicinity metal 
plate your plastic parts and items for you. Present day war 
work or post-war planning are of equal interest to the Guild. 

2. Apply for membership in the Metaplast Guild . . . as a 
member you can Metaplate your own fabricated parts. 

Drop us a note, we'll have a Guild member call on you - or 
write for booklet "Metaplast Process and Licensee Plan". 

METAPLAST COMPANY 205 W. 19th St. * New York 11, N.Y. 

eJ,efccitcc5 
*METAPLAST GUILD ... Firms Licensed under Metaplast Process Patent numbers -2,214,646-2,303,871-U. S. and Foreign Patents 
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For accurate wafering, 
slabbing and barring 

of quartz 

FAST, free` 
action, long blade 
life, smooth sur- 
faces, accurate cuts, 
cool operation.Write 
for the DI -MET Rim - 
lock Folder for op- 
erating procedures. 

DI -MET Rimlocks 
slice all hard, brit- 
tle materials equal- 
ly as well as quartz. 
If you need to cut 
steatite or electrical 
porcelain, consult 
our engineering 
service. DI -MET Rim - 

locks are made in 
all even diameters 
from 4" to 24". 
Thicknesses are 

available from cut- 4 

off sizes to 1/2". 

i 

FELKER MANUFACTURING CO.. 
1116 Border Avenue, Torrance, Calif. 

Manufacturers of 
DIAMOND ABRASIVE WHEELS 

order bears a preference rating of 
A -1-A or better. A rating of AA -4 
or better is required for manufac- 
ture of such equipment. 

2. General Limitation Order L-41 
requires an authorization to start 
construction if the cost of construc- 
tion is over $200. 

3. Authorization must also be 
obtained from the Office of War 
Utilities to install power and tele- 
phone lines. 

4. Several other orders cover the 
transfer of materials, such as cop- 
per, even though they may be sur- 
plus stock. 

Transcriptions for Schools 
TRANSCRIPTIONS of a radio program 
devoted to explanations of scientific 
principles have been made avail- 
able for loan to high school classes 
throughout the nation. The record- 
ings were made of some thirty pro- 
grams selected from "Adventures 
in Research", a weekly radio fea- 
ture produced by Westinghouse Re- 
search Laboratories and now 
broadcast by 100 stations. 

The company received so many 
requests for transcriptions of the 
programs that it was decided to 
make them available through a 
central lending source. The discs 
are now supplied free of charge to 
the Federal Radio Education Com- 
mittees of the U. S. Office of Edu- 
cation, Wa,hington, D. C. and may 
be obtained by high schools from 
this agency at the present time. 
The FREC plans to set up 25 loan 
centers in various parts of the 
country for decentralized distribu- 
tion. 

WACS in Communications 
PRAISE for the WACS at work with 
the Signal Corps in North Africa 
comes from Brigadier General J. 
V. Matejka, Chief of the Personnel 
and Training Service of the Signal 
Corps and a recipient of the Legion 
of Merit for his recent services as 
Chief Signal Officer, Allied Forces 
Headquarters in North Africa. His 
opinion is reflected in official re- 
ports to the Chief Signal Officer 
and is generally shared by other 
Signal Corps officers recently re- 
turned from overseas. 

"Even in World War I", said 
General Matejka, "the Signal Corps 
recognized the special qualifica - 

FOR YOUR 
TIMING 

PROBLEMS 
DO LIKE 

THOUSANDS DO 

Whether your timing 
problem is for war pro- 
duction or for a post-war 
product, contact our Tim- 
ing Engineering Service 
Department. Learn how 
special self-starting mini- 
ature motors . . . syn- 
chronous on AC, as well 
as DC Timing Motors 
with speeds of 900 RPM 
DC -450 RPM AC-to 
as low as one revolution 
per month, can profit- 
ably be designed into 
your product as a pre- 
cision timing device or 
control insti ument. 

Haydon motors can 
have brakes for instant 
stop . . . are reversible 
and possess shift de- 
vices for automatic re- 
set. 

* 

Complete data describ- 
ing latest developments 
in the Timing Engineer- 
ing field is recorded in 
this new Haydon catalog 
...packed with 
vital facts on time 
engineering. 

* 

DC MOTOR 
Reversible - Coln - 

pact - light in 
weight-seven seg- 
ment commutator 
-low reactance 
rotor winding-al- 
nico magnet field- 
totally enclosed. 
Sealed -in lubrica- 
tion. 

AC MOTOR 
Available 450 RP 

REv . per 
month: manufac- 
turedcific tovoltage, your spe- 

fre- 
quency, speed and 
torque require- 
ments. The 110 volt, 
60 cyc le 1 -RPM 
units consume only 
2 watts, have 5 In. 
oz. starting and 
synchronous torque. 

d 

WRITE 

COPY 
FOR YOUR 

TODAY 

On 
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Thumb sc-ew holde 
down piste and actuates 

Micro Switch 

Exposed left side cf Model 75 
Bruning Printer showing location 
of Micro Swirls. A second Micro 
Switch is on tie riggt sic,. 

Charles Bruning Company Uses Two 

Micro Switches 
to Provide Utmost Protection 

to Operator of Bruning Printers 

The bask Micro Switch h a thumb -size, feather -light, plastic enclosed, precision, 
snap -action switch, Underwriters' listed and rated at 'I 200 V.A., et 125 to 460 
volts A. C. Capacity on 0. C. depends on load characteristics. Accurate repeat per- 
formance is experienced over millions of operations. Wide variety of basic 
switches and actuators meets requirements varying from high vibration resistance 
to sensitivity of operating force and motion as low as 2/1000 Oz. In. Many 
types of metdl housings are available. 

Charles Bruning Company of Chicago are the manufacturers of 
Bruning Printers and Developers, widely used by engineers and 
draftsmen in every branch of industry. Bruning Printers, which 
produce black and white prints, are compactly built to do a big 
job in small space. 
The thumb -size, feather -weight Micro Switch is a natural com- 
plement to such a design, and the Charles Bruning Company 
uses two Micro Switches to provide utmost protection to the 
operator. 
The two Micro Switches are located at each end of the Bruning 
Printer to make it impossible to remove the end plates, which. - 
shield the quartz lamp, while the lamp is still burning. This 
accomplished by so locating the thumb screws, which hold the 
end plates in place, that they cannot be turned without actu- 
ating the Micro Switch and automatically disconnecting the 
power from the quartz lamp. 
This use of Micro Switch by the Charles Bruning Company is 
typical of the varied applications in which this small, compact, 
precision switch is filling the needs of industry. Wherever space 
is at a premium, wherever small movement and small energy are 
vital factors in design-Micro Switch has come to be recognized 
as the one precision switch that will best meet all requirements. 
Micro Switches represent a distinct saving in engineering ex- 
pense over the cost of specially -designed switches. They insure 
a better product because they are absolutely dependable for mil- 
lions of accurate repeat operations. The basic Micro Switch is no 
larger than your thumb -11/16' x 27/32' x 1 15/16°. It weighs 
only an ounce. 
With Micro Switch it is just a matter of naming your require- 
ments. Micro Switch can meet them. It is available in over 2000 
different combinations of electrical characteristics, housings, 
and actuators. 
Does your design call for the unusual in precision switching? 
You can count on help from Micro Switch. Send for Micro 
Switch Handbook Catalog No. 60. For full information on air- 
craft design you should have Handbook Catalog No. 70, too. 'c all efte V uu14 e-« Call 
Micro Switch Corporation, Freeport, Illinois Branches: 43 East Ohio 
Street, Chicago (11) 11 Park Place, New York City (7) Sales and 

Engineering Offices: Boston Hartford Los Angeles 

The trademark MICRO SWITCH Is our property and identifies switches made by Micro Switch Corporation. ®1943 

MICRO SWITCH 
Made Only By Micro Switch Corporation ... Freeport,. Illinois, U.. S. A. 
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9oz Putectiac ,egaúrat 

MOISTURE and FUNGUS 

TUF -ON #74F 
BAKELITE RESIN VARNISH 

Approved Under Signal Corps Specification 

71-2202 
Admirably adapted for use on electrical 
and electronic equipment and compo- 
nents. Effective because of anti -fungus 
chemical content as well as extreme 
moisture resistance. May be applied by 
brush, spray or dip. Quick drying at 
room temperature. High dielectric 
strength. Send for data bulletin and 
price list. 

WIPE -ON CORPORATION, 105 HUDSON ST., NEW YORK 13, N. Y. 

is an expression used by orators past and 
present to emphasize some point of great 
importance. The simple word mark has a 
singular strength of precise meaning. In the 
language of modern industry the word mark 
has an equally great significance. 
Parts or containers properly marked move 
thru shipping and storage departments to' 
places of use without a hitch. Inventories are 
recorded and checked easily and accurately. 
Receiving and delivery records are complete 
and informative. On assembly lines putting 
part to part and parts in place is made as 

.MARKING 
(by MARKEM) 
means more 

k4 than you think 

simple as A -B -C through marking. Most 
material from paper to plastic. Almost any 
shape from a wire to a box with a wide range 
of surfaces being effectively handled. Mark- 
ing with Markem equipment and compounds 
means marking durably and accurately at 
automatic machine speed. 

Ask for Bulletin "Variable Marking" 
Give details of your marking requirements and 
send samples of articles to be marked. 

IDENTIFIES, INFORMS, 
INSTRUCTS, 

GUIDES ASSEMBLY, 

EXPEDITES MOVEMENT, 
FACILITATES INVENTORY 

MARKEM 
MAt 

tions of women for certain mili- 
tary duties and 225 American 
women who spoke French acquitted 
themselves with great credit in op- 
erating switchboards at large mili- 
tary toll centers and central offices 
in France. These women were 
placed where the local and long dis- 
tance traffic was heaviest, and they 
performed admirably. 

"Today a number of WACS are 
serving in North Africa as tele- 
phone operators, teletypewriter op- 
erators, clerks and in other capac- 
ities to the utmost satisfaction of 
commanding officers, many of 
whom are clamoring for more WAC 
personnel. 

"Of course, a large proportion of 
the young women who enlist in the 
WAC will see service at home. To- 
day a number of them are being 
trained to become radio and photo- 
graphic specialists, learning to re- 
pair and operate radio sets and to 
develop negatives and print pic- 
tures, while many are using their 
clerical skills to speed the communi- 
cations of the Army. 

"After observing the cool effi- 
ciency and splendid morale of our 
Signal Corps WACS in North Af- 
rica, I believe these fine soldiers 
are capable-if we had enough of 
them-of operating all our fixed 
telegraph and telephone communi- 
cations throughout the rear areas 
in the Mediterranean Theater." 

War Veteran Speaker 
A BATTLE -SCARRED LOUDSPEAKER, 

torn from its mountings by a Jap 
shell that hit the U.S.S. Boise when 
that cruiser sank six ships off the 
Solomon Islands, is still operating 
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'Micro -Processing" Makes Possible 
this New Design Concept for 

Better BRUSH SPRINGS 

COMPRESSED 

OLENGTH Of 
SPRING WITH 

NEW BRUSH 

OFORCE DESIRED 
ON COMMUTATOR 
WITH NEWQRUSII 

INSIDE NAM. Of 
BRUSH HOLDER 

Instrument Specialties engineers have de- 

vised a simplified design procedure for 

determining the best brush spring to do a 

specific job; based upon only four brush - 

holder design details: 
1- Inside diameter of brush holder. 
2- Working length of spring when 

assembled with a new brush. 

3 - Force desired on the commutator. 

4 - Allowance for brush wear. 

From these four details of your motor de- 

sign, I -S engineers will design the one best 

"Micro - processed" brush spring giving 

longest brush life consistent with easy 

assembly. 

"Making Beryllium Copper 
Behave" 
The story behind the develop- 
ment of mirra -processing. 

"Spiking A Rumor" 
The facts about the greatly in- 
creased supply of beryllium 
copper. 

"Predicting Spring Performance 
of Beryllium Copper Wire & 
Strip" 
Why beryllium copper varies in 
hardening response and what to 
do about it. 

ri 
lie exceptional physical and electrical proper- 

ties of beryllium copper, when Micro -processed, 

enable the designer of brush springs to establish 

new values of performance without increasing the 

cost of the springs. 

Micro -processing eliminates all of the guesswork 

by controlling and directing the inherent proper- 

ties of beryllium copper 

to achieve desired new 

standards of perform- 

ance in service. 

Whether you are inter- 

ested in the actual de- 

sign of better brush 

springs, or desire to 

improve the working efficiency of equipment and 

would like I -S to design your brush springs with 

you, contact us and compare on your own springs 

-for your own use-the decided difference that 

Micro -processing makes. 

Samples take about a week; quantity deliveries 

are shipped in 4 to 6 weeks. 

INSTRUMENT SPECIALTIES CO., INC. 
DEPT. D LITTLE F A L L S, NEW JERSEY 

FIELD ENGINEERING OFFICES: BOSTON CHICAGO CLEVELAND PHILADELPHIA NEW YORK 
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ARE YOU IN A HURRY FOR A GOOD 

-TEST INSTRUMENT? 

hd 

Use this Industrial 
Emergency Service on 

Maintaining a complete stock of 
Test Instruments has been one of 
the toughest jobs we've had. The 
demand has far exceeded the sup- 
ply. Yet, our Industrial Emergency 
Department has procured them a< 

if by magic ... saving many a vic- 
tory -vital job from prolonged de- 
lays. Saving time and trouble get- 
ting vital Radio and Electronic 
Supplies is a highly specialized 
business with us. Whether you 
need one or one hundred different 
items, you'll get ALL of them from 
this ONE big, reliable source faster 
than you ever thought possible con- 
sidering wartime scarcities. Send 
along your orders, or ask for big 
Reference Book & Buyer's Guide 
on company letterhead, please! 

WALKER-JIMIESON, INC. 
311 S.WESTERN AVE., CHICAGO 12, ILL_ 

Phone CANaI 2525 

and serving the war effort at the 
RCA Victor plant in Indianapolis 
where it was made. Called "Bat- 
tling Benny" by plant employees, 
the speaker is now mounted on a 
display panel with photos of the 
cruiser and used for inspirational 
announcements. Standing at the 
panel is Franklin Bowman, 24, who 
served three years on the Boise and 
is now employed at the plant. 

Dry Cell Production 
AN INCREASE of 57 percent in pro- 
duction of radio type dry cells dur- 
ing 1943 over the amount produced 
in 1940 is indicated by a report 
from the War Production Board. 
The total production of all types of 
dry cell batteries, including those 
for the armed forces, averaged 
about 35 percent above the 1940 
rate during the first nine months 
of 1943. 

Quarterly reports on production 
and shipments of each of the vari- 
ous types of dry cell batteries are 
to be made available by WPB in 
line with its new policy of supply- 
ing more statistical data for en- 
gineers and business men. 

The figures on production and 
shipments of radio types in thou- 
sands of cells are given in the fol- 
lowing table. This has been com- 
piled from data supplied by nine 
companies manufacturing radio 
batteries. Data on other types of 
cells may be obtained from Bureau 
of the Census, Washington 25, D. C. 

Production 
(thousands of cells) 

1940 
Total 480,438 
Quarterly average 120,110 

1943 
First quarter 209,773 
Second quarter... 170,815 
Third quarter 185,660 

Shipments 
(thousands of cells) 

1943 
First quarter 205,086 
Second quarter 176,254 
Third quarter. 185,079 

F -M Network Programs 
To STIMULATE THE PROGRESS of f -m 
broadcasting, NBC plans to make 
its network programs available to 
the f -m stations operated by the 
NBC standard -band affiliated sta- 
tions. This will permit listeners to 
hear network programs regardless 

I 

k 

i 
. E 

// 

amdóeyend 
You can count on 

Wincharger Anten- 
na Towers. They 
combine strong effi- 
cient coverage with 
built to last quali- 
ties that insure you 
years of service. 

Add to these ad- 
vantages their strik- 
ingly attractive ap- 
pearance plus a sen- 
sationally low initial 
cost and it's easy to 
see why an ever in- 
creasing number of 
Wincharger Anten- 
na Towers are being 
used for: 
Commercial Broadcasting 

Police Work 
Signal Corps Air Lines 

Ordnance Plants 
To be sure for years ahead 
-be sure to specify Win - 

charger Antenna Towers. 

Makers of 
/NCNARfR 

Ia RM ELECTRIC 
SVSTtMS 

ineo or 
RAMoroRs 

/NCH GE'R 

VERTICAL 
RADIATORS 

WINCHARGERVERTICAL RADIATOR 

WINCNARGER CORPORATION SIOUX CITY. IOWA 
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ekto- 
N 

VITREOUS 
CERAMIC 

KOVAR 
FLANGE 

KOVAR 
ELECTRODES 

GLASS 

FUSED 

HERMETIC 

SEAL 

SOLDER, WELD 
OR BRAZE TO CAN 

HERMETIC transformer or capacitor seals of Kovar and glass 
may be made in a wide size range and with single or multiple electrodes. 
Electrodes may be solid or tubular. 

The design illustrated uses a vitreous glazed ceramic top, clean and 
neat in appearance. The vitreous ceramic may be numbered, permitting 
quick, easy identification of each electrode. 

The seal between Kovar and glass is a chemical bond 
oxide of Kovar is dissolved into the glass during a heating 
result, a hermetic seal-permanently vacuum and pressure 
tight, effective under the most extreme climatic conditions 
-tropical to stratosphere. 

Kovar IS the answer to permanent vacuum or pres- 
sure tight sealing. Let Stupakoff help engineer YOUR 
hermetic sealing problems with Kovar. 

S INC E 18 9 7 

in which the 
process. The 

"for great 
achievement" 

Use KOVAR 
for sealing 
ELECTRONIC TUBES 
TRANSFORMERS 
RESISTORS 
CAPACITORS 
CONDENSERS 
VIBRATORS 
SWITCHES 
RELAYS, ETC. 
INSTRUMENTS 
GAUGES 
METERS 
RECEIVERS 
TRANSMITTERS 

Let's All Back The Attack 
BUY WAR BONDS 

ri 

f-._ 
7 

f 

Peddeaed Ake tle 2UaePd aj Seeu/to4tico 
STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE,. PA.: .__ ., 
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One Reason For STAR'S Leadership 
in the Production of STEATITE 

One of the Largest Steatite Hydraulic Extruders in the U. S. 

This extruding press, with hydraulic and electrical ac- 
cessories, produces ceramic pieces which are extensively 
used in electronic devices. Pieces up to 6" in diameter, 
solid or hollow in section, can be extruded on it. STAR 
STEATITE meets government specifications for "Grade G" 
Ceramics. 

THE 

STAR PORCELAIN CO. 
ELECTRONICS DEPT. 

TRENTON, N. J. 

GLENN - 

ROBERTS 
Oil Type 

CAPACITORS 
Glenn -Roberts oil type capacitors are hermetically sealed 
units utilizing impregnated paper dielectric; impregnating 
material used is acknowledged by the industry to be unsur- 
passed in every performance characteristic. 
The wide range of types, sizes, capacities and working 
voltages now available for every application where capaci- 
tance is required means that the most satisfactory solution to 
your capacitor problem may well be waiting for you here at 
Glenn -Roberts. A letter or wire to our Electronics Division 
(headed by one of America's foremost pioneer capacitor en- 
gineers) will bring full details promptly. 

Export Agents: FRAZAR & HANSEN 
301 Clay Street, San Francisco, California, U. S. A. 

ELECTRONICS DIVISION 

GLENN -ROBERTS COMPANY 
1009 FRUITVALE AVENUE 2107 ADAMS STREET 

OAKLAND, CALIFORNIA INDIANAPOLIS, INDIANA 

of whether a standard band re- 
ceiver or an f -m receiver is used. 

The plan would operate by using 
either improved telephone circuits, 
covering a broader range of fre- 
quencies than is now being used, or 
by an automatic relay system, cap- 
able of transmitting f -m programs 
from point to point with high fidel- 
ity when such facilities become 
available. 

As pointed out by Niles Tram- 
mell, president of NBC, as the size 
of the national f -m audience in- 
creases, the number of f -m stations 
across the country should be suffi- 
cient to permit the organization of 
several new national networks of 
f -m stations. The present alloca- 
tion of the radio spectrum will, for 
all practical purposes, provide as 
many broadcasting frequencies as 
there will be broadcasters to use 
them. The number of such stations, 
he added, will probably be limited 
by economic considerations. 

SMPE Meeting 
THE 55TH SEMI-ANNUAL technical 
conference of the Society of Motion 
Picture Engineers will be held at 
the Hotel Pennsylvania, New York, 
April 17-19. Technical sessions, fol- 
lowing a general business session 
opening the conference, are sched- 
uled to be held throughout the 
three-day meeting. Special ses- 
sions will be held in the evening. 
Papers so far submitted indicate 
the conference will cover new war 
developments in the engineering 
field. 

Record U -Boat Attack 
THE FIRST RECORDING of an actual 
attack at sea against a German U- 
boat was broadcast to radio listen- 
ers over the Blue Network on the 
evening of January 28. The voices 
of pilots of Grumman TBF Avenger 
dive bomber planes, the skipper of 
a destroyer and the commanding 
officer of an escort carrier were 
heard during the combined surface - 
air attack on the U-boat. 

Conclusive evidence of a "kill" 
was not obtained, since the subma- 
rine submerged after being sighted 
by the pi -me. The recording was 
made on a second aircraft carrier 
which was at some distance from 
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RCP TUBE AND SET TESTER MODEL 804 
Model 804 is a complete Tube, Battery and Set Tester for direct 
testing of a' :I circuits, old and new types of receiving tubes, 
rectifiers, etc. 

It provides complete leakage test under rated voltages for electro- 
lytic condensers, regular resistance test for electrostatic condensers 
at high voltage, also complete battery tester for all popular sizes 
and types, giving true rendition under rated load with reading 
scales - "Good", "Bad". 

Low -range ohmmeter is back-up low -drain type. Medium -range 
ohmmeter is powered by plug-in line supply. High -range ohm- 
meter operates on self-contained batteries. 

FEATURES: Famous Dynoptimum test circuit; Plate Voltages 
and plate loads as specified by R.M.A. * Double Line Fuses. 
* Tests all tubes - including all acorn types; All ballast tubes. 
* Tests all filament voltages. * Tests condenser leakage. * Tests 

separate sections of multi -purpose tubes. * Hot inter -element short 
and leak tests between individual elements. * Separate test for 
noise, hum, and intermittents. * Latest type built-in "Rolindex" 
mechanical roller tube chart. 

RANGES: D.C. voltmeter: 0 - 2.5 - 10 - 50 - 250 - 1,000 - 5,000 
volts. A.C. voltmeter: 0 - 10 - 50 - 250 - 1,000 - 5,000 volts. 
D.C. milliammeter: 0 - 1 - 10 - 100 - 1,000 milliamperes. D.C. 
ammeter: 0 - 10 amperes. Ohmmeter: 0 - 250 - 2,500 - 25,000 - 
2.5 megohms - 25 megohms. Decibel meter: -8 to 15 - 15 to 29 
- 29 to 49 -32 to 55 Decibels. 

MODEL 804 - supplied with high voltage test leads, in sturdy 
wood case with removable cover. 141/2" x 13" x 6". Weight 121/4 

lbs. Code; WARET. 

Complete, ready for operation on 105-135 volts, 50-60 cycles $841 
For operation on 210-270 volts, 50-60 cycles, Code-WASEL S8$1 

For details of Model 804 and other RCP instruments, send for Catalogue 128. Our engineers will gladly advise on unusual test problems. 

REASONABLE DELIVERIES ARE NOW BEING SCHEDULED 

RADIO CITY PRODUCTS COMPANY, INC. 
127 WEST 26th STREET NEW YORK CITY 1, N.Y. 

MANUFACTURIERS OF PRECISION ELECTRONIC LIMIT BRIDGES - VACUUM TUBE VOLTMETERS - VOLT-OHM-MILLIAMMETERS - SIGNAL 

GENERATORS - ANALYZER UNITS - TUBE TESTERS - MULTI -TESTERS - OSCILLOSCOPES - AND SPECIAL INSTRUMENTS BUILT TO SPECIFICATIONS 
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ßepend on 

ADEC 
FOR YOUR POST-WAR 

PRECISION PARTS 
AND ASSEMBLIES 

Adeco offers you a depend- 
able source of supply with 
the know-how, experience 
and complete facilities for 
all types of close -tolerance 
production. It will pay you 
to include Adeco fabrica- 
tion in your post-war 
plans. 

AIRCRAFT & DIESEL 

EQUIPMENT CORPORATION 

4401 North Ravenswood Avenue 

CHICAGO 40, ILLINOIS 

"Your Partners in Production" 

Officers aboard an escort carrier make 
a transcription of ship -to -plane conver- 
sations by holding the recorder micro- 

phone near the 'talker' 

the scene of operations. Radio 
transmissions from the carrier in- 
volved in the action, from the des- 
troyer and from the plane, were 
picked up by the second carrier and 
recorded for later broadcasting. 
None of the men in the battle area 
knew that their conversations were 
being recorded. 

Television Broadcasters 
Form Association 
ALLEN B. DUMONT, president of 
Allen B. DuMont Laboratories, Inc., 
has been elected president of the 
newly formed Television Broad- 
casters Association, Inc., at a meet- 
ing of the organization committee 
in New York. 

Other officers elected were: Lewis 
Allen Weiss, Don Lee Network, 
vice-president; Jack Poppele, WOR, 
New York, assistant secretary - 
treasurer. 

Directors elected for three years 
are O. B. Hanson, NBC; E. A. 
Hayes, Hughes Tool Co., and Paul 
Raibourn, Paramount Pictures. Di- 
rectors for two years are Worth- 
ington Miner, CBS; Robert L. Gib- 
son, G -E, and Lewis Allen Weiss, 
Don Lee Network; and for one 
year, F. J. Bingley, Philco; Allen 
B. DuMont, and E. W. Mason of 
Earle C. Anthony, Inc. 

The following committees were 
organized: 

Membership, to consist of the en- 
tire board of directors, with the 

AIR -WAY 

offers 
immediate 

OPEN FACILITIES 
... for precision manufacture of 
FRACTIONAL HORSEPOWER MO- 
TORS (up to 1/2 H. P.), INVERTERS, 
DYNAMOTORS and single, two and 
three commutator armatures. 

23 YEARS EXPERIENCE 
Now rendering intensive service 
to aircraft, radio, and other war 
industries. 

For immediate action, wire, 
write or phone Harold E. Nelson, 
Technical Executive. 

AIR -WAY ELECTRIC APPLIANCE CORP. 
2101 Auburn Avenue 

Toledo, Ohio 

ti 

Terminals large, rotating 
stock ... its able staff of experi- 
enced men ... its thorough know- 

ledge of production problems . - . 
all add up to an ability to FILL, as 

well as take, priority orders - on 

schedule. 

For complete catalog listing all lines, 

write-and for all 

electronic supplies 

turn to - 

TERMINAL 

RADIO CORP. K 
r 

g T t R 

IS CORTLANOT ST. 

NEW YORK 1, N. Y. 

r.e..: WOilnt.,11s 

NA 
TERME 

CORPORATION 
e..+ 

TIO 
RADIO 
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The had ru cadi gee .. . 
The potential power of that volcano 
lies in the part you can't see, the lava 
that lurks deep in the crater. 

Likewise the rubber "snake" that 
makes the variable pitch propeller 

possible is a little part you can't see, an oil seal 
made by Johnson Rubber. 

Molded to a thousandth of an inch tolerance, it is 
a precision part in rubber, compounded to meet 
specifications that call for lively resilience under 
terrific extremes of temperature and a pressure of 
more than 800 pounds per square inch. 

Thousands of such small parts make the efficient, 
unbeatable operation of America's war machines 
possible ... all Johnson Rubber production today 
is for Uncle Sam. 

There will come a day, though, when we all have 

Since 1895 

to think about transferring the boys' names from 
the honor roll to the pay roll, and getting back to 
our regular job of supplying a peacetime market. 
To meet that great day with a minimum of time 
waste is important to the boys coming back .. . 

and important to you. 

Lay your plans now. Let us help you. Johnson engi- 
neers and designers can help you solve problems 
in your post war products ... and come up with the 
right answers in the right kind of rubber in the 
specific part you need .. . 

and this precision in rubber 
perfected in wartime will 
serve you well in peacetime. 

We will be ready to supply you when 
the time comes . . . but the time to 
think about i1 and plan ahead is now 

... not then. 

Make Rubber Stocks 

STRETCH 
They are a war- 
time weapon! 

The OHNSON RUBBER CO.. Middlefield, Ohio 
MOLDED & EXTRUDED RUBBER PARTS FOR INDUSTRY'S VITAL ASSEMBLIES 

Indispensable in War-Essential in Peace 
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CRYSTAL HOLDERS... 

i n,: taBF 
YI 

* Bakelite Case and Cover 
* Improved, slotted groove - 

* Neoprene Gasket, positive 
seal ... waterproof 

* Phosphorus bronze contact 
plates 

* Better electrical characteris- 
tics 

* Easier to assemble 
* Designed to conserve 

precious metals 
for samples and prices prompt 

on quantity orders. 

I 

CORPORATION 

c327 GUILFORD AVENUE, INDIANAPOLIS 5, INDIANA 

PLASTIC BRANDING }by ROGAN 
PLASTIC MOLDING 
While molding and branding plastics that 
serve on all battle fronts, Rogan is also pre- 
paring for the peace that will follow. Pre- 
paring to meet the demand from peacetime 
industry for the many NEW applications of 

plastics. And, when Peace does come, get 
Rogan facts on how you can get faster pro- 
duction of plastic parts at less cost. 

Write now about your present War plastics 
and future Peace products. 

ROGAN BROTHERS 
2003 South Michigan Avenue Chicago, Illinois 

actual carrying out of the work of 
the committee to be under the di- 
rection of Jack Poppele as assis- 
tant secretary. 

Publicity, with Robert L. Gibson 
as chairman. He is assistant to 
the manager of G -E broadcasting 
and publicity activities and in 
charge of the company's television 
station. 

Engineering committee, with F. 
J. Bingley of Philco as chairman. 

Program committee, whose prov- 
ince will be to study, develop and 
improve programs and technical 
equipment for better programs, 
W. C. Miner of CBS, chairman. 

Post-war planning committee, to 
study the effect of television on po- 
tential employment and its use as 
a public service medium for enter- 
tainment and educational purposes, 
Paul Raibourn of Paramount, 
chairman. 

The organization expects.to form 
a television manufacturers' com- 
mittee from among its associate 
members to resolve and integrate 
television manufacturing problems 
with broadcasting problems. 

On invitation of the Radio Tech- 
nical Planning Board, the organ- 
ization voted to join the RTPB as a 
sponsoring member. 

EVACUATING TUBES 

More than a dozen heating, baking 
and pumping operations are under- 
gone by vacuum tubes during a 20 - 
minute trip around this automatic ex- 
haustion machine. Westinghouse engi- 
neers report that only one out of every 
1.520,000 molecules of air or gas, pres- 
ent in the tube before exhaustion, 
remains when the tube is finally sealed 
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WH4T WAS THAT THA T JUST 
WEN T SY? NOT A FO URÁGENEgA L 

8UTANOTHERL»/ u LOAD OF 

WAR EQUIPMENT THAT WAS PUT 

9.7,0L, /fr'IN RECORD T/MTOGETHER 

SINCE »» THAT FAST -DRIVING 

RECESSED HEAD 

SCREW , CAME 

ON THE JOB..... 
,Ts P1IILLIP$Y N N 

Sure - the news is swell! But 
the war isn't over yet. The heat's 
still on - and production speed 
is as vital as ever. 

One of the surest ways to get 
more speed in your assembly 
operations is to put Phillips Re- 
cessed Head Screws in the hands 
of your workers. Hundreds of 
plants all over the country have 
standardized on the Phillips 
screw - and the results have been 
spectacular. Driving speed has 

often been doubled. Vital man 
hours have been saved. Produc- 
tion has been greatly increased - thanks to :he Phillips Recess 
which makes power or spiral 
driving practical. 

Some advantages of Phillips Re- 
cessed Head Screws are listed here. 
Check them against slotted head 
screws - or any other type you 
may be using. You'll quickly see 
why it costs less to use screws 
with the Phillips Recessed Head. 

PHI LLI PSRitSCREWS 
WOOD SCREWS . MACHINE SCREWS SELF -TAPPING SCREWS STOVE BOLTS 

TO MAKE WARTIME 

QUOTAS AND 

PEACETIME PROFITS 

Fc ate- Starting: Driver point 
attomatically centers in the 
Yillíps R.eces.: .. fits snugly. 
Ftrnbling, wobbly starts, slant 
drivirg are eliminated. Work 
is made trot_ble-proof for 
green hands. 
Fteser Drívine Spiral and 
pc -wet driving are made prac- 
riQ. Driver won't slip from 
recess to spoil material or in- 
jure worker. Average time 
sating is 50%.) 
Ea.ierDriving: Turning power 
is fully utilieed. Workers 
mdntc in speed without tiring. 
Better Festenirg: Screws are 
setup uniformly tight, with- 
ou- burring cc breaking of 
screw heads. The job is 
stronger, and tte ornamental. 
toss adds to appearance. 

IDENTIFY IT! 

Center corners of 
Phillips Recess ore 
rounded , 

I 

NOT square. 

Bottom of Phillips 
Recess is nearly 
flat.. 

NOT tapered to e 
sharp point. J 

Amrncan Screw Co., Providente, R. I. 
The Bristol Co Waterbury, Conn. 
Central Screw Co., Chieaoo, Ill. 
Chandler Products Corp.. Cleveland. Ohio 
Continental Strew Co., New Bedford. Mass. 
The Corbin Screw Corp., New Britain, Conn. 
General Strew Mtf. Co.. Chinapo, Ill. 

The H. M. Harper Co., Chltago, ell. 

International Screw Co.. Detroit, Mich. 
The Lamson 4 Sessions Co., Cleveland, Oh o 

Millard Rivet and Machine Co.. Milford. Coon. 
The National Screw 4 Mfg. Co., Cleveland Onía 
New England Screw Co., Keene, N. H. 
The Charles Parker Co Meriden, Conn. 
Patter -Kalov Corp., New York, N. Y. 
Pawtucket Screw Co., Pawtucket, R. t, 

P tool Ma-utaetaring Co., Chicago, Ill, 
Rad'nt Serest îo.. Norristown, Pa. 
R isseil Bordss 11=4 Ward Bolt 4 Nut Co., Port Chester, N: Y, 
Snaill 'Smarm -ring Co., Waterville, Conn. 
Statepraof Inc, Chicago. III. 
Tie Eouthingtrn=Hardware Mfg. Co., Southington, Conn, 
Whitney Screw Corp., Nashua, N. H. 
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PLASTIC 
NAME PLATES 

Printed Screened Engraved 

Laminated Plain and Fluorescent 

Send for our booklet 
showing many other appli- 
cations precision made in 

plastics by Felsenthal. 

*. \ 7144 

Also Dials. Crystals. Computers and other items to specifications 

G. FELSENTHAL & SONS 
Manufacturers Since 1899 

4122 WEST GRAND AVENUE CHICAGO 51, ILLINOIS 

PERMANENT 1VIA6NETS 

THE Arnold Engineering Company is 

thoroughly experienced in the production 
of all ALNICO types of permanent magnets 
including ALNICO V. All magnets are com- 
pletely manufactured in our own plant 
under close metallurgical, mechanical and 
magnetic control. 

THE: ARNOLD ENGINEERING COMPANY 
147 EAST ONTARIO STREET, CHICAGO 11. ILLINOIS 

BELL SOUND SYSTEMS, INC., 
Columbus, Ohio 

ELECTRONIC ENTERPRISES, INC., 
Newark, N. J. 

HOLTZER-CABOT ELECTRIC Co., 
Boston Plant, 
Boston, Mass. 

KEN -RAD TUBE & LAMP CORP. 

Owensboro Plant e 

Owensboro, Ky. 
SQUARE D. Co., 

Kollsman Instrument Div., 
Elmhurst, L. I., N. Y. 

SYLVANIA ELECTRIC PRODUCTS, INC. 
Montoursville Plant 
Williamsport, Pa. 

TENNESSEE EASTMAN CORP., 
Kingsport, Tenn. 

UTAH RADIO PRODUCTS Co. 
Chicago, Ill. 

ELECTRONIC TUBES handled 
about ten percent of all electrical 
energy generated by any source in 
the United States during 1943, ac- 
cording to the New York Wall 
Street Journal in a recent article 
reviewing the use of vacuum tubes 
in industry. 

IN THE PROCESS of printing 
E. H. Bartelink's article entitled 
"Wide -Band Oscilloscope," appear- 
ing in the February issue, the fol- 
lowing sentence was inadvertently 
omitted and originally concluded 
the text on page 125: "The author 
wishes to thank Mr. C. Perleberg 
for his help with the special trans- 
former and shielding problems, and 
Mr. R. L. Watters and Mr. S. Sebis 
for their many suggestions and 
their help in the development, con- 
struction and testing of the instru- 
ment. 
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USE VARIACS* 
for Efficient 
Voltage Control 

Hundreds of thousands of Variacs are used to 
control motor speed, heat, light and power, 
and to compensate for under -voltage or over - 
voltage lines. 

Variacs have LOW LOSSES 
GOOD REGULATION 

SMALL SIZE 
LINEAR VOLTAGE ADJUSTMENT 

These features, plus General Radio quality con- 
struction are the reasons for the wide acceptance 
of the Variac wherever variable a -c voltage is re- 
quired. 
Variacs are more efficient, more economical, and 
more convenient to use than resistive controls. 

The Variac is an autotransformer with a 
toroidally shaped winding. As the control 
dial is rotated, a carbon brush traverses 
the winding, turn by turn. The brush posi- 
tion at any setting determines the output 
voltage, which is read directly from the 
dial. 

Bulletin No. 859 describes current models 
of the Variac. Write for your copy today. 

Variacs are available for 60 -cycle service in 9 models rang- 
ing from 170 va to 7 kva. They can be assembled in gangs 
for 3 -phase operation in power ratings up to 25 kva for line 
voltages up to 460. 

GENERAL RADIO COMPANY Camrid=: 39, Massachusetts 
IIEW ')RI CHICAGO LOS ANGELES 

*The name Varice is a registered trade mark of the General Radio Company. The Variac is manufac- 
tured and sold under U. S. Patent No. 2,009,013. 
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MULTIPLE UTILITY 

MULTIPLE utility is one of the many 
outstanding features that makes General 
Electric ELECTRONIC MEASURING INSTRU- 
MENTS practically pay for themselves in 
added service. Designed in the famous 
G -E electronics laboratories, this new 
line offers a wide choice of compact 
apparatus, for service, maintenance 
and research. 

G -E unimeters, capacitometers, audio 
oscillators, wide band oscilloscopes, 
square wave generators, signal genera- 
tors, power supply units-all give you 
dependable service in measuring 
electronic circuits and component parts. 

While these sturdy, shock -resistant 
units are now in production chiefly for 
the Armed Forces, they may be pur- 
chased on a priority if you are engaged 
in war work. After victory, of course, 
the complete line will be available to 
everybody. . General Electric, 
Schenectady, New York. 

We invite your inquiry for G -E elec- 
tronic measuring equipment made 
to meet your specific requirements. 

ELECTRONICS 
DEPARTMENT 
GENERAL ELECTRIC CO. 
Schenectady, N. Y. 
Please send, without obligation to me, 
the General Electric Testing Instru- 
ment Catalog, E-3 (loose-leaf), for my 
information and files. 
Name 
Company 
Address 

GENERAL ELECTRIC 
177-C3 

Electronic Measuring Instruments 

Gamma Ray 
Measurements 

(Continued from page 233) 

upsets the thermal condition in 
the section. 

By using heavily -doped cement, 
squeezed cement is easily located 
by gamma -ray measurements. Fig- 
ure 5 shows two gamma -ray curves 
made in the same well, in which 
radioactive cement was squeezed 
through perforations about 5525 
feet down. The shaded portion of 
the curve indicates the zone in 
which the column of cement 
squeezed out behind the pipe. In 
this job, the cement travelled a 
fairly large distance, about 70 
feet, up the outside of the pipe. 

Squeeze jobs are usually used in 
sealing off objectionable water and 
gas sands from the producing sand 
and thus it is quite important at 
times to know the disposition of 
the cement. 

In conclusion, it may be said the 
recent techniques of electronics 
and nuclear physics have given the 
oil industry a much needed tool 
for exploring cased wells. At pres- 
ent, it would appear that f orma- 
tion logging is the principal ap- 
plication of the gamma -ray method. 
However, as to tracer measure- 
ments, the technique is not lim- 
ited to cementing operations but 
is applicable to the location of any 
extraneous material introduced 
into a well, particularly to the lo- 
cation of markers for future opera- 
tions in the well. 

REFERENCES 
(1) Schlumberger, C. and M., and Leonar- 

don, E. G., Trans. A.I.M.E., 110. 
p. 237, 1934. 

(2) Howell, L. G., and Frosch, A., Geo- 
physics, 4, (2), p. 106, 1939. 

(3) Howell, L. G.. and Frosch. A., A.IM.E. 
Tech. Pub. No. 1113, 1939. 

"A LITTLE CHEMISTRY, physics 
or physiology has no value at all in 
ordinary life. I have never once 
found . . . where such scientific 
knowledge as I possess . . . has 
brought me the slightest advantage 
... When our cars break down, we 
take them to a garage; when our 
stomach is out of order we go to a 
doctor. We live either by rule of 
thumb or on other people's profes- 
sional knowledge."-G. H. Hardy, 
A Mathematician's Apology. 

MOTOR CATALOG 
Shows, describes, gives dimen- 
sions and output of small motors 
from I 3000 h.p. to 1/3 h.p.- 
plain and back -geared motors, 
for A.C., D.C., or Universal 
operation-dependable, efficient 
and economical S p e e d W a y 

Motors embodying the "know 
how" developed through more 
than 30 years of specialization 
in small motors-the "know how" 
that has answered so many war 
problems for all branches of the 
service. 

If you use small motors, write 
for this new catalog today. If 
you have small motor problems, 
send in your specifications for 
SpeedWay's recommendations. 

SPEEDWAI MANUFACTUCING CD., 1838 S. 52nd Are., ca Ns, ILLINOIS 

Warti mr Srrvi cr 
Zt6 w! a 

The country's largest exclu- 
sive wholesale distributor 
of radio and electronic 
parts offers you the benefit 
of its well -trained organiza- 
tion, long experience and 
exceptional factory connec 
lions, in filling your PRIOR- 
ITY requirements. 

Try Dalis - write, 
wire or 'phone .. . 

H. L. DA LIS, INc. 
Distributors of 

RADIO G ELECTRONIC SUPPLIES 

17 Union Square o New York, N.Y. 

Phone ALgonquin 4-8112-3-4-5-6-7 

SE CE 

286 
March 1944 - ELECTRONICS 

www.americanradiohistory.com



isite(tIonic 

(tnd 
(Oß 

ovy 

--: 

i t qt 0 

.. 

s 

DeSgAS 
for100orro 

,. 

sNoutD 
et. 

ptixNrie° 

ROCKBESTOS MULTI -CONDUCTOR FIRE - 
WALL INSTRUMENT CABLE 

USE ROCKBESTOS 
PERMANENTLY INSULATED 
Wires, Cables and Cords for 

Trouble -Free Wire Performance 
Today, many nlanufact nrers are blue -printing de- 

signs for future electronic and communications equip- 
ment. It is during these development and experimental 
stages that you should wire -plan your equipment. By 
selecting the proper wire, cable or cord for the particular 
job, you will eliminate possible wire -failures later. 

Whatever type of equipment you are planning for 
tomorrow, investigate permanently insulated Rockbestos 
wires. All of them, whether standard or special, are in- 
sulated to resist heat, flame, cold, moisture, oil, grease 
and alkalies. Each and every one will give trouble -free, 
dependable service under severe operating conditions. 
One of the 122 standard constructions will probably 
meet your particular requirements. And if not, Rock- 
bestos Research will develop a wire to fit your needs, 
such as the special 3 conductor instrument cable and the 
14 conductor radio hookup cable illustrated. 

Consult Rockbestos Research on your wire problems. 
They'll help you select the right wire for the right job. 
Write the nearest branch office or: 

ROCKBESTOS PRODUCTS CORPORATION 
409 Nicoll Street, New Haven 4, Connecticut 

This unusually small diameter, light weight, 
high -dielectric N». eti AWG three conductor 
cable was designed for an electronic device in 
which three No. L! A',\ -G single conductor air- 
craft circuit wirer previously used had proved too 
bulky. It is made to a nominal diameter of .125" 
(smaller than a No. 14 AWG single conductor 1000 
Rockbestos Firewall Radio Hookup Wire). 

volt 

77...Si - 

SHIELDED ROCKBESTOS FIREWALL RADIO HOOKUP WIRE 

Sices X. 2e to No. 4 AWG stranded tinned copper conductors 
i usuln ted with synthetic tapes and felted asbestos, covered with 
lit e. t ucr-finished color -coded glass braid and shielded with a t finned 
copper braid. Heat, flame and moisture resistant. light weight, 
_small diameter construction. Also available without shielding. 

ROCKBESTOS DUPLEX HEAT RESISTING 
FLEXIBLE CORD 

Sizes No. 18 to No. In -\ \\ G stranded plain copper conductor 
individually insulated with felted asbestos, polarized, 

twisted and covered with a glazed cotton braid. It will 
not dry out and crack under heat and is flame 

ROCKBESTOS MULTI -CONDUCTOR 
FIREWALL RADIO HOOKUP CABLE 

This type nt cable is made up of loon 
volt individual Firewall Radio Hookup 

Wires of required size and number of conduc- 
tors, cabled, and braided or shielded according 

to customer's specification. For example, this 
special 14 conductor #9.e AWG cable was 

taped. shielded with tinned copper braid, then 
jacketed with . black glazed cotton braid with a 
flameproof finish. 

These are but a few of the permanently insu- 
l.tl..J wires, cables and cords developed Icy Rock- 

i'e.ctos to meet severe or unusual operating con- 
J¡lion.s. 

ROCKBESTOS RESEARCH 
Solves Difficult Wiring Problems 

NEW YORK, BUFFALO, CLEVELAND, CHICAGO, PITTSBURGH, ST. LOUIS, LOS ANGELES, SAN FRANCISCO, SEATTLE, PORTLAND, ORE. 

INVEST IN WAR BONDS MAKE EVERY PAYDAY A LAY -AWAY DAY 
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NEW PRODUCTS 

Month after month, manufacturers de- 
velop new materials, new components, 
new measuring equipment; issue new 
technical bulletins, new catalogs 

Stellite Alloy 
AN ALLOY OF tungsten, chromium, 
and cobalt is available from Haynes 
Stellite Co., Kokoma, Indiana, in a 
form adaptable to instrument bear- 
ing pivots, phonograph and record- 
ing needles, needle valves, and sim- 
ilar applications. The properties of 
the alloy, according of the manu- 
facturer, include a tensile strength 
of approximately 65,000 lb per sq 
in., a hardness of Rockwell C-60 to 
C-62, high resistance to wear, an 

unusually low coefficient of friction, 
the ability to take a high polish, and 
excellent resistance to corrosion, 
whether from atmospheric condi- 
tions or chemical agents, such as 
water solutions of various salts, al- 
kalies, and acids. Easily fabricated 
and virtually nonmagnetic, the al- 
loy can readily be brazed or welded 
to steel or other base metals, for 
use in instruments or mechanisms 
where nonmagnetic, corrosion- and 
wear -resistant parts are essential. 

Electronic Multitester 
AN ELECTRONIC MULTITESTER, RCP 
Model 663A, is designed to save en- 
gineering time in the laboratory 
and to speed production testing. 
An a -c and d -c voltmeter, ohmmeter 
and capacitometer are all combined 
in one instrument. It features 27 
vacuum tube operated ranges; VR 
105-30 voltage regulator tube and 
its associated circuits, insuring 
freedom from error due to line volt- 
age fluctuations; 13 a -c and d -c 

voltage scales, measuring from a 
fraction of a volt to 6,000 v; high 
voltage test leads; r -f lead; signal 
tracing probe; resistance and ca- 
pacity lead. 

Other features include a wide 
scale on 4i in. D'Arsonval Micro - 
ammeter with guaranteed accuracy 
of two percent at full scale. Linear 
meter movement. Meter burn -out 
has maximum protection-practi- 
cally foolproof-meter cannot be 
damaged by checking a live resistor 
or using too low a range for making 
a measurement. There is a pilot 
light indicator; matched pair mul- 
tiplier resistors accurate to 1 per- 
cent. 

Model 663A has a rugged welded 
steel case, thoroughly shielded. 
Complete with five leads; large ca- 
pacity batteries, easily replaceable; 
tubes and pilot lamp. Its size is 9i 
x 10i x 6I inches. Weight: 71 lbs. 
Model 663A Multitester is priced 
at $55.50 net. 

Radio City Products Co., Inc., 
127 West 26th St., New York 1, 

N. Y. 

Precision Table for Cutting 
Quartz Crystals 
A QUARTZ ORIENTATION replace- 
ment table, adaptable to any quartz 
cutting saw, is utilized in position- 
ing quartz to high accuracy cutting 
the quartz into crystals. This table 
is said to eliminate the necessity 
for much of the technically expert 
manpower formerly required for 
making corrections. Correction 
readings may be transferred from 

either General Electric or Phillips 
x-ray machines directly to the 10k 
in. deg. dial on the table. The mi- 
nute calibrations are easily visible, 
and large enough to allow correc- 
tions to a fraction of a second. 

The table can be rotated 360 deg 

and provisions are made for the X 
correction with a plainly visible and 
conveniently located scale and 
pointer. The tables and mechanism 
are chromium -plates cast bronze, 
designed to minimize wear from vi- 
bration and to avoid inaccuracies. 

Adjustments are provided to com- 
pensate automatically for all wear, 
a feature which is extremely im- 
portant in this type of equipment 
due to the abrasive action of quartz 
dust. Spring -loaded gears in the 
gear -train eliminate backlash, 
thereby assuring setting to minute 
precision. The gears on the sector - 
arm and the gear -train are meshed 
under constantly maintained ten- 
sion to eliminate any inaccuracies 
due to tooth wear. 

Care has been taken to eliminate 
any possibility of damage from 
abrasives which might be deposited 
by capillary action. The gear case 
inself is protected by a Lucite cover 
to prevent quartz loaded coolant 
from getting into the precision 
gear mechanism. 

Robert H. Clark, 9330 Santa 
Monica Blvd., Beverly Hills, Calif. 

Webster Products Releases 
Data on New VR -2200 Series 
Voltage Regulators 
SERIES VR -2200 carbon pile voltage 
regulators for air -borne applica- 
tions handle 100 watts in the pile 
with an air flow through the fins 
of approximately 25 cu.ft. per min. 
and up to 50-75 watts without air 
blast. Piles can be provided with a 
resistance range of the order of 20 

to 1, the total range of maximum 
values being from less than 1 to 
about 100 ohms. 

In one application, the resistance 
of the carbon pile is in one side of 
the line and the regulator operates 
to vary this resistance automat- 
ically so as to produce constant 
voltage across the load. In another 
typical application, the voltage reg - 
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zcr EXACTING laboratory standards 

The reason for our successful interpretation of specialized production problems 
is an open secret. ECA has an invaluable supplement to sound experience and 
versatile facilities. This is the competitive spirit in our ranks fostered by both 
management and labor. Such a challenge to individual effort results in greater 
efficiency, greater economy, and a deeper insight into the assignment at hand. 

The ECA Laboratory Frequency Standard is an excellent example of our work. 
This unit is used in our production department for testing and calibrating 
equipment. It is a frequency standard providing checking of ultra -high fre- 
quencies with an accuracy of one hundredth of one percent. It is composed 
of crystals and a series of frequency multipliers which multiply each crystal 
frequency 64 times. This unit was built in the ECA laboratory since there is 
no commercial equipment available that will guarantee the requited accuracy 
at certain ultra -high frequencies. It has made possible the delivery of specially 
needed equipment for the war agencies. 

FIGHT HARD WITH WAR BONDS ... BUY ALL YOU CAN, AND MORE 

ELECTRONIC CORP. OF AMERICA 

loo °% 

IN WAR WORK . . 

OCCASIONALLY, 

HOWEVER, 

PRODUCTION 

SCHEDULES 

PERMIT US 

TO ACCEPT 

ADDITIONAL 

ASSIGNMENTS 

45 WEST 18th STREET NEW YORK II. N.Y. WATKINS 9-1870 
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FIBRE 
FABRICATIONS 

e 

igThe 
excellent electrical VI and mechanical charac- -.teristics of BAER phenol - fibre and vulcanized fibre 

fabrications are both diversified and 
numerous. High dielectric strength, re- 
sistance to the deteriorating effects of 
electrical arcing, ability to withstand 
vibration, shock and impact are some 
of the advantages. 

These factors, plus the BAER facilities 
for machining, stamping, punching, 
drilling, sawing, etc. to strict specifi- 
cations, will efficiently and economi- 
cally meet your fibre fabrication needs. 

Write for Bulletin 120. 

e 
e 

e 

j2aciñyBAER FOR WASHERS, 

STAMPINGS, GASKETS, SPECIAL 
SHAPES, TERMINAL BOARDS AND 

BUSHINGS 

ti 

91I 

N. S. BAER COMPANY 
CRAFTSMEN IN FIBRE FABRICATION 

9-11 MONTGOMERY ST., HILLSIDE, NEW JERSEY 

WITH UNERRING ACCURACY 

Today, as a result of American en- 
gineering skill ingeniously applying 
amplification principles to highly 
specialized instruments, thousands 
of amplifiers by "Eastern" help to 
guide our army and navy bombers 
with unerring accuracy in success - 

BACK THE ATTACK * 

BUY WAR BONDS * 

fully completing their vital missions. 

Our engineering staff invites your 
inquiry-large and small production 
runs, even single units, receive our 
usual prompt attention. Write ¡or 
Bulletin 97. 

EASTERN AMPLIFIER 
YorkCORP, 794 E. 140th St., New 54, N.Y. 

ulator varies the field excitation of 
an inverter, alternator or special 
dynamoter in such a manner as to 
produce constant output voltage 
across the load. Where fhe ma- 
chine is delivering a.c., a rectifier 
may be provided to supply the regu- 
lator solenoid circuit. 

Webster Products, 3825 W. 
Armitage Ave., Chicago 47, Ill. 

Inter -Locking Terminals 
THIS SOLDERLESS TERMINAL permits 
the application of two wires to a 
single stud without a lateral motion 
which might cause short circuiting 
between adjacent terminal groups. 

A unique interlocking principle 
allows two or more terminals to be 
used on a single stud when there 
are no barriers to control the posi- 
tions. 

Aircraft -Marine Products, Inc., 
1521-53 No. Fourth St., Harris- 
burg, Pa. 
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ltIeil "L'iler'mAs ©ver.. . 

A SPECIAL FRACTIONAL H P MOTOR 
GOES TO WORK 

Just as a bomber goes into the final bombing 
run, "Elmer", the automatic pilot, takes over the 
big ship and guides it straight and steady right 
on the target. 

It's when "Elmer" takes over the controls that 
a special motor goes to work . . . driving 
"Elmer's" intricate mechanisms at a constant, de- 
pendable speed which assures precision, pin -point 
bombing from all altitudes at all temperatures. 
Providing power for automatic pilots is but one 

of the many applications for which Holtzer- 
Cabot specially designed fractional HP 
motors are used. 

SPECIAL MOTORS DESIGNED 
TO FIT THE APPLICATION 

Today, the full capacity of Holtzer-Cabot facili- 

ties are being used in building fractional HP motors 
for military use. However, our motor development 

engineers are available for solving special 
fractional HP motor problems for contem- 
plated peace -time products. 

THE HOLTZER-CABOT ELECTRIC COMPANY 
Designers and Builders of Special Fractional HP Motors and Electrical Apparatus 

125 Amory Street, (Boston, Mass. Chicago, III., New York, N. Y., Philadelphia, Pa. 
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PROTECT VITAL 
WIRES & CABLES 

FROM STRAIN 

/ASSEMBLY time can be re- 

duced and production sim- 

plified with this Heyman strain 

relief. It will absorb cord pull 

and torque and eliminate strain 

on terminals. Protective coat- 
ing retards rusting. Has Under- 

writers Laboratories approval. 

HUNDREDS OF USES IN: 

INSTRUMENTS 

RADIOS 

HEAD SETS 

ELECTRONIC DEVICES 

CONTROL PANELS 

TELEPHONES 

ELECTRICALLY ENERGIZED 

MACHINERY 

ETC. 

Send cord size for test samples 
and quotations for your partic- 
ular application, without obli- 
gation, of course. 

HEYMAN 
MFG. COMPANY 

MANUFACTURERS r; ENGINEERS 

KENILWORTH, NEW JERSEY 

Waterproof Navy Motor 
A WATERPROOF hp electric induc- 
tion motor for driving the cams of 
a multiple -barrel gun has been 
built to Navy specifications. It op- 
erated after being squirted with a 
one inch jet of water from a dis- 
tance of ten feet. 

The waterproof design was 
evolved through use of a labyrinth - 
type seal having appropriate traps 
and drains. 

Westinghouse Electric & Mfg. 
Co., 306 Fourth Ave., P. O. Box 
1017, Pittsburgh 30, Pa. 

Boiler Feedwater Control 
FIREEYE ELECTRONIC FEEDWATER 
control, Series P156N, automat- 
ically maintains constant boiler - 
water levels and guards against 
low-water hazards. It is used with 
probe fitting type H53. The fitting 
may be mounted parallel to the 
water column, or directly on the 
boiler, and is wired to the elec- 
tronic control. Three probes within 
Type H53 mark boiler feed -water 
pump on and off levels and a low- 
water danger point. The top and 

TO FUEL 
SUPPLY 
MOTOR. 
OR VALVE 

PRESSURE SWITCH 
OR OTHER MOTOR 

CONTROL 

TO FEED 
WATER PUMP 

OR VALVE 

Probe Fining 
115SU V 

ACSUPPLY 

Electronic Control 

Typical FIREYE lonallatioo For Automatic Boiler Feedwater 

Control And Low.Lerel Safeguard 

f- 
acsimile 

SENmNG 

«RECEIVINO 

THE 
"INSTANT COURIER" 

(Transmits pictured messages 
by radio or wire) 

For the present, Finch manu- 
facturing facilities are being 
devoted to special radio ap- 
paratus for .. . 

U. S. SIGNAL CORPS 
U. S. NAVY 
U. S. ORDNANCE DEPT. 
F. C. C. 

F. B. I. 

U. S. TREASURY DEPT. 

and WAR MANUFACTURERS 

FINCH 
TELECOMMUNICATIONS, Inc: 

PASSAIC, N. J. 

NUMBERALL 

NUMBERING and 
LETTERING PRESS 

Quickly stamps serial numbers 

and other details on name 

plates, names and numbers on 

tags, etc. Can also be fur- 
nished for HOT stamping. 
Write for catalog. 

NUMBERALL 
STAMP & TOOL CO. 

Huguenot Park Stak. Isknd. N. Y. 
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PERMANENT MAGNETS M A Y DO IT BETTER 

Destroyer Escort Kills Subs with Aid of 225 Permanent Magnets 

THE U. S. S. Spangler, a Destroyer Escort 
built by the Defoe Shipbuilding Com- 

pany, is illustrative of the constantly in- 
creasing uses for which permanent magnets 
are employed. About two hundred and 
twenty-five permanent magnets are used 
in this "floating precision instrument" as 
vital parts of telephone, audio, radio and 
sub -detection equipment, compasses and 
other instruments as well as many other 
electrical and electronic devices. 

Permanent magnets perform a similarly 
wide variety of tasks throughout the great 

panorama of Allied war equipment. And 
because of our 34 years of specialization 
in their development and manufacture, 
our organization has played an important 
role in designing and providing permanent 
magnets for many types of weapons and 
war machines. 

This unusual experience should prove 
invaluable in solving your problems ... and 
our engineers will be pleased to consult 
with you. Write us on your letterhead, for 
the address of our office nearest you and 
a copy of our "Permanent Magnet Manual." 

Help Win the War in '44- 
Buy Warr Bonds! 

e 
Copyright 1944-The Indians Steel Product. Co. 

INDIANA STEEL PRODUCTS, 
i 

* SPECIALISTS IN PERMANENT MAGNETS SINCE 1 9 1 0 * 
6 NORTH MICHIGAN AVENUE CHICAGO 2, ILLINOIS 
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for PILOT LLOyr 

N s f4'4e aH 
Neon Features: , P.N. 14 CO- 

Distinctive orange -rad glow. ` \ ,4 

Dependable long life. 

Low current consumption. 

Resist vibration or shock. 1->:-'4. :OW W 
Operate direct on high 

, voltage circuits. P Emit practically no heat. > 

CONSULT DIALCO 
.. , specialists in applying Neon Lamps 
to Pilot Lights, Panel Lights, and Signal 
Lights for every purpose. 

Geared for rapid service, our plant 
manufactures over 300 types of units 
from which we can instantly supply the 
answer to your problem. 

Rush specifications for recommenda- 
tions and special -made samples. 

24 -page Catalogue mailed on request. 

1E11 
:a!ItIII llI 1fl173ïT3 

DIAL LIGHT CO.,s4.";/, 
90 WEST STREET NEW YORK 6, N. Y. 

"HARD -TO - SOLDER" 
PLACES ARE EASY 
to reach with the efficient KELNOR iron 
which quickly, accurately solders without 
danger of burning insulation on adjacent 
wires ... and in places most difficult to 
get at with conventional type irons. 

KELNOR &a SOLDERING IRONS 
Some KELNOR Features: 

1. KELNCR Weighs Only 8 Ounces 
2. Special KELNOR Extendable Tip 
3. Balanced KELNOR Angle -Head 
4. New Type Heating Element 
5. Comfort -Cool Plastic Handle 
6. All -Ceramic Sealed Insulation 
7. Rugged Welded Construction 

P o A precision -built tool of highest quality. 
KELNOR Soldering Irons are specially de- 
signed for making quick, solid, sure con- 
nections in such fields as Radio, Aircraft, 
Telephone, Telegraph, Shipbuilding, etc. 

APPROVED BY UNDERWRITERS LABORATORIES, Inc. 

Order through your JOBBER-or, for more facts, and prices, write 
National Sales Agent, Wm. Weston and Co., 550 Page St., San Francisco 17, Calif., or 

middle probes determine the high 
and low levels at which the boiler 
feedwater pump is turned on and 
off to maintain constant water level. 

Supplied as standard for boiler 
pressures to 300 lb and for opera- 
tion from a supply of 115 or 230 v 

a.c. 60 cps. The equipment governs 
solenoid valves, small horsepower 
pump motors, or pump motor mag- 
netic starters. 

Combustion Control Corporation, 
77 Broadway, Cambridge 42, Mass. 

Quarter Million Volt 
Capacitor 
THIS 0.02 ltf 250,000 v liquid im- 
pregnated capacitor is housed in a 

wet process porcelain tube and 
filled with a liquid dielectric. The 
end caps are the Westinghouse 
solder seal type which act both as a 

mounting arrangement and as 
terminals. 

The unit is built for total salt 
water submersion and operation 
under severe conditions. Voltage 
ratings range from 7500 v to a 

quarter of a million volts in single 
units and can be connected in series 
for operation up to several million 
volts. 

Industrial Specialty Company, 
1725 West North Avenue, Chicago 
22, Ill. 

Pyro-Plastics 
PYRO-PLASTICS is a glass -bonded 

mica product formed under ex- 

tremely high temperature and pres- 
sure, resulting in a dense, mois- 

ture -proof, low -loss, high -frequency 
insulating material. It has been 

used for r -f switches and coil 

forms, oscillator circuits, structural 
supports for radio circuits, vari- 
able and fixed capacitors and other 
applications. 

According to the manufacturer 
it can be readily drilled, cut and 
machined to close tolerances. Stock 

sheets are ground to plus or minus 
0.015 in., but if closer tolerances 
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What Price Pilots? 

ncle Sam takes a new 
recruit of top-notch physical and mental 
ability, and makes a combat pilot of 
him in two years, at a cost of $30,000. 

Trained and equipped to perfection, 
he will be a sure-fire success as a fight- 
ing man. But what about the day his 
combat job is finished - can we be as 
certain that he will come back to 

a nation of opportunity and prosperity? 
Regular, substantial investment in 

war bonds is a double-edged sword 
that helps fight the war and assures 
a prosperous postwar economy. It is 
your duty and ours to encourage those 
who work with and for us to invest 
regularly and substantially . . . for 

everybody's future. 

'. Among our contributions to his equip- 

ment are communications equipment 

and aircraft ignition components. Con- 

necticut Telephone and Electric Division 

employees are over 99% pledged to 

regular payroll deductions on an aver- 

age of 15% of their incomes. 

CONNECTICUT TELEPHONE & ELECTRIC DIVISION 

MERIDEN 

SEAT 

!R/CAN 
_J 

NOtl9rRrlf 

CONNECTICUT 

1944 Great American Industries, Inc., Meriden, Conn. 
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AVAILABLE 
mr IMMEDIATELY! 

Gould -Moody 
"b'lae/¢.SeaEs, 
GLASS BASE 

INSTANTANEOUS 

RECORDING 

BLANKS 

13-411> 
Broadcasting stations! 
Recording studios! 
Schools! "Black Seal" 
Recording Blanks may 
be obtained without de- 
lay on an AA -2X rating 
which is automatically 
available to you. 
Send us your priority 
rating, and we'll ship 
these famous, better - 
sounding, longer -wear- 
ing, more satisfying 
blanks immediately. Two 
weights - thin, flexible, 
interchangeable with 
aluminum, or medium 
weight. Four holes. Cen- 
ter -flow thread action. 
Won't age, harden, dry 
out or deteriorate. 
Old Aluminum Blanks Recanted with 
"Block Seal" Formula on Short Notice 

the 

GOULD -MOODY 
company 

Recording Blank Division 

e eol,., 395 Broadway 
A. 

New York 13, N. Y. 

are desired, it can be ground to 
plus or minus 0.005 in. at a slight 
additional cost. Available in size 
10 x 12 inches in } to i in. thick- 
nesses; also 6j x 183- inches in j to 

in. thicknesses. 
International Products Corp., 

2554 Greenmount Ave., Baltimore 
18, Md. 

Telephone Type Relays 
MODEL TSU TELEPHONE type relay 
for bottom mounting is designed 
for crystal switching but is suit- 
able for various high -frequency, 
plate circuit and general utility ap- 
plications. Contact arrangements 
are supplied normally open, nor- 
mally closed, spdt, or in any two 
combinations. Contacts will carry 
two amperes at voltages to 24 v 
d.c. and 115 v a.c. non -inductive 
load. Coil resistances are available 
from a fraction of an ohm to 5,000 
ohms. 

Model TSL, for end mounting, is 
similar to TSU, and both are avail- 
able with ceramic or Bakelite in- 
sulation. Their overall dimensions 
are li in. long, i in. deep and li in. 
high; weights 11 oz. 

Dept. T, Allied Cotítrol Co., Inc., 
2 East End Ave., New York 21, 
N. Y. 

Dielectric Heating Line 
DESIGNED SPECIFICALLY for pre- 
heating plastics, this dielectric 
heating equipment is readily adap- 
table to the baking and dehydrat- 
ing industries, according to the 
manufacturer. 

Haines Mfg. Co., 248-274 Mc- 
Kibbin Street, Brooklyn 6, N. Y. 

110 -VOLTS A. C. 
from DIRECT CURRENT 

with KATOLIGHT ROTARY KONVERTERS for 
operating radio and electronic equipment, 
moving picture projectors, sound apparatus, 
A.C. appliances, etc. 

225 WATT 
CONVERTER 
Available in sizes 110 through 1500 watts, 
1800 and 3600 r.p.m. ball bearing designs. 
Furnish standard 110 -volt 60 cycle A.C. from 
32, 110 or 220 -volts direct current. Quiet in 
operation. Can be furnished with special 
filtering equipment for sensitive radio work. 

PIONEERS IN THE BUILDING OF 
SMALL ROTARY CONVERTERS 

At present Kato's entire production must be 
directed to furnishing converters on high 
priority orders. Wire us if you need this 
kind of equipment for orders, 
Also manufacturers of A.C. and D.C. gener- 
ators ranging from 350 watts through 25 K.W.; 
power plants; Frequency changers; high fre- 
quency generators; and Motor Generator Sets. 

KATO ENGINEERING CO. 
66 ELM ST. MANKATO, MINN. 

FLEXIBLE SHAFTS 
that carry power around 
any corner is our spe- 
cialty. Faithful, depend- 
able power drives or 
remote control in air- 
planes, tanks, signal 
corps radio, and many 
other war mid commer- 
cial products. Shafts 
made to your specifica- 
tions. Our engineering 
department will work 
out your particular 
power problem without 
obligation. 

Write today for 
Manual D. 

,CI6 Ji/ 
F. W, STEWART MFG. CORP. 
4311-13 RAVENSWOOD AVE. CHICAGO. ILL. 

West Coast Branch 431 Ventee Blvd., Los Angeles, Calif. 
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History of Communications Number Two of a Series 

COMMUNICATIONS BY ROMAN POST RIDERS 

MODEL 

1700 -UB 

In the early days of the Romans and Phoenicians the fastest means of 
communication was the post riders, who carried news and War dis- 
patches from the battle front. As fleet as their horses might have been, 
their speed does not begin to compare with electronic voice communi- 
cation. The twist of a dial and the pressing of a button-in the flash of a 
second the message comes through. Clear cut speech transmission with 
Universal microphones reduces error and expedites the delivery of the 
message. 

Today Universal microphones and voice communication components 
are being used throughout the world on every battle front filling a vital 
need and "getting the message through." 

< Model 1700 -UB, illustrated at left, is but one 
of several military type microphones now avail- 
able to priority users through 'ocal radio jobbers. 

UNIVERSAL MICROPHONE CO., LTD 
INGLEWOOD, CALIFORNIA 

FOREIGN DIVISION: 301 CLAY STREET, SAN FRANCISCO 11, CALIFORNIA CANADIAN DIWIiSIOIN: 560 KING STRUT WEST, TORONTO 1, ONTARIO, CANADA 
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MULTI -POLE 
SMALL and POWERFUL 

The Sensitive G -M Type 27 relay answers many problems requiring small, 
multi -pole relays in electronic circuits. Its small size, rugged construc- 
tion, extreme efficiency and high contact capacity make it ideal for uses 
on aircraft and mobile equipment where vibration is encountered. De- 
signed for permanence of adjustment. Temperature; humidity; elevation; 
salt spray test; to usual aircraft specifications. Two actual examples of 
type 27 characteristics are: 
1. Type 27, specification 12700, single pole single throw relay-contact pressure 50 

grams minimum; acceleration 10g.; coil power 90 milliwatts at 25° C. ambient; 
contact gap .010 inch; weight 5Y. ounces. 

2. Type 27, specification 12746, three pole relay with two double throw contacts and 
one single pole normally open contact-contact pressure, 30 grams minimum: 
acceleration, 10g.; pick-up 3.75 milliamperes maximum with 10,550 ohm coil (148 
milliwatts); contact gap .010 inch; weight 51/2 ounces. 

Comparable relays with a variety of contact forms and coil resistances can be supplied. 
We invite your inquiries. 

G -M LABORATORIES INC. gag, WAR BONDS & STAMPS 

4313 NORTH KNOX AVE., CHICAGO 41, ILL. 

The morning after Victory... 

Today we think only in terms of planes 
and tanks and ships and guns, but when 
Victory comes ... what then? 

Will you be prepared to turn from the 
tools of war to the tools of peace? Your 
engineering problems will prove simpler 
if you call in ERWOOD'S extensive 
experience to your aid. 

THE EHWOOD CONIMINY 
225 WEST ERIE STREET l H11`1GO, ILLINOIS 

Temperature Control Switch 
MODEL H TEMPERATURE limit con- 
trol is available with switch nor- 
mally closed for cutting off heat, 
stopping fan, closing valve and also 
with switch normally open for 
lighting lamp or ringing bell. It 
breaks the heating circuit while 
closing the alarm circuit. Sturdy, 
foolproof reset button operates 
from outside of case. 

Locking -screw locks temperature 
setting. Terminal plate has large 
screw terminals. Snap -action 
micro -switch eliminates contact 
troubles. Range 0-1400 deg F. Ad- 
justable range 200-300 deg F. Di- 
mensions are 5i by 1¡ by 3 in. 

Burling Instrument Co., 253 
Springfield Ave., Newark, N. J. 

Auto Engraver 
THIS VICTORY MODEL duplicating 
and profiling Auto Engraver was 
engineered for accurate engraving 
by unskilled operators and repro- 
duces designs, numbers, letters, sig- 
natures and emblems on iron, brass, 
copper, aluminum, soft steels and 
plastics. 

It can also be used to drill a 
series of holes, profile small parts, 
etch glass or to cut an even chan- 
nel for wiring on panels. Model 
Nos. 100 and 200 are priced at $850 
and $600 respectively. 

Auto Engraver Co., 1776 Broad- 
way, New York 19, N. Y. 

298 March 1944 - ELECTRONICS 

www.americanradiohistory.com



Longer life and superior performance 
are distinguished characteristics of NORELCO 
Cathode Ray Tubes. These qualities are achieved by 
advanced production techniques-assured by perfect 
scores in 90 exacting tests of raw materials, parts, 
sub -assemblies, assemblies and performance. 

One of the 90, the torsion test, which follows the 
immersion test, is illustrated above. 

It is this precision, this relentless pursuit of per- 
fection which has made North American Philips 
one of the leading producers of Cathode Ray Tubes. 
NORELCO power, transmitting and special-purpose 
tubes, quartz oscillator plates and communications 
equipment are doing wartime duty on land, on sea 
and in the air. And for those who carry this equip- 
ment on to Victory, every okeh on our inspection 
line is vital. 

Tomorrow, these skills, the heritage of long years 
of world-wide experience in electrical applications, 
will be available for the development of peacetime 
industries. 

For our war industries we now make Searchray 

(X-ray) apparatus for industrial and research appli- 
cations; X-ray Diffraction Apparatus; Electronic 
Temperature Indicators; Direct Reading Frequency 
Meters; Electronic Measuring Instruments; High 
Frequency Heating Equipment; Tungsten and 
Molybdenum in powder, rod, wire and sheet form; 
Tungsten Alloys; Fine Wire of practically all draw- 
able metals and alloys: bare, plated and enameled; 
Diamond Dies. 

.1 nd, for l'ictory tr e say: Buy More War Bonds. 

ore/co 
ELECTRONIC PRODUCTS by 

NORTH AMERICAN PHILIPS COMPANY, INC. 
Executive Offices: 100 East 42nd Street, New York 17, New York 

Factories in Dobbs Ferry, New York;! Mount Vernon, New York 
(Metalix Division); Lewiston, Maine (Ebnet Division) 
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HUT 
OF6 THEWIRE" 

PRODUCTION STRIPPING 

1feu<- IDEAL 
"Hot- Blade" 

WIRE STRIPPER 

Quickly strips cotton, silk, or rubber 
from fine stranded or solid wires. In- 
sulation is burned (not cut) from wire 
by two electrically heated blades. No 
cutting or nicking of wire. 

IDEAL ELECTRIC 
SOLDERING TOOLS 

Revolutionary 
Instant Heat! 
IDEAL 
"Thermo - 
Grip" Solder- 
ing Tools heat 
up the part to 
be soldered- 

not just the soldering tool. Melt high - 
melting -point solder instantly. 

IDEAL 

Solderless, tapeless wire connectors. 
Easy to use. Strip wires, screw on- 
that's all. Fully approved. Listed by 
Underwriters' Laboratories, Inc. Sizes 
for every job. 

IDEAL 
IDEAL COMMUTATOR DRESSER CO 

1631 Park Ave. Sycamore, Illinois 
Sales Offices In All Principal Cities 

In Canada: IRVING SMITH, LTD.. Montreal. Quebec 

Table Model Developer 
DRY -DEVELOPING WHITEPRINT repro- 
ductions of engineering drawings 
and tracings can be made with a 
sturdy machine known as the 
Pease "700". It is a developer only, 
with two forward speeds of four 
and eight ft. per min. It can be 
used in conjunction with any blue- 
printing or direct -process printing 
machine using any dry direct proc- 
ess paper. It is made in two sizes, 
42 and 54 in. 

C. F. Pease Co., 2601 West Irving 
Park Road, Chicago, Ill. 

Midget Snap -action Sw.itch 
THIS SNAP -ACTION SWITCH built on 
the rolling spring principle is de- 
signed for actuation from either 
the top or bottom and is adapted to 
electronic control devices, machine 
tools, aircraft and electrical appli- 
ances. Weighing less than an 
ounce, it is by ?« in. and is made 
to the maximum dimension of H in. 

According to the manufacturer, 
all component parts are non -cor- 
rosive. Meeting Army Air Force 
approval, the switch has shown no 
failure after 94 million operations 
in factory tests. When built into re- 
lays, smaller coils may be used 
since only 4 to 6 oz operating pres- 
sure is required. 

Acro Electric Co., 1316 Superior 
Ave., Cleveland 14, Ohio. 

Geared Limit Switch 
THIS IS A LIMIT SWITCH incorpor- 
ating two individually adjustable 
trains of intermittent gears, each 
train operating one contact drum 
providing three double -break con- 
tacts. Of these, two contacts may 
be normally open and one normally 
closed, or vice versa. The switch 
can be adjusted for operation be- 
tween 2 and 3333 turns of driving 
shaft at speeds ranging from 10 to 
500 rpm. 

The switch is of all -molded con - 

Dials, Panels, Gauges 

by the SILK 
SCREEN 
METHOD 

A PROVED, economical method 
requiring NO machinery ... and 
highly satisfactory for quanti- 
ties from 10 to 10,000 impres- 
sions. Reproduces fine numerals, 
lettering, designs CLEANLY and 
ACCURATELY. Send copy or 
blueprint for estimate and full 
details. 

SILK SCREEN SUPPLIES, INC. 

33 LAFAYETTE AVE. 
BROOKLYN, N. Y. 

Employees can't misunderstand- 
when they have photo -exact copies 
of letters, orders, blueprints, tech- 
nical data or sketches. A dozen de- 
partments or branch offices can have 
A -PE -CO photo -copies on file! You 
can copy practically everything - 
even blueprints of which no tracings are 
on hand. Any office boy or girl can make 
A -PE -CO photo -copies quickly and easily. 
No technical knowledge necessary. Thou- 
sands of America's largest business houses 
have found the A -PE -CO Photo-Copyer in- dispensable. See how you can use it to avoid mistakes and save time. 

Write, today, for descriptive folder. 
AMERICAN PHOTOCOPY EQUIPMENT CO. 
2849 N. Clark St., Dept. AG -34, Chicago 14, III. 

Representatives in Principal Cities. 
In Canada: Railway & Power Eng. Corp., Ltd. 

A -PE -CO 
" * Aoeo g-xacrt " Copies 
Made Fast by Anyone, Anytime 
PROTOCOPYER 

$5500 
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leide tolerances 
make Cherry 

Rivets ideal for any blind 
spot 

Hollow Cherry Rivets make 

permanent fasteners for 

name plates 

Cherry 
Rivets redtice 

`pnoi a ete nil; aplasm 

Clinc 
dealflrw 

Cherry Rivet 

clahin8mpings 

JUST BLIND RIVETING 
The Cherry Rivet is a mechanical blind rivet made 

of two parts, a standard brazier or countersunk 

rivet which is drilled and a double headed mandrel 

which passes through the rivet. 

Access to only one side of the work is needed 

to apply a Cherry Rivet. One operator does the 

job, using a gun which pulls the mandrel and forms 

a head on the blind side. 

This pulling action eliminates any hammering on 

rivets or the use of a bucking bar, making the 

Cherry Rivet ideal for many jobs other than blind 
spot riveting, such as fastening brittle or pliable 
materials. 

Cherry Rivets are now made of aluminum alloy 
but new types of rivets in other materials are being 
developed to meet special needs. If you have any 
difficult riveting or fastening problems, consult our 
Engineering Service Department. 

WRITE FOR HANDBOOK-Get 
the complete story on Cherry Rivets 

in the 16 -page Handbook A-43. 
Address Department A-120, Cherry 
Rivet Company, 231 Winston St., 

Los Angeles 13, California. 

Av. .z 

%arrg /Min iF,¡'Flivete 

Cherry Rivets, their manufacture end application are covered 
by U. S. Patents issued and pending 

UL.LL'L'l LLtLLH1 
LOS A N G E LES , CAL I FOR N I A 
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.SIGNAL INDIeTOR 
140 CEDAR STREET, NEW YORK 6, N. Y. 

mica 
FOR EVERY RADIO 
ELECTRICAL AND 
ELECTRONIC USE 

The importance of 

MICA 
for National Defense 
Submarine engines depend on Mica 
parts for reliable performance. Elec- 
trically -driven TORPEDOES would be 
álmost an impossibility if it were not 
for certain MICA segments contained 
in the motor parts! 

Ford Radio & Mica Corp. 
JOSEPH J. LONG, Pres. 

538 63rd Street Brooklyn 20, N.Y. 
Est. 1917 Tel: Windsor 9-8300 

struction providing easily access- 
ible terminal's. Contacts are double 
break, self cleaning due to wiping 
action, and of silver. Rated for 
voltage up to 550 ac or dc. 

It is suitable for the control or 
the position indication of hoist or 
crane mechanism, automatic doors, 
valves or dampers, or any mechan- 
ism where precision control or po- 
sition indication is required. 

Philadelphia Gear Works, Erie 
Ave. & G St., Philadelphia 34, Pa. 

Blower Unit 
THis 115 v, 400 CPS blower unit 
consists of a No. 2 L -R blower and 
a 1/100 hp single phase capacitor 
J31A motor. 

Running at 7200 rpm, the blower 
circulates 22 cu ft per min continu- 
ously. The motor is designed for 
use in ambient temperatures up to 
80 deg C. Overall length of the 
unit is 4.37,1 in.; weight 193 oz. 

Eastern Air Devices, Inc., 585 
Dean St., Brooklyn 17, N. Y. 

Bakelite Plug 
THIS COMPACT No. 37212 plug is 
designed primarily for use with 
Millen No. 37222 captive head posts 
and No. 37202 plates. A small cir- 
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7ema4oj 
ELECTRONICS... 

NO word in industry has achieved more fame 
than "electronics". Perhaps its excessive use has over 
emphasized the wonders of an electronic world. However, 
there is the undeniable fact that the magical performance 
of electronic equipment is unexcelled. 

An outstanding example is the SECO automatic voltage 
regulator. When its electronic "genie" ... a special bridge 
and thyratron tube circuit ... detects any fluctuation in 
A -C line voltage, a variable voltage transformer is author- 
ized to correct for a constant output voltage. 

This improved type regulator retains all the desirable 
characteristics inherent in the variable voltage auto. 
transformers. 

HIGH EFFICENCY- 98% or better at full load. 
NO WAVE FORM DISTORTION. 
LOW EXCITING CURRENT. 
LOW COST PER KVA. 

And it also has additional features offered by no other 
automatic voltage regulating equipment, 

NO INTERNAL MECHANICAL ADJUSTMENTS. 
OPERATION NOT AFFECTED BY LOAD OR 
POWER FACTOR. 
OUTPUT VOLTAGE AND SENSITIVITY 
ADJUSTABLE OVER WIDE RANGE 
CORRECTS A WIDE RANGE OF INPUT 
VOLTAGES. Standard models correct for input 
voltage variations of plus and minus 17.5 % out - 
put voltage. 

For all electrical and electronic applications, this modern 
voltage control is available for 115, 230, or 440 volt cir- 
cuits in capacities up to 75 KVA. 

Send for Bulletins 

149 LE and 163 LE 

SUPERIOR ELECTRIC COMPANY 
202 LAUREL STREET, BRISTOL, CONNECTICUT 
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di 
DR A UJ It1G 

P/E/t1 
C I LS 

WITH adz,-rld LEAD 

The use of a fine pencil is re- 
flected in the drawing, whether 
made by an architect, engi- 
neer or artist. It also reflects in 
the blueprints when made from 
tracings ... You can rely on 
the KIMBERLY Drawing pencil 
to perform for you ... The 21 

accurately graded degrees, 
including Tracing 1-2-3-4, 
are all perfect quality with the 
needed strength when pres- 
sure is applied-the smooth- 
ness of silk, density of color 
creating deep opaque blacks, 
minus a tendency to smudge 
and free from gritty hard spots. 

Matching Kimberly Quality is the 
SEMI -HEX Carbo-Weld Thin Colored, 
made in a variety of colors-an indis- 
pensable pencil in the drafting room. 
White, lemon yellow and a special 
red shade are best for checking and 
blueprint work. 

You may try these excellent pencils by filling 
in and returning the coupon below. 

Kimberly refill drawing leads for drafts- 
men's and artist's lead holders available 

in 14 degrees (5B to 7H). 

DEPT. C 

GENERAL PENCIL CO. 
67 Fleet St., Jersey City 6, N. J. 

Gentlemen-Please send me without 
obligation: 1 -KIMBERLY (Degree) 

and 1 -SEMI -HEX (Color) 

General Pencil Company 
JERSEY CITY NEW JERSEY 

cular depression on top is for "color 
coding" or polarity indication. 
Made in black or red regular Bake- 
lite as well as low -loss brown mica - 
filled Bakelite for r -f uses. 

James Millen Mfg. Co., Inc., 
Malden, Mass. 

Rotary Limit Switch 
RATED FOR 125 a -c applications, 
this 12 circuit direct -connected 
rotary type limit switch has 12 
individual contact drums, each 
separately adjustable by small in- 
crements. It can be used as a con- 
tinuously rotating or reversing 
switch, and is suitable for opera- 
tion in any position. 

. e', e< r -%.g` 

d 
si111rsitwlL . .. r - 

The all -molded construction pro- 
vides easily accessible terminals, 
silver to silver wiping and self 
cleaning double break contacts, and 
needle bearing shaft suspension. 

Philadelphia Gear Works, Erie 
Ave. & G St., Philadelphia 34, Pa. 

Electronic Pneumatic 
Controller 
CELECTRAY PNEUMATIC indicating 
controller, according to its manu- 
facturer, is the first instrument of 
its type which does not employ a 
motor or other continuously mov- 
ing parts. Some of its features in- 
clude continuous action, no measur- 

PLATINUM 
Wire & Ribbon 

(i -PAD 

SILVER 
Sheet, Wire, Brazing Alloys 

THE AMERICAN PLATINUM 

WORKS 

Refiners & Manufacturers 
N.J.R.R. Ave. at Oliver Street 

Newark 5, N. J. 

..." 
.`iP Jg .i ;" 

REFLEX 
SPEAKERS 
are now the 
ACCEPTED 
STANDARD 

for all 
WAR USE 

EVERY REFLEX 
in the 

UNIVERSITY LINE 
is the result of 

YEARS of 
RESEARCH 

EVERY REFLEX 
in the 

UNIVERSITY LINE 
has a vital part 
to play in the 

WAR PROGRAM 

There are 
OVER 50 SPEAKERS 

in the 
UNIVERSITY LINE 

Submit your special 
problems direct fo our 
engineering depart- 
rr,nt. 

UNIVERSITY 
5 V ARICK SIRE 
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How. to machine P L A X POLYSTYRENE 
... from sheets, reds, tubes ... into special and standard parts 

Plax Polystyrene is specially heat treated so that it 
may be machned without subsequent cracking or 
crazing. Because its softening point is about 180F, 
and because it will become gummy at about 220F, 
one should prevent overheating of the material. 
When overheated, even if gumming does not 
occur, subsequent cracking is possihit. By avoid- 
ing excessive friction, aiding chip clearance, and 
in some cases using a coolant, no d. #cult is en- 
countered and excellent results are obseined. 
Gasoline, kerosene, and other oils will dissolve 
Polystyrene. Hands and rags must be free of oil. 
Use soap and water as a coolant, or, o avoid rust- 
ing, a water solution of Solvac 100M special. 
SAWING: A 9 -inch circular hollow gr.und saw is 
satisfactory. It should be 3/32" thick, to avoid 
vibration. When cutting material less than 
thick, a saw with 12-15 teeth/inch is _sed. When 
cutting heavier sections, a saw with 10 teeth/inch 
should be used. No heat_ng occurs if the saw is 
run at 1850 rpm. with a coolant running through 

the kerf with teeth. 
DRILLING: High speed drills with polished or 
chromium plated flutes are desirable. Drills should 
have large clearance with a low rake. When drill- 
ing through holes, a neutral rake or slow helix 
is used to prevent breaking through. When drill- 
ing blind holes, a fast helix is preferrec. In most 
instances coolants are used in trill_ ng. D:ills are 
available with a central hole through which the 
coolant is pumped into the tin, f -on which it 
flows back along the flutes. When drilling small 
holes, the drill mus: be backed cut frequently to 
clear chips. 
TURNING: Polystyrene can be readily turned. 
Best results are accomplished by usir g a !harp tool 
with only a slight rake and large clearance. A 
coolant is usually used for interval bcri:ig. 
MILLING: Special cutters with low side friction 
are desirable. In soire cases a coolants necessary. 
If a coolant is not used, an air nozzle should be 
used to blow away drips. 

Writ( Plas for other data and for stock sizes a+] lab e NOW. 
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BENDER 

BRAKE 
efflipmema 

SHEAR 

"DIE -LESS" 
DUPLICATING 

might be described as a new industrial technique 
made possible by the- accuracy, extreme adapta- 
bility and ease of operation of DI -ACRO Precision 
Machines-Shears, Brakes, Benders-when used 
as a continuous, integrated production process. 

The DI -ACRO System of METAL DUPLI- 
CATING WITHOUT DIES has proven its adapt- 
ability in making parts just as accurately as can 
be done with dies, to a tolerance 
of .001" in all duplicated work. 
The delay of waiting for dies is 
avoided, deliveries speeded up. 

PRECISION MACHINES 

-ESS Dune - 
Write for Catalog 

OP EIL-111111111 MFG. co. 

321 EIGHTH AVE. SO. MINNEAPOLIS 15, MINN. 

In Active Service 
Over the Entire Globe 

able "dead zone", high sensitivity 
and adjustment to very low sensi- 
tivity, no mechanical connection be- 
tween galvanometer and pneumatic 
circuit, and simple load error ad- 
j ustment. 

A mirror galvanometer and pho- 
toelectric amplifier are combined 
with a pneumatic follow-up and a 
magnetic air -valve acts as an ampli- 
fier and converter from electric to 
pneumatic operation. 

C. J. Tagliabue Mfg. Co., 550 
Park Ave., Brooklyn 5, N. Y. 

Literature 
Relays. Several new relays, in- 
cluding a line of very small, light- 
weight and vibration resisting 
types for aircraft service, are 
shown in a 104 -page catalog, "Re- 
lays and Other Devices for Elec- 
tronic Control". Complete operat- 
ing data and scale mounting draw- 
ings are given. A chart indicates 
the important characteristics of 
each type, simplifying selection of 
the proper design for any purpose. 
Other items include carbon and 
magnetic types of desk micro- 
phones, stepping switches, solen- 
oids, counters, switchboard plugs, 
jacks and cords, handsets, and 
transmitter and receiver units for 
telephone and radio use. Copies of 
this catalog, No. 4071-D can be se- 
cured from Automatic Electric 
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Tylie G-6 

Breaker Circuit 

51 Series. 
Used for 
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A cut of JELLIFF .0008. ALLOY 

"C" WIRE was laid upon the 

above square ... it is so fine, the 

camera almost missed it. 

Below is a microphoto of the same 

wire, enlarged 420 diameters .. . 

a sturdy uniform wire. 

Company, 1033 West Van Buren 
St , Chicago 7, Illinois. 

Another bulletin, No. OF112, ob- 
tainable from Guardian Electric 
Mfg. Co., 1625 W. Walnut St., Chi- 
cago, Illinois, also provides a quick 
reference to standard relay types. 
Thumbnail descriptions give con- 
tact ratings and combinations, 
power requirements, and size and 
weight of 17 types of relays used in 
aircraft, radio, Signal Corps, and 
general industrial applications. Ex- 
planations of time delay methods, 
solenoids, and the new lightweight 
solenoid contactors are also in- 
cluded. 

Applications of Magnets. An infor- 
mative and attractive booklet, "Per- 
manent Magnet Manual No. 2" is 
available from the Indiana Steel 
Products Co., 6 N. Michigan Ave., 
Chicago, Ill. It describes the role 
played by permanent magnets in 
the field of electronics, radio and 
sound equipment and their uses in 
loudspeakers, headphones, hearing 
aids, batteryless telephones, micro- 
phones, phonograph cutting heads 
and pick up units, electric stringed 
instruments, electric organs, and 
radio detecting and measuring de- 
vices. 

Electrical Connectors. Cannon 
Electric Development Co., Los An- 
geles, has issued a 10 -page supple- 
ment of latest information on Type 
AN electrical connectors. The sup- 
plement contains layouts of new in- 
sert arrangements, tabular matter, 
and special plugs. 

Radio Crystals. A small booklet 
called "The Millionth -Of -An -Inch 
Girls" has been put out by Reeves 
Sound Laboratories, Inc., 62 W. 
47th St., New York 19, and is avail- 
able free on request. The booklet 
tells about the importance of crys- 
tals to the war effort and how this 
company contributes to the produc- 
tion of radio crystals. The booklet 
gets its title as a mean for desig- 
nating the facilities of the com- 
pany to manufacture crystals with 
great precision. The brochure also 
mentions how this one manufac- 
turer now makes more accurate 
production -line crystals in a week 
than the whole country made in a 
year before the outbreak of hos- 
tilities. 

ELINCO Type PM-2D.C. Generator: Per- 
manent -Magnet field, ball -bearing equip- 
ped: flange or base -mounted. 21/4 outside 
diameter-weight 16 oz. 

oLiEECe ereaEhing 

Plaie! 
The exceptional demand for 
ELINCO motors and generators 
is very gratifying to us. It has 
been our consistent policy to 
maintain prompt shipments; to- 
day's increased demand, how- 
ever, is straining this policy to 
the utmost. In fairness to our 
customers, and to you, please 
submit your requirements in ad- 
vance, so we may schedule your 
orders, when received, for the 
best possible shipment. 

ELECTRIC INDICATOR CO. 
104 Parker Ave. Stamford, Conn. 

Per &ire' et 
AT 40 WATT LOAD 

UOLTAGE REGULRTED 

POWER SUPPLY 
Continuously adjustable 200 to 400 
volts D C Maximum output 200 ma. 
at 200 v. to 100 ma. at 400 v. Holds 
any output voltage within 1%, for all 
loads Panel meters show voltage and 
current Supplies 4 a. at 6.3 volts A C 

Outputs at safety jacks AC input 
and DC output fused. 

TECHNICAL APPARATUS CO. 
1171 TREMONT ST., BOSTON 20. MASS.. U. S. A. 
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OFFICIAL PHOTOGRAPH 

U. S. ARMY AIR FORCE 

b o01ß 2 00``i gg 

Bering into the sunset, this 
Mitchell has a rendezvous with 
danger. Armed to the teeth, and 
freighted with destruction, she 
will fight her way in to the "tar- 
get for tonight" and she will fight 
her way home again. She and 
her sisters have a deadly job to 
do, and radio will help them do it. 

Ground stators around the world depend 
heavily on t:?re WO receiver for depend- 
able comm ur kat ons with aircraft. 
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DRY AIR PUMP 
for Economical Dehydration of Air 

for filling Coaxial Cables 
This easily operated hand pump quickly and effi- 
ciently dehydrates air whererer dry air is required. 
One simple stroke of this pump gives an output of 
about 23 cubic inches. It dries about 170 cubic feet 
of free air (intermittent operation), reducing an 
average humidity of 60% to an average humidity of 
10%. The transparent main barrel comes fully 
equipped with one pound of air- drying chemical. 
Inexpensive refills are available. 

The Andrew Dry Air Pump is ideal for maintaining 
moisture -free coaxial cables in addition to having a 

multitude of other applications. 

Catalog describing coaxial cables mud accessories free 
on request. N rite for information on ANTENNAS 
and TUNING and PHASING EQUIPMENT. 

363 EAST 75th ST., CHICAGO 19, IL 

CINAUDAGRAPH SPEAKERS 

fier,bieeted Totia0/ 
fie 

Cinaudagraph speakers, Inc. 
3911 S. Michigan Ave., Chicago 

-Ya Jae e/tiade in alti 6#c/bid .. 

Insulated Wire. Specifications and 
properties of Sureo-American S -W 
flexible plastic insulated wire are 
contained in a pamphlet by Sur- 
prenant Electrical Insulation Co., 84 
Purchase St., Boston, Mass. The 
plastic is a specially constructed 
polyvinal compound. 

Trimmers, Capacitors, and Con- 
trols. Compact, stable capacitors 
easily adjusted by means of a screw- 
driver are described in Form 695 
Revised. It is devoted to a discus- 
sion of ceramic trimmers, and in- 
cludes construction, dimensions, 
specifications, drawings, and photo- 
graphs. 

Another bulletin, Form 630 Re- 
vised,_ contains ceramic tubular ca- 
pacitor dimensions and capacitance 
values, and color code charts. One 
section is devoted to an explann.tion 
of test equipment and controlled 
temperature compensation. It de- 
scribes correlation methods and re- 
sults of experiments. 

Controls, capacitors, trimmers, 
and switches are listed in Catalog 
No. 24. Copies of all three bulletins 
are available from Centralab Divi- 
sion of Globe -Union Inc., 900 East 
Keefe Ave., Milwaukee 1, Wiscon- 
sin. . 

INSULATOR FOR HIGH 
ALTITUDES 

Chocking dimensions of Prestite insulator 
used for terminal posts on capacitors fos 

aircraft equipment to prevent flashover as 
high altitudes. The insulator, a Westing- 
house product, holds up at altitudes of 
60,000 feet and resists temperature changes 
from 234 deg. above zero to 15 deg. below. 
The insulating material is a mixture c1 

clay, feldspar, and flint and can be solder - 
sealed to metal shield cans 
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This Aircraft Relay 
Is a Military Secret 

... But Here Are the Clues to Its Better Performance 

In wartime, we can't mention names or tell the 
story in full. But the facts are not without sig- 

nificance, even with many details omitted. 

One of the first types of aircraft relay to be 
accepted for military use was equipped with 
Mallory contacts. As planes improved, and greater 
performance was demanded, the relay needed 
further development. The manufacturer needed 
a better material-and, being pressed for de- 
livery, he needed it fast. 

Thanks to Mallory engineering research., it was 
possible to recommend a new material manu- 
factured by an entirely new metallurgical process 

-Elkonite* G-12. When this was backed with 
Mallory 3 Metal, the improved specifications 
were met. Production was started without a 

moment's delay because previous development 
had paved the way. 

Like the relay manufacturer of this story, many 
design engineers prefer to consult Mallory first 
-often while plans are still on the drawing 
board. They've learned that Mallory engineering 
saves time and money: that it frequently antici- 
pates tomorrow's trendsn- Why not bring your 
next problem to these same,engineers who, for 
over a period of twenty years, have earned for 
Mallory the name of "Contact Headquarters." 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 

'Etta.", ie the report.red trademark o) P. 8. Mallory & (: o., 1,o ., )or rlrr. trig, eontactinq J. anents 

For Liberty nod Justice for 
All-Ruy More Wor Ronda! 

ELECTRICAL CONTACTS AND CONTACT ASSEMBLIES 

NON FERROUS ALLOYS, POWDERED METAL PARTS 
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INSURANCE 
AGAINST 

COLD 

filri 'eV j'I 
HUMIDITY 

ii\-) i)JJ 

THERMATITE TREATED 

TH E RMADOR 
TRANSFORMERS 

Thermador Transformers are 
Thermatite treated to with- 
stand extreme temperatures 
and humidity-arid or moist 
heat-dry or damp cold do 
not hamper their efficiency. 
Thermatite is the name of a 
process of accurate heat con- 
trolled vacuum impregnation 
developed and improved over 
a period of ten years. 

Thermador also manufactures built-in Electric 
Heaters, Electric Ranges, Electric Water Heaters. 

TH ERMADOR 
Electrical Manufacturing Co. 

5119 S. Riverside, Los Angeles 

$ee'e« ¿eaqueo 4heaá. 

N. Y. Meetings 
(Continued from page 103) 

practical application of piston at- 
tenuation. The natural or exponen- 
tial law of attenuation in db, in re- 
spect to piston displacement, was 
demonstrated mathematically. 
Three forms of piston attenuators 
were covered; an electrostatic type, 
and the coaxial and coplanar elec- 
tromagnetic types. The last men- 
tioned type was recommended for 
its reliability. A trick used with it, 
at higher frequencies, is to provide 
coupling to the cavity of the sig- 
nal generator simply by placing the 
end of the attenuator at a hole in 
the cavity where the electromag- 
netic field is maximum. 

"Equivalent Circuits of Discon- 
tinuities on Transmission Lines", 
by J. R. Whinnery and H. W. 
Jamieson, showed experimental re- 
sults which not only proved the 
rules, but also illustrated with 
equivalent circuits methods of com- 
puting values of reflection result- 
ing from such discontinuities to 
well within the accuracy required 
by engineering. Mathematical 
proof of the underlying equiva- 
lences was beyond the scope of the 
presentation, but all practical types 
of discontinuities were shown to 
be analogous to the insertion of an 
admittance at the corresponding 
point in the circuit form of the line. 
The quantitative results were given 
in the form of equations with their 
graphs. 

Presented in Group A, the after- 
noon of the first day's session, were 
three papers of practical interest 
to designers of equipment circuits: 

The first of two papers on ex- 
tended studies regarding noise, was 
titled "The Modification of Noise 
by Certain Non-linear Devices", 
D. O. North presented in graphical 
form, a representation of the sta- 
tistical behavior of noise, after it 
has passed through a square -law 
rectifier, and also the same thing 
for a "linear" detector. The 
resulting output from the square - 
law detector, for an idealized rec- 
tangular noise input distribution, 
was particularly interesting. The 
audio component became a triangu- 
lar distribution, of the same band- 
width, but decreasing proportion- 
ately with frequency, while the r -f 
distribution became an isoseles tri - 

WIDE RANGE 
VACUUM TUBE 
VOLTMETERS 

High input impedance for both AC and 
DC measurements. 
Convenient, law capacity "Probe," es- 
pecially adapted to high frequency radio 
use -100 megacycles and over. 
Self-regulating operation from power 
line; no batteries. 
Multiple voltage ranges- accurate and 
stable. 

BULLETIN ON REQUEST 

ALFRED M. BARBER 
LABORATORIES 

34.04 Francis Lewis Blvd. Flushing, N. Y. 

1ICR0 DIMfNsioNa 
WIRE & RIBBON 
FOR VACUUM TUBES 

Complete range of sizes 
and alloys for Transmit- 
ting, Receiving. Battery 
and Miniature Tubes . . 

Melted and worked to 
assured maximum uni- 
formity and strength 

WIRES drawn to .0005" diameter 

RIBBON rolled to .0001" thick 

SPECIAL ALLOYS made to 
meet individual specifi- 
cations. Inquiries invited. 

Write for list of stock alloys 

SIGMUND COHN 
44 GOLD ST. e\ NEW YORK 

SINCE 1901 
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The Lost Battalion Had No Radios 
-ei '¡!, . i ,rriy +f '% 

li ui . ,. .l I r rd 
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o 

o 

Verdun 

S>. Mlhel 

1918... Surrounded by Germans in the Argonne 
Forest, the 55o men of the Lost Battalion were 
reduced to 194 before rescue came. Communications 
were one-way by carrier pigeon. 

1744... Today, in the thickest jungles, in the 
remotest outposts, in the air and on the sea, messages 
are exchanged in a split second-distance is annihi- 
lated- thanks to radio and electronic products. 

o 
Metz 

Lenti 
SENTINEL Equipment contributes to the effectiveness 

modern radio communications and the prominent part radio 

is playing achieving victory for the United Nations. Management, 

engineering and production staffs of Sentinel Radio Corporation 
are proud of their equipment as it serves on global fronts. When 
victory comes, distributors and dealers of Sentinel radio and 

electronic equipment will profit by supplying a long denied demand. 

SENTINEL RADIO CORPORATION 
2 0 2 0 RIDGE A V E N U E, E V A N S T O N, ILL. 
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9t4alig 
VIBRATION 
RESISTING 

Shutter Type 

PILOT LIGHT 
Gothard #431 Pilot Light is 
used in aircraft, ships, tanks, 
signal and similar applica- 
tions where vibration is an 
important factor. Precision, 
snug fitting jewel and lens 
holder maintains set position. 
90° rotation of shutter pro- 
vides gradation of light from 

bright, thru intermediate glows, to dim glow, or total dark. 
Faceted or plain Jewels. Also available with polarized lens. 
Red, green, amber, blue or opal lense. 

MANUFACTURING COMPANY 
1310 N. NINTH STREET SPRINGFIELD, ILL. 

Xz7ot O 
"MERIT" N2 

7cKe a Pazteci 
... PARTS manufactured ex- 
actly to the most precise 
specifications. 
Long manufacturers of com- 
ponent radio parts, MERIT 
entered the war program as 
a complete, co-ordinated 
manufacturing unit of skilled 
radio engineers, experienced 
precision workmen and 
skilled operators with the 
most modern equipment. 
MERIT quickly established 
its ability to understand 
difficult requirements, quote 
intelligently and produce in 
quantity to the most exact- 
ing specifications. 
Transformers-Coils-Re- 
actors-Electrical Windings 
of All Types for the Radio 
and Radar Trade and other 
Electronic Applications. T- -:-- c c -z- - 

Since 1924 

MERIT COIL & TRANSFORMER CORP. 
311 North Desploines St. CHICAGO 6, ILL. 

angle whose base was twice the 
bandwidth, with the apex at dou- 
ble the carrier frequency. 

"Experiments Relating to the 
Statistical Theory of Noise", by 
C. M. Burrill, followed with a dis- 
cussion of the proof of the formula 
p = exp (- Az/BE"), where p is 
the probability that at any instant 
the amplitude, or instantaneous 
value of the noise envelope will ex- 
ceed the value A, and E is the in- 
stantaneous value of the envelope, 
applying where the noise has been 
passed through a selective circuit 
which limits the band of the noise 
spectrum in respect to its mean 
value. This leads to the fact that. 
if the bandwidth is made suffi- 
ciently small, the effect of variation 
in the envelope is negligible over 
periods as long as one -eighth of a 
second. It is consequently possible 
to perform the measurement of 
noise in such a narrow band, over 
this period of time, within accu- 
racies of the order of one percent. 

The criterion for motorboating 
of oscillator circuits was presented 
by W. A. Edson in his paper "In- 
termittent Behavior of Oscillators". 
Using the well-known feed-back 
representation of the 41 vector for 
a closed system, in terms of the 

SHOWN AT IRE 

Originally designed for cavalrymen, 
with the bottom of the antenna fitting 
into a saddle boot, this guidon radio is 
also used by other troops on the ground 
or on the bumper of an army vehicle 
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"gzea(e that Voteteetecd7" 
Eliminate the slow -down of fumbling around hard -to -get -at spots on assemblies. Here is where the 
CLUTCH HEAD Lock -On feature, uniting screw and bit as a unit, substitutes seconds for minutes ... reduces 
haphazard groping to a speedy, simple, and certain operation by permitting one -handed reaching and 
driving from any angle. This frictional lock is instantly obtained with a reverse turn of the Assembler's 
Bit in the recess of the CLUTCH HEAD Screw. The hold is definite; yet it is automatically released when 
the screw is turned for the drive home. So, too, in field maintenance, this CLUTCH HEAD Lock -On feature 
bypasses the bottlenecks to save time by simplifying repair and adjustment operations. With a Center 

Pivot r, si find ia wravCH 
HEAD 

han 
Screwsd 

d 
foriver re-useerv, 

ce 
unmendamagedt ndsy heldto seithdcurelyw agaiandnstsa 

e 
droppinCLUTg 

and loss. Similarly, the long reach through the bottleneck frequently saves 
the dis -assembling of surrounding units for access to points beyond. 

f; 

Would you care to personally inspect and test the many exclusive advan- 
tages of CLUTCH HEAD Screws? Then let us send you package assortment 
along with sample Center Pivot Bit and fully illustrated Brochure. 

This is the only modern screw opera- 
tive with Assembler's Bit or ordinary 
type screwdriver. It is available 
in Standard and Thread -forming 
types for every purpose... with 
features that contribute defi- 
nitely to smoother and lower 
cost assembly line operation. 

Note the economy of this rug- 
ged Center Pivot Assembler's 
Bit. It delivers a longer 
uninterrupted spell in opera- 
tion and requires only a brief 
application of the end sur- 
face to a grinding wheel to 
restore its original efficiency. 

UNITED SCREW AND BOLT CORPORATION 
CHICAGO CLEVELAND NEW YORK 
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PORTABLE POWER 

PROBLEMS 
No. 4-Veneer Drying Control 

Phoro - Plen000d, lec. 

FAMOUS ALL -WOOD 
"MOSQUITO" of the 
Royal Air Force is 

of tough, durable wood veneer - made 
to a rigid engineering specification. The 
physical characteristics of this veneer 
must be as uniform as metal. Most vital 
step in production is the drying where 
precision control of moisture content 
assures its stability and strong cell struc- 
ture ... guarded by electronic moisture - 
meters powered by Burgess batteries. 

SPECIAL-PURPOSE BATTERIES have always 
been a specialty of Burgess engineers. 
Puzzling problems of size and operating 
characteristics dissolve in their expert 
hands ... your problem will be welcomed. 

FREE.. ENGINEERING HANDBOOK 

80 -page manual of basic data and char- 
acteristics of dry batteries for all electronic 
applications. Tabbed for ready reference. 
Write Dept. 9 for free copy. Burgess: 
Battery Company, Freeport, Illinois. 

BURGESS BATTERIES 

vector ratio between output volt- 
age and input voltage (which can 
be determined experimentally), he 
first reviewed the criterion that 
some kind of oscillation will ensue; 
namely, that the point on the vector 
plot should include the point 1,0. 
He then showed that the same 
criterion applied for whether an 
oscillating system will behave with 
intermittent operation, when the 
vector diagram is plotted for the 
voltage ratio with a small amount 
of superimposed modulation trans- 
mitted around the loop. When the 
condition obtains, the modulation 
envelope is amplified and the sys- 
tem is capable of self -oscillation. 
He further pointed out that separ- 
ate components comprising an os- 
cillating circuit are the gain, tun- 
ing, and limiter devices. Three 
types of limiting devices, the lamp - 
ballast bridge, the diode rectifier, 
and the overloaded gain section, 
were discussed, with attention on 
means of establishing the highest 
conditions of frequency and ampli- 
tude stability by proper application 
of control. 

The technical session by Group 
B, at this time, was devoted to 
problems of Plane Electromagnetic 
Waves, dealing with four papers 
summarized here : These were, 
"Transmission Line Analogies of 
Plane Electromagnetic Waves", by 
Dr. Arthur B. Bronwell of the 
Technological Institute, North- 
western University, and three pa- 
pers presented by J. F. McAllister, 
Jr. of the General Electric Co., who 
read in summary form "Equivalent 
Circuit of the Field Equations of 
Maxwell", by Gabriel Kron, "A New 
Approach to the Solution of High - 
Frequency Field Problems", by J. 
R. Whinnery and Simon Ramo, and 
"Network -Analyzer Studies of Elec- 
tromagnetic -Cavity Resonators", 
by J. R. Whinnery, C. Concordia, 
W. Ridgway. and Gabriel Kron. 

The four papers presented at this 
Friday afternoon session may be 
regarded as presenting field prob- 
lems in such a manner as to enable 
them to be studied as circuit prob- 
lems. One of the requisites for 
treating field problems as circuit 
problems of only moderate com- 
plexity, is that the electromagnetic 
field is assumed to vary in only two 
dimensions, or to extend to infinity 
without variation in the third di- 
mension. This requirement was 

RADIO and 

TELEGRAPH 

KEYS 
TELEGRAPH KEYS TO SIGNAL 

CORPS SPECIFICATIONS 

Types now in production in- 
clude: 

J -I2 J-38 
J -I8 J-40 
J-28 J -4I -A 
J-29 J-44 
J-30 J-45 
J -3I J-46 
J-33 J-47 
J-37 J -48-A 

Ask for details and 
quotations 

THE WINSLOW COMPANY 
INC OPPOPAiED 

9 Liberty Street, Newark, N. J. 

DUPLICATING end PROFILING 

AUTO ENGRAVER 
Accurate Engraving 

with Unskilled Operators 
Unskilled operators will profile or accurately 
reproduce in smooth lines any design, num- 
ber, letter, emblem, signature; on iron, brass, 
copper, aluminum, soft steels and all plastics. 
Here are some of its other uses ... 

Drills a series of holes, or profiles small 
parts. 
Cuts an even channel for wiring on panels. 
Increases accuracy and production. 
Works from original drawing or templates. 
Etches glass and similar items. 
Will not cause distortion. 

For complete information on this and other 
models and prices write Dept. K. 

AUTO ENGRAVER CO. 
1776 BROADWAY, NEW YORK 15 
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How RAYTHEON VOLTAGE STABILIZERS 

Assure Dependable Operation of 

Precision Equipment 

CONSTANT AC OUTPUT VOLTAGE 
Raytheon Voltage Stabilizers control fluctu- 
atin9 input voltages and hold constant 
output voltage to I 2c1,. 

WIDE AC INPUT VOLTAGE LIMITS 
Raytheon Voltage Stabilizers will stabilize 
input voltages varying from 95 to 130 volts. 

QUICK RESPONSE 
Raytheon Voltage Stabilizers stabilize the 
varying input voltage within 2 cycles. Varia- 
tions cannot be observed on an ordinary 
volt meter. 

ENTIRELY AUTOMATIC 
Raytheon Voltage Stabilizers are entirely 
automatic in operation. They require no 
adjustments or maintenance. 

NO MOVING PARTS 
Raytheon Voltage Stabilizers have no mov- 
ing parts ... Nothing to wear out, thus 
assuring long life. 

ENDBEIL MODEL 

SEND FOR THIS NEW BULLETIN . ,. 

It contains a complete description of how 
the stabilizer operates, its advantages, per- 
formance curves, dimensions and other pertinent 
facts. Simply request Bulletin DL 48-537 and 
your copy will be promptly mailed. 
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QUICKLY APPLIED LABELS ENABLE YOU TO 

/i 

WIRES ON ELECTRICAL INSTALLATIONS 
EFFICIENTLY, EFFECTIVELY, INEXPENSIVELY 

There is an E -Z Code Label for every elec- 
trical and electronic assembly; for maintenance 
and repairs. They speed production, save man 
hours, reduce costs. Of flexible, durable mate- 
rial, with transparent coating. Ready to apply 
-no moistening necessary. In standard code 
numbers or "tailor made" with special symbols 
or colors for specific requirements. Used by the 
biggest names in the electrical world. 

Send for samples and price list. Give pri- 
ority, whether under MRO or numbered war con- 
tract and whether for assembly or maintenance. 

WESTERN LITHOGRAPH COMPANY 
600 E. Second St., Los Angeles 54, Calif. 

Bayside, L. I., N. Y., Chicago 
Kansas City, Mo., Marion, Ohio 

E"Ie9d9LABELS 
QUICK - EASY TO APPLY AND READ 

SIMPLE AS 

A B C 
READY TO USE 

/EEL OFF STRIP 

,. 

WRAP . AROt1ND._W IRE. 

EACH WIRE CODED 

SEALED 
HERMETICALLY 
A completely new Peerless design for 
a vacuum -tight, moisture -proof trans- 
former. Can be produced in any de- 
sired size or capacity to customer's 
specifications. 

The West's Largest Plant Devoted Exclu- 
sively to the Production of Fine Transformers 

PE älLE 55 ELECTRICAL PRODUCTS CO. 

6920 McKin ey Avenue, Los Angeles 1, Califo-ria 

mandatory in the type of problem 
presented by Dr. Bronwell. and was 
employed for simplicity in the pa- 
per delivered by Mr. McAllister. 

Dr. Bronwell presented the two- 
dimensional field equations for 
plane electromagnetic waves, to- 
gether with the current and voltage 
equations for a transmission line. 
It was shown that the voltage equa- 
tions for the transmission lines 
were analogous to the electric field 
equations for the plane electromag- 
netic waves, whereas the equations 
for the current in a transmission 
line are comparable to the magnetic 
field equations for the analogous 
case. 

Mr. McAllister summarized the 
work reported in the three G -E 
papers mentioned above. The 
mathematical complexity of solving 
Maxwell's field equations for all 
but the most simple or symmetrical 
boundary conditions points to the 
desirability of studying electro- 
magnetic field problems experi- 
mentally by means of a network 
analyzer. In order for such an ex- 
perimental procedure to be pos- 
sible, it is first necessary to estab- 
lish the type of electrical circuit 
which is equivalent to the three-di- 
mensional electric and magnetic 
fields of free space. Theoretical 
analysis by Dr. Gabriel Kron shows 
that Maxwell's electromagnetic 
equations treat field phenomena in 
the same manner in which Kirch- 
off's laws deal with electric circuits. 
Moreover, it has been shown that 
each elementary volume of free 
space of homogeneous, isotropic 
medium can be replaced by an 
equivalent electrical circuit in three 
dimensions, each mesh of which ap- 
pears as a series inductance and 
shunt capacitance, as in a low-pass 
filter. For simplicity of explana- 
tion, only two-dimensional electric 
circuit equivalents of two-dimen- 
sional field problems were dis- 
cussed. 

Based on the analytical work of 
Kron, J. R. Whinnery and Simon 
Ramo showed the application of the 
equivalent electric circuit to the so- 
lution of electromagnetic field prob- 
lems through the use of a network 
analyzer. A properly designed and 
operated network analyzer could be 
made to replace a volume of free 
space, and the voltage and currents 
readings of meters in the electric 
network are related to, and can be 
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The HEART 
of the installation 
is a Telechron motor! 

This is the Control Room of a petroleum refinery, which is busy making avia- 
tion gasoline and butadiene for synthetic rubber. 

These instruments accurately control temperature, pressure, flow and level of 
liquids and gases in many processes. And back of every round -chart instrument is 
a sturdy, synchronous Telechron motor. 

Automatic instrument control is absolutely essential in a complex chemical 
plant like this refinery. It is possible there - and in many other fields - because 
Telechron motors are so dependable, accurate and adaptable. 

As the world's largest and oldest makers of synchronous motors for instru- 
mentation, we've run into almost every industrial application imaginable. We 
have motors from 12 to 250 volts for all commercial frequencies and from 1 to 
1800 rpm. They are easily adapted to almost any industrial application, including: 
Timing Recording Signaling Gaging 
Controlling Switching Fixed Process Controlling Regulation 
Metering Cycling Operations Measuring Communications 

If you're puzzled by some timing, recording or control job that 
do, let's sit down and work it out together. 

our motor might 

REG. U. S PAT. OFF. 

WARREN TELECHRON COMPANY, ASHLAND, MASSACHUSETTS 

MAKERS OF TELECHRON ELECTRIC CLOCKS AND SYNCHRONOUS MOTORS 
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CI 
ce-ti7lr 4ta1y 

BUTTON TYPE. FLAT OR STEPPED TYPE 

SQUARE, OBLONG AND ROUND 

CLOSEST TOLERANCES 

EXCELLENT FINISH 

MINIMUM LAPPING 
GREAT SAVINGS IN MAN HOURS 

AND COSTS 

PROMPT DELIVERIES 
Send for full information 

Oeutegeevatparty 
UNION, NEW JERSEY 

Large:or small quantities. Produced to your specifi- 

cations. Precision machining, stamping and forming 

all plastics. No molds required. Send your blueprint, 

or write for bulletin. 

interpreted in terms of the electric 
and magnetic field intensity, re- 
spectively, of that region of free 
space which the network repre- 
sents. Thus, provided a sufficiently 
elaborate network analyzer is avail- 
able, electromagnetic field problems 
may not be treated and studied as 
circuit problems. 

The network analyzer of the 
General Electric Co. has been ap- 
plied to the study of some two-di- 
mensional electric field problems, 
as shown by Whinnery, Concordia, 
Ridgeway, and Kron. The example 
chosen for illustration was that of 
a rectangular wave guide having a 
90 degree bend. Both the theoreti- 
cal and the network -analyzer cir- 
cuit solutions for this type of guide 
were given. In general, the two 
methods agreed to within less than 
10 percent. This agreement was 
considered quite good considering 
the fact that only forty-nine meshes 
were available for illustrating this 
two-dimensional field problem; 
greater precision could undoubt- 
edly have been attained had more 
meshes been available to represent 
the field within the wave guide. 

The Friday afternoon session 
was concluded with a group of 
thirteen speakers covering "The 
Work of the Radio Technical Plan- 
ning Board." 

Saturday IRE Sessions 

The Saturday morning session 
opened with the presentation of 
two papers covering related serv- 
ice problems, followed by a FCC 
symposium, which closed the ses- 
sion. 

"Design Technique for Service 
Requirements", by I. W. Stanton, 
discussed various methods of es- 
tablishing effective policies insur- 
ing proper performance of home 
radio receivers. 

Arthur Stringer of NAB fol- 
lowed up with his paper, "Radio in 
Service of Home and Nation". 

Dr. Wheeler, presiding over the 
symposium on "Engineering Work 
of the Federal Communications 
Commission" introduced FCC 
speakers. E. K. Jett, Chief Engi- 
neer, listed the problems that lie 
ahead ; broadcast, maritime, avia- 
tion, police, point-to-point, and allo- 
cations. He extended a compliment 
to both the RMA and the IRE for 
their cooperation in the formation 
of the RTPB. He outlined needed 
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4 
BRAND 

RESISTORS 
Globar Brand Resistors, built to speci- 

fications, tabulated below, will reduce your 
production costs, improve the performance 
of your circuits, help take the headaches 
out of your service department and 
strengthen your reputation for quality 
devices. 

A resistor is essentially an energy dissipa - 
tor and as such it should be rugged. Since 
the demands of electronic circuits are 
quantitatively exacting, a resistor should 
be electrically and mechanically stable so 
that it will retain indefinitely its estab- 
lished resistance value at normal loading. 
A good resistor should withstand, without 
suffering a permanent change in resistance, 
the maximum accidental over -voltage to 
which it might be subjected in service. 
Moreover, it should be free from micro - 
phonic effects, inductance and capacity. It 
should have a comparatively straight line 
temperature and voltage characteristic and 
it should not be affected by humid atmos- 
pheres. 
Globar Brand Resistors are built to 
meet these requirements. 
This company was one of the first manu- 
facturers of electronic resistors and today 
Globar Brand Resistors, steadfast against 
abuse, are serving as precision weirs in the 
electron arteries and capillaries of elec- 
tronic circuits throughout the world. A 
trial in your electronic circuits will serve 
to verify these claims. 

PHYSICAL AND ELECTRICAL SPECIFICATIONS 

TYPE "A" RESISTORS 

PART 

NUMBER 
WATT 

RATING 
RESISTANCE 

RANGE 
OVERALL 

LENGTH 

OVERALL 

DIAMETER 

9974 1/5h 
4.7150 MegoOmshmsto 

41 
64 

, 

/64 

763-A 1/4 47 Ohms to 
15 Megohms 

5 /z X32 

759-A 1/2 33 Ohms to 
15 Megohms 3/4' 1/4" 

766-A 1 
47 Ohms to 
15 Megohms 1 

1 /e t /4 

792-A 3 
22 Ohms to 
150,000.Ohms 7 7/B 

15/32 

774-A 5 
33 Ohms to 

225,000 Ohms 25/B 15/32" 

TYPE "CX" RESISTORS 

997 C 1/4 
1 to ISO Ohms 2144" 7/64 

763-CX 1/2 Ito 47 Ohms 1/2" 7/32" 

759-CX I 1 to 33 Ohms ' 3/4 1/4 

766-CX 2 Ito 47 Ohms 11/2 
" 

792-CX 4 1 to 22 Ohms 17/8 15/32 

774-CX 6 Ito 33 Ohms 2 5/g" 15/37" 

STANDARD RESISTANCE (Tolerances - 10% - 20%) 
ALL RESISTORS COLOR CODED According to R. M A. Standards. - 

ORDER BY PART NUMBER, RESISTANCE VALUE AND TOLERANCE. 

Globar Divi,cion 

THE CARBORUNDUM COMPANY 
REG- U... PAT- OFF, 

NIAGARA FALLS, N. Y. 

',andº m 
borundum and Globar are registered trade -marks ori 
indicate anufacture by The CarI,nrundum Company 

information; on - propagation, field 
strength, field patterns, power, 
frequency stability, bandwidths, 
and modulation methods, from 
broadcasters; and sensitivity, se- 
lectivity, frequency stability, and 
noise levels of receivers, adding 
that unless such information is ob- 
tained, and communications engi- 
neers are prepared to give authen- 
tic testimony, that FCC planning 
will have to be done on pre-war 
standards. He touched closely on 
the state of the art to be expected 
by 1950, emphasising the acute 
problems of available channel space 
and the pertinent questions of re- 
lay network systems in determin- 
ing the future of communication 
in this country. He gave assurance, 
however,, that there would be ade- 
quate space provided to allow for 
all of the pending developments. 

Mr. G. P. Adair, assistant to Mr. 
Jett, followed with "Timely Broad- 
cast Matters", enlarging more spe- 
cifically on the details of special 
FCC studies. 

"Police, Aviation, and Maritime 
Services" was presented by W. N. 
Krebs, Chief of the Safety and 
Special Services Division. He 
opened with the consideration that 
his subject had international as 
well as domestic aspects. If there 
are going to be standards by which 
international maritime and air 
services are to function after the 

TUBE WALKIE-TALKIE 

Operating a walkie-talkie widely used 
by infantry troops in front lines. The 
outfit, shown at the IRE meeting, in 
New York, weighs 30 lbs. with bat- 

teries and contains 18 tubes 

MICA 
CAPACITORS 

SANGAMO 
ELECTRIC COMPANY 
SPRINGFIELD, ILLINOIS 

Small Stampings-made in steel, 
brass, bronze, other metals and 
alloys; any quantity, for various 
mechanical applications. Modern 
heat -treating facilities. Spot Weld- 
ing and tapped assemblies. 

Send in your prints For quota- 
tions and inquiries For Further 
information on STAMPINGS- 
SPRINGS-WIRE FORMS. 

M. D. HUBBARD SPRING CO. 
135 Central Ave. Pontiac 12, Mich. 
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MODEL 3C0 
ELECTRON C 

VOLTME-ER 

MODEL 4-02 
MULTI=LIER 

BALLANTINE 
AC VOLTMETER 

MODEL VP -5 
VIBRATION PICKUP 

0.00002 TO 10,000 VOLTS 

This enormous range of voltages- 
five hundred million to one -1s accu- 
rately covered by our Model 300 Elec- 
tronic Voltmeter and some of the 
accessories shown above. Frequency 
range 10 to 150,000 cycles. Accuracy 
2% over most of the range. AC opera- 
tion. Five decade ranges with loga- 
rithmic scale make readings especially 
easy. Uniform decibel scale also pro- 
vided. May also be used as a highly 
stable amplifier, 70 DB gain, fiat to 
150,000 cycles. 

Although deigned foil the usages of 
peace housands of torse instruments 
are now reneering consl*icaotts wartime 
service in Gurernment. eor niercial and 
university laboratories-, factories and 
maintenance iepots all over the world. 

MODEL 220 
DECADE AMPLIFIER 

BALLANTINE 
LABORATORIES, INC. 

BOONTON, NEW JERSEY 
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SHOCK -PROOF, COMPACT RELAYS u ÍaKh P nffaxce,/ 
These small, compact SP relays are designed to give outstanding 

performance where a general purpose relay with the ability to 

withstand shock and vibration is needed. Ideal for use in commu- 

nication equipment of all kinds, radio equipment, aircraft equipment 

and other essential applications. Available in both AC and DC types. 

WRITE FOR NEW DESCRIPTIVE CATALOG 

Here, at Doolittle, we are coordinating 
every effort and skill to help provide the 
communications equipment so essential for 
\jictory. This will mean better peace -time 

communications after our battles are won. 

To Assure Victory 
Buy More U. S. War 
Bonds and Stamps Builders o) Precision Radio Communications Equipment 

7421 S. Loomis Blvd., Chicago, U. S. A. 

war, there will. be difficult accom- 
panying problems to be agreed 
upon. 

The symposium was concluded by 
P. F. Siling, Chief of the Interna- 
tional Division, who spoke on "In- 
ternational Point -to -Point Prob- 
lems". He related briefly the in- 
terests and functions of the inter- 
national division, its particular in- 
terest being preparatory work in 
drawing up treaties at interna- 
tional conferences. Bearing upon 
the fact that the available space in 
the spectrum for such communica- 
tion services is completely filled up, 
he outlined a number of possible 
schemes to alleviate the situation. 
He looked to the vhf range, and 
also to the narrowing of band- 
widths-taking advantage of sin- 
gle -side -band services. He noted 
the interesting fact that using two- 
tone f -m telegraph, that 900 words 
per minute could be handled over 
9 channels on a 5 kc bandwidth. 

The IRE winter meeting con - 
chided with three papers discuss- 
ing wartime and postwar problems. 

R. A. Hackbusch, presenting 
"Radio Progress in Canada", de- 
scribed the progressive expansion 
of radio service to meet the war- 
time needs of that country, includ- 
ing description of the dovetailing 
of Canadian production with that 
of the United States. Canadian 

DIRECTION FINDER 

Captured Jap direction finder, type 94, 

exhibited by Signal Corps at IRE win- 
ter meeting, is adjusted by Harry L. 

Landau, engineer in charge of Signal 
Corps department that examines and 

tests captured equipment 
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Meeting ReQuiYements ot Television, 

FM, and Ctitical llectYonic Functions . - 

' , - ,'J,liJ,% i[iJ1 11 l 
p 'Types ypes and 186S capacitors are design ed for ultzahigh- 

fqueen 
-y 

applications p3züculaz ly in television and Flii transmitting 

equipment, 
also critical electronic functions, operating at high 

frequencies. 
Readily adaptable for use as fixed -tuning, by-pass, block- 

ing , 
neutraliiz.ng 

and antenna -series capacitors. 

refined sulphur dielectric 

extremely low due to highly 
unique design and ie ect is 

Losses are avoided by the uniq 

used. Corona losses frequen- 

cies, 

case, and insulated termina her op 
lion, g into the higher 

capacitors. 
OUT requirements 

reach up 
ovox X3 -1-1-i' 

when y ir.d these two A 

cies, just beat in m 
L 1T ER AT V R>v 

WR1TE FOR 

Type 1860 (see photo and above 
drawing has suitably plated brass 
terminal mounted in mica insulat- 
ing plaie. Dimension A is from 2 

to 316' 

10,000 tesi volts eff. .00001, 
.000025 and .00005 mfd.; 5000 v., 
.00005 mfd. 

Catalog lists maximum current in 
amperes at operating frequencies 
from 1000 KC. to 75 MC. max., for 
both types. 

9/k DIA. 
2 HOLES 

x/420 
THREAD 

Type 1865 (no photo, but see draw- 
ing above) differs in the use of 
cast -aluminum case and steatite 
insulator to support terminal and 
withstand higher voltages. Dimen- 
sion A is from 2-11/16 to 6-11/16". 

Tolerance for both types, plus/ 
minus 10°'o standard. Available in 
closer tolerances. Minimum toler- 
ance, plus/minus 2 mmf. 

INDIVIDUALLY TESTED 

AEROVOX CORPORATION, NEW BEDFORD, MASS., U. S. A. SALES OFFICES IN ALL PRINCIPAL CITIES 

Export: 13 E. 40 ST., NEW YORK 16, N. Y. Cable: `ARLAB' Io Canada: AEROVOX CANADA LTD., HAMILTON, ONT. 
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INSULATING 
VARNISHES 

to meet all 

coil requirements 
No matter what type of coil you 

manufacture, you will find a 
DOLPH Insulating Varnish to 
meet your requirements. Through 
our vast experience we have de- 
veloped several hundred different 
varnishes and each grade is for- 
mulated to do a specific job. 

Perhaps you do not know just 
what varnish to specify for treat- 
ment of your new units. As we 
maintain laboratory service, we 
are confident that we can help you 
with your problem. There is no 
obligation, so why not let us 
assist you? 

JOHN C. DOLPH COMPANY 
buta.,.eg Vareis, Specialists 

169.A Emmet St., Newark, New Jersey 

radio production, he state d, 
amounted to $250,000,000 in 1943 
as compared with $100,000,000 in 
1942; while the number of persons 
employed in the industry was 300,- 
000 in 1939 and 940,000 in 1942 and 
1,100,000 in 1943. 

T. M. Liang of the Chinese Sup- 
ply Mission, discussed "Peace, War 
and the Future Application of Ra- 
dio in China". After the war it is 
estimated that there will be needed 
for reconstruction in China 110,000 
civil engineers, 45,000 mechanical 
engineers and 15,000 electrical en- 
gineers. 

Commander A. B. Chamberlain, 
USN, revealed the immense im- 
portance of "Standardization of 
Service Equipment" in the current 
production program. 

AIEE Technical Sessions 

AIEE events began on Monday 
Jan. 24 and ran through Jan. 28, 
overlapping the IRE program by 
one day, with all technical sessions 
being held in the Engineering 
Societies Building. 

The Edison Medal was presented 
to Dr. Vannevar Bush at the morn- 
ing meeting on Jan. 26, "for his 
contribution to the advancement 
of electrical engineering, particu- 
larly through the development of 
new applications of mathematics to 
engineering problems, and for his 
eminent service to the Nation in 
guiding the war -research pro- 
gram." 

At the joint IRE-AIEE session 
the evening of Jan. 27, Major Gen- 
eral Roger B. Colton of the Signal 
Corps was the principal speaker, 
his subject being "Enemy Army 
Communications Equipment". He 
presented a detailed description of 
captured enemy radio and wire 
equipment, and made performance 
comparisons to show that the Sig- 
nal Corps of the U. S. Army is ob- 
taining from American manufac- 
turers the best communication 
equipment in the world. German 
radio equipment, General Colton 
pointed out, is of excellent mechan- 
ical design and embodies a high 
degree of standardization of com- 
ponents and chassis designs. 

AIEE technical papers were 
largely devoted to purely electrical 
subjects, but a few were devoted to 
electronic subjects of interest to 
electrical engineers. One was "Po- 
larized Light Servo -System", by 

NOW 

a really high-powered 

RADIO 
ENGINEERING 

LIBRARY 

Note: 
The Library comprises 
a selection of books 
cul led from leading 
McGraw - Hill publica- 
tions in the radio 
field. 

i 

especially selected by radio speelalists of 

McGraw-Hill publications 

to give most complete, dependable cov- 

erase of facts needed by all whose fields 

are grounded on radio fundamentals 

r). available et a special price and terms 

These books cover circuit phenomena, tube 
theory, networks, measurements, and other 
subjects-give specialized treatments of all 
fields of $aracttcal design and application. They 
are books of recognized position in the litera- 
ture-books you will refer to and be referred 
to often. If you are a practical designer, re- 
searcher or engineer in any field based on radio 
you want these books for the help they give in 
hundreds of problems throughout the whole 
field of radio engineering. 

5 volumes, 3559 pages, 2558 illustrations 

Eastman's FUNDAMENTALS OF 
VACUUM TUBES, 2nd edition - 

Terman s RADIO ENGINEERING, 2nd 
edition 

Everitt's COMMUNICATION ENGI- 
NEERING, 2nd edition 

Hund's HIGH FREQUENCY MEASURE- 
MENTS 

Henney's RADIO ENGINEERING HAND- 
BOOK, 3rd edition 

SPECIAL LOW PRICE EASY TERMS 
Special price under this offer less than cost 

of books bought separately. In addition, you 
have the privilege of paying in easy -install- 
ments beginning with $L00 in 10 days after 
receipt of books and $3.00 monthly thereafter. 
Already these books are recognized as standard 
works that you are bound to require sooner or 
later. Take advantage of these convenient 
terms to add them to your library now. 

FOR 10 DAYS EXAMINATION SEND THIS 

ON -APPROVAL COUPON 

McGraw-Hill Book Co., 330 W. 42 St., N.Y.C. 18 

Send me Radio Engineering Library for 10 days' 
examination on approval. in 10 days I will send 
$3.00 plus few cents postage, and $3.00 monthly 
till $24 is paid, or return books postpatd. (We 
pay postage on orders accompanied by remittance 
of first Instailment.) 

Name 

Address 

City and State 

Position 

Company I. 3-44 : 
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LESS 
HEADROOM 
REQUIRED 

for THIS RELAY... 
The WARD LEONARD Midget Metal Relay measures only 11/4" 

in height. Its sturdy design permits continuous service on stand- 

ard AC and DC voltages up to 110-115 V. This double pole, 

double throw relay has the silver -to -silver contacts, charac- 

teristic common to all Ward Leonard Relays. 

R_ Relay Bulletins 

Bulletins are available describing light, intermediate and 

heavy duty relays in various contact combinations, high 

voltage relays, metal and molded base midgets, aircraft 

power relays, transfer relays, sensitive relays, thermal 

and motor driven time delay relays, latch -in relays, and 

various types of radio relays. Send for the data bulle- 

tins of interest to you. 

WARP LEONARD 
RELAYS RESISTORS RHEOSTATS 

Electric control (WL) devices since 1892. 

WARD LEONARD ELECTRIC COMPANY, 32 SOUTH STREET, MOUNT VERNON, NEW YORK 
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Pyroferric 
powdered m precision instrument 

development. 
metal cores have kept pecificafion: Purent. They are amenul'a 

firmed HIGH 
RESISTANCE desired 

FREQUENCY 
MEDIUM 

Consul} P E W Yroferric 
on MEDI 

your Powder Metallurgy 
re 

Lam. -quirººs 

EISLER ELECTRONIC EQUIPMENT 
98% Of All American Radio Tube Makers Use EISLER Equipment 

GLASS CUTTERS STEM MACHINES SEALING MACHINES 
sr. r 

No. 11 -TU 

BUTT WELDERS 

No. 95-1. No. 93 

EISLER ENGINEERING CO. 
751 SO. 13TH STREET (Near Avon Ave.) NEWARK, 3, N. J., U. S. A. 

No, 23 -BL 

We manufacture several hun- 
dred different types of ma- 
chines for the Electronics in- 
dustries. Also a complete line 
of special transformers and 
spot welders up to 500 KVA. 

WRITE FOR COMPLETE DETAILS 

No. 57-BTE 

SPOT WELDERS 

CHAS. EISLER 

T. M. Berry of General Electric, 
describing a system utilizing photo - 
tubes and polarized light beams to 
amplify small forces or torques. 
Another paper, "Aircraft Signal 
Systems", by Raymond A. Rugge 
of Curtiss-Wright Corp., described 
photoelectric dimming devices for 
cockpit or control room signal 
lamps, to adjust brilliance of lamps 
automatically to correspond to the 
natural light present. 

FMBI Convention 

At the FMBI meeting, several 
speakers voiced the need for ex- 
pansion of the present F -M band to 
include the frequency range be- 
tween 42 and 56 Mc. The group for- 
mally recorded its position favor- 
ing retention of the present F -M 
band and assignment of an adja- 
cent band to F -M. The RTPB has 
had this recommendation under 
consideration. Further impetus to 
this movement was given by edu- 
cators at the meeting, many of 
whom have recently climbed on the 
bandwagon of license applicants. 
They were warned several months 
ago by chairman Fly of FCC that 
channels for educational purposes 
would not be held open indefinitely. 

The program began with the 
president's report by Walter J. 
Damm, in which he traced the his- 
tory of F -M broadcasting from the 
early days, when it was called "ex- 
perimental high -frequency broad- 
casting with special emission." He 
included a description of the FMBI 
setup and disclosed that the asso- 
ciation now has 63 active members 
and 41 affiliate members. Of the 
latter group. 13 are not broadcast- 
ers, while 28 are firms or individ- 
uals that have not yet filed applica- 
tions for construction permits but 
intend to do so. Under the bylaws 
of FMBI, such affiliates become 
active members when notice is re- 
ceived that applications have been 
filed. 

A review of the legislative regu- 
lations that govern F -M broadcast- 
ing was given by Philip G. Loucks, 
legal counsel of FMBI. He stated 
that, while the FMBI has not taken 
a very active part in the legislative 
activities of the past year, that 
at the invitation of chairman 
Wheeler of the Senate Committee 
on Interstate Commerce, Dr. Arm- 
strong, Dr. Jansky, John V. L. Ho - 
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Type C -2B -IA (illustrit:J. - ievel- 
oped especially for air_räft use. Well 
adaptable to blower appIc2tion wi- 
der most adverse condi tats Designed 
for continuous duty to .p.ra a in high 
ambient tempera Lures (aril operate 
satisfactorily in a 90 :ntnicnt). Ball- 
bearing -equipped. BM t n an alumi- 
num die-cast housing. 1,10) H.P. 5, 
12, 24, or 115 volts DC; 115 volt: AC. 

Performance Record 
backs up your judgment when you select Oster motors 

This record is your assurance that you are dealing with a seasoned, 
dependable source - that you are not "taking a chance." ... Oster 
motors, used exclusively before the present war as original equip- 
ment on Oster motor -driven appliances, have helped to establish 
the world-wide reputation of these appliances - for fifteen years 
the recognized leaders in their field, widely used by the armed 
services and other departments of U. S. and foreign governments. 
... The same sound, conservative engineering - the same trained 
labor force and established precision standards - are behind the 
Oster motors now being built to power vital instruments and 
mechanisms in war planes and submarines ... Illustrated is type 
C -2B -1A, 1/100 H. P. model in current production; other Oster 
models up to 1/4 H.P. Let us help you fit this or other Oster motors 
to your requirements. 

John Oster Mfg. Co. of Illinois, Dept. E-11, Genoa, III. 
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Your future customers-whoever and 

wherever they may be-will be look- 

ing for you in the next edition of 

MacRaes. For advertising rates con- 

sult your agency or write Dept. G. 

MacRae's Blue Boo! 
A DIRECTORY OF AMERICAN INDUSTRY 

18 E. HURON STREET CHICAGO 
OFFICES IN PRINCIPAL CITIES 

JANETTE CONVERTERS are specially designed ipr use weh 

A.C. apparatus used in marine service. Electroric crevices used 

on ships, shore stations, as well as for domestic applicctioss. 
can be operated from a D.C. power supply, by c!ing r.liable 
Janette converters. Better deliveries can be made on 1913, 700 

and 500 voltampere, 115 volts D.C. to 1 phase, 60 c,nde III vclts 

A.C. rating, than for converters cf oche- capacities or voltages. 

ASK FOR BULLETIN 13-25. 

Wherever there are ships, you will find Janette =nverfers. 

Janette, 
556.5581V. iClonure St. Ghic.acior, ll.L. 

gan and Earl Cullum, appeared be- 
fore the committee during recent 
hearings on the Wheeler -White bill 
to amend the Communications Act 
and had also presented valuable 
technical information on the sub- 
ject of F -M for the committee's 
consideration. 

That the future of F -M will be 
largely determined by the engineer- 
ing potentialities of the system, the 
adequacy of the channels provided 
by the FCC, the effect of operating 
rules, and the value of the public 
service rendered by the broadcast- 
ers, was pointed out by C. M. 

Jansky, Jr., consulting engineer for 
FMBI. He. compared F -M and A -M 

systems and stressed two basic dif- 
ferences, namely: 

(1) Radio carrier frequencies in 
the F -M band are approximately 40 

times as high as those in the A -M 

band. The laws of radio propaga- 
tion are radically different at these 
higher frequencies and better 
adapted to broadcasting. 

(2) The use of frequency modu- 
lation rather than- amplitude modu- 
lation greatly reduces the power 
necessary to overcome noise or in- 

ANNEALING VACUUM 
TUBE 

The photo shows a 400 -watt vacuum 
tube being annealed after the filament 
mount is sealed. The tube is rapidly 
rotated in a glass lathe during anneal- 
ing to remove internal strains that may 
be set up in the glass during sealing. 
Jens Aakjer, glass craftsman, adjusts 
the torch used for heating the glass at 
the Westinghouse Lamp Division, 

Bloomfield, N. J. 
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A tuai size 1 - 
watt and 1 - 
watt insulated 
B ra d leyunit 
fined resistors. 

41Vk 
ÏGr, 

es the 
°nlY JUSraB 

PE 
RES 

LE 

having,sr 
of 2 

a rating 
a watts with h 

factor" safety 

This is the Allen-Bradley Type J Bradleyometer in which 

the resistor element has substantial thickness ... approximately, 
1'32 -inch. In this respect it differs radically from the thin film, 

paint, or spray type variable resistors. The resistor material, 

insulation, terminals, face plate, and threaded bushing are 

molded into a single unit. In the process of manufacture, the 

resistor material can be varied to produce practically any form 

of resistance -rotation curve. Once the Bradleyometer has been 

molded, the toughest war service cannot alter its performance. 

It is the only composition type variable resistor that will consist- 

ently stand up under the Army -Navy AN-QQ-S91 salt spray 

test. Enclosure is sealed, dust -proof, and splash -proof. 

Bradleyometers have high rating and high current carrying 
capacity. They have no rivets, no soldered or welded connec- 

tions, and no conducting paints in the electrical circuits. Their 

simple construction and few parts make them positively reliable 
and trouble -free. 

Allen-Bradley Co., 110 W. Greenfield Ave., Milwaukee 4, Wis. 

A low resistance carbon brush makes 
o smooth contact with the resistor and 
assures long life and quiet operation. 

Cross section of Bradleyometer show- 
ing how terminals are imbedded in 

solid, molded resistor. (Actual size.) 

Type JS Bradleyometer with positive 
contact shielded line switch. 

Bradleyometers may be used sepa- 
rately, or assembled in dual . . 

- or triple construction to fit any 
control need. Available for rheostat 
or potentiometer applications. 

ALLE$BiyDLEY.: 
FIXED 8L We ABLE RADIC' RESISTORS 

-igamb-auauiv, 
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ANOTHER 
SPECIAL BY 

PROGRESSIVE 

Ask for design help. 

Item illustrated is a 

"special," of which no 

samples are available. 

7he PROGRESSIVE 
TORRINGTON 50 NORWOOD ST. c 

Special heads, threads, 
and finishes-on fasten- 

ings of any metal or 

alloy adapted to cold 

upset-are Progressive's 
specialty. Weekly output 
25,000,000. 

MFG. CO 
ONNECTICUT 

TYPE 65% 

Actual SW 

Other types available 
In 

the lower values 

RESISTOR BULLETIN 37 

GIVES FULL DETAILS .. . 

It shows illustrations of the differ 
e - 

ent types of S. S. 

Resistors and gives details about 

construction, 
dimensions, 

A 

copy, with Pritwill it-today. 
on request. Write for 

WIDELY FAVORED because of 
NOISELESS operation, DURABILITY 

and fine PERFORMANCE in 

all climates .. . 

STANDARD RANGE 
1000 ohms to 10 megohms. 

NOISE TESTED 
At slight additional cost, resistors in 

the Standard Range are supplied with 
each resistor noise tested to the follow- 
ing standard: "For the complete audio 
frequency range, resistors shall have 
less noise than corresponds to a 
change of resistance of 1 part in 
1,000,000." 

HIGH VALUES 
15 megohms to 

1,000,000 megohms 

S. S. WHITE 
The S. S. White Dental Mfg. Co. 

INDUSTRIAL DIVISION 
Department A, 10 East 40th St., New York 16, N. Y. 

terference at any given point of 
reception. 

The Board of Directors of FMBI 
has approved the following com- 
mittee recommendations : 

I. It is recommended that the 
principle of allocation based upon 
assigning service areas to station 
applicants be retained but the 
rigid coupling of service areas to 
trade areas be abandoned. 

II. It is recommended that new 
classification öf channels if neces- 
sary be made on a regional, rather 
than a nation-wide, basis. 

III. It is recommended that the 
use of the dual terminology "High 
Frequency Broadcast Stations" (as 
used by the FCC), and "F -M 
Broadcast Stations" (as more com- 
monly used by industry and public 
alike) be discontinued in favor of 
the use of only one such designa- 
tion, "F -M Broadcast Stations." 

IV. It is recommended that in 
the granting of licenses to F -M 
Broadcast stations the Commission 
take into account such factors as: 

(1) The natural coverage area 
which the station would have 
based upon the proposed location, 
power, antenna gain, and the laws 
of propagation for the territory to 
be served. 

(2) The ability of the station to 
deliver adequate service to the com- 
munity or communities the station 
is primarily intended to serve. 

(3) That in licensing a station 
the Commission shall define the 
area throughout which that station 
shall be protected against interfer- 
ence from other stations on the 
same channel, even though the fa- 
cilities to be originally installed do 
not provide for coverage of the ulti- 
mate area. 

V. It is recommended that the 
Commission allow a period of Com- 
mercial, Program and Engineering 
development to provide for normal 
growth before requiring installa- 
tion of facilities to cover the ulti- 
mate area proposed, taking into 
consideration that growth in lis- 
tener audience in different sections 
will be at different rates. 

1944 PRODUrTION of meters is 
srh-doled at .39 million units, 55 
times as n,n'',t in.0-rnmen.ts as were 
made in t940. a .single large bomb- 
er mail have 250 meters, a battle- 
ship 1,000 and a tank 10. 
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ß4eie4 die seal 2t/ßí 
WHEN IT COMES TO 

eafeldeAtde pare4 
SURE IT'S EASIER to let your dictation roll along. 

Sure it's easier to write long copy. Sure it's easier 

to do all the good, pleasant things of normal peace- 

time business when paper is like water, something you 

can pretty well use as you will. 

But now, when the increasing paper needs of the armed 
services daily decrease the national supply of paper- 
when paper is a true war essential-that's a different 

story. 

All of us in business must watch every piece of paper 
or paper board we use. We must judge its use in terms 

of absolute necessity. We must not use a single piece, 

a single inch, of paper which thriftier writing or print- 

ing or packaging can possibly save. 

For multiplied on a national scale, that particular piece 
or inch of paper or paper board becomes the tonnage 
needed by our service forces to ship precious; food and 
ammunition and weapons and medical supplies and 
blood plasma to our troops overseas. 

If there's no Paper Conservation Committee in your 
organization or in your community, why not get one 
going today? 

This advertisement prepared under the auspices of the War Advertising 
Council in co-operw.nion with the Office of War Information and the War 
Production Board. 

USE LESS PAPER BECAUSE 

It takes 25 tons of blueprint paper to make a 
battleship. 

700,000 different kind of items are shipped to the 
Army-and they're paper -wrapped or boxed. 

"K" ration containers, shipped from the Eastern 
Seaboard alone, take 662 pounds of paper a 

month. 

Each Signal Corps radio set takes 7 pounds of 

kraft paper, 3 pounds of book paper. 

Each propelling charge for 155 -millimeter shell 
takes 3/5 pound -of paper. 

USE LESS PAPER THESE WAYS 

Review all printed forms periodically for essen- 
tiality; consolidation; elimination of waste space; 
standardization of sizes, weights, color, grade: 

elimination of color where possible. 

Eliminate slack fills, thus effecting the economies 
of a smaller package. 

Use 81/2x5 1/2 -inch letterheads for short letters: 
inclose them in small envelopes. 

Adjust the number of units per case to, the maxi- 
mum practical. 

Use and re -use carbon paper consistently. 

Conversely, reduce the number of units to utilize 
lighter carton board when such reduction will 
result in less tonnage over-all. Be sure that the 
openings are on the smallest dimension of the 
shipping container, so that the flaps will have the 

smallest area possible. 

LET'S ALL USE LESS PAPER 
Space for this advertisement contributed by ELECTRONICS 
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KIRKLAND 
Pioneer 

INDICATING LAMPS 

KIRKLAND 
HEAVY DUTY UNITS, 

standard sines 1931 on 
many of America's finest prod- 
ucts. All featuring: single hole 
mounting; easy lamp removal 
from the front; screw terminals 
in husky sockets; longer 
threaded area for thicker pan- 
els: and most important; Non - 
turn lug to prevent the unit 
from turning in the mounting 
hole. 

Patented 1832.E 
#600 . Molded Bakelite 
socket w;th special lamp grio. 
ping features, 6/32 terminal 
screws and a /4" insulation 
barrier; high arched lens for 
side visibility; correct interior 
diameter to control lamp heat 
and to permit easy lamp re- 
moval without tools. Increased 
diameter flange for positive 
coverage of mounting h o I ; 
chromium plated; Underwrit- 
ers Approved for 120 V. (56 
type bulb). 

#180 ... Molded #600 type 
socket; 2" glass beehive lens 
in screw mounted chromium 
cap; for uses requiring long 
distance and brilliant visibility 
from every angle; admirably 
suited for panels bearing heavy 
apparatus; Underwriters Ap- 
proved for 120 V. (56 bulb). 

#555. (N.A.F. 47940); 
High arched lens In chromium 
plated screw mounted cap; for 
double -contact candelabra 
bayonet bulb; 7/." diameter 
mounting hole. 

Distributed Nationally by 

GRATBAR ELECTRIC 
COMPANY 

THE H. R. KIRKLAND CO. 
MORRISTOWN, N. J. 

NEW BOOKS 

Fundamentals of Telephony 
By ARTHUR L. ALBERT, Professor of 
Communication Engineering, Oregon 
State College. McGraw-Hill Book Co., 
Inc., New York, 1941, 374 pages, price 
$3.25. 

A TEXT RESTRICTED to cover wire 
telephony only, and designed for 
beginning students and telephone 
workers rather than engineers. 
With this clear-cut goal in mind, 
the author devotes the first four 
chapters to an effective review of 
basic electrical theory, sound, 
speech and hearing; this material 
is largely condensed from his earl- 
ier and more comprehensive book 
"Electrical Fundamentals of Com- 
munication". Following chapters 
cover telephone transmitters, tele- 
phone receivers, telephone sets, 
manual and dial telephone systems, 
transmission over circuits with 
distributed constants and with 
lumped constants, measurements 
in telephony, inductive interfer- 
ence, and telephone repeaters and 
carrier systems. Review questions 
and problems are given at the end 
of each chapter for class use. Well 
illustrated, with clear diagrams and 
clearly presented mathematical 
treatments where required for un- 
derstanding of practical telephone 
problems. J.M. 

e 

Hyper and Ultra -high 
Frequency Engineering 
By ROBERT I. SARBACHER AND WPL- 
LIAM A. EDSON, Illinois Institute of 
Technology. 644 -pages, price $5.50, 
1 94.3. .John Wiley c& Sons. Inc. 

DEALING EXCLUSIVELY with the 
phenomena occurring at frequen- 
cies between 30 and 10,000 Mc, this 
volume provides an excellent intro- 
duction to the u -h -f field for those 
engineers whose experience has not 
already placed them on speaking 
terms with wave guides and cavity 
resonators. For the experienced 
the work will prove an excellent 
reference source and engineering 
working tool particularly since an 
extensive bibliography is to be 
found at the end of the volume. 

The mimeographed notes pro- 
vidin r the original basis of the 

#1.°044M 
POWER 
RHEOSTATS 

* Tens of thousands of these Claro - 
stat power rheostats are in daily 
use. They are standard equipment 
in many fighting and civilian 
planes. They are proving that they 
can take it-and then some. They 
are provably tougher, because .. . 

* Insulated metal core supports resistance 
winding. Element imbedded in cold - 

setting Inorganic cement. Maximum heat 

conduction and radiation. 

* Normal current rating may be exceeded 

by 50% at any setting up to I/7 total 
rotation without damage or excessive 

temperature rise. 

* Tripod -type rotor provides smooth oper- 

ation and positive conduction at all 

settings. 

* Exceptionally rugged mechanically 
and 

electrically, for dependable, long, eco- 

nomical service. 

* Standard units: 25- and 50 -watt. I to 

5000 ohms and 0.5 to 10,000 ohms. Other 

resistances, taps, tapers, special bush- 

ings, shafts, knots, to order. 

* Write for bulletin . . . 

CLAROSTAT MFG. CO., Inc. 285.7 N.6111 St., Brooklyn, N.Y. 
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book have been used in courses of 
instruction for senior students in 
electrical engineering at the Illi- 
nois Institute of Technology. The 
reader is expected to be well versed 
in undergraduate electrical engi- 
neering and in vector analysis. A 
good portion of the book is mathe- 
matical and appears more formid- 
able than is actually the case be- 
cause of the detail with which 
certain of the proofs have been 
worked out. Apparently little 
trouble has been encountered, how- 
ever, in presenting this material 
to senior electrical engineering 
students in the better technological 
institutes. 

The first chapter constitutes an 
interesting and excellent treatment 
of electrostatics and magnetosta- 
tics as a review for some of the 
more fundamental concepts which 
will be utilized in later sections of 
the volume. The electrostatic and 
magnetostatic equations are pre- 
sented in parallel columns and, so 
far as possible, the text is applic- 
able to either type of concept. The 
parallelism between the two static 
branches of electricity is thereby 
forcefully and compactly brought 
out. 

The second chapter plunges im- 
mediately into a discussion of both 
experimental laws and the mathe- 
matical formulation which provide 
the basis of Maxwell's equations. 
The general form of these equa- 
tions is given first after which, 
with suitable simplifications, the 
static state, steady state, and quasi - 
steady state equations are derived. 
Such a presentation has the advan- 
tage of acquainting the reader, at 
the earliest possible moment, with 
the formulations for the most gen- 
eral state of affairs encountered in 
radio communications. At the same 
time, the reader is forced to recog- 
nize that any of the simplifications 
which are so frequently of engi- 
neering use, are merely special 
cases of the generalized Maxwell 
equations. 

The field equations of Maxwell 
are treated in greater detail in 
Chapter III which discusses the 
various types of electromagnetic 
waves which may be produced and 
their propagation through an iso- 
tropic medium. 

Chapter IV to VII inclusive, pre- 
sent a mathematical treatment of 
the physics of wave propagation in 

A Versatile High -Capacity 

Vacuum Coating Unit 

DPI Vacuum Coating Unit, Model LC2-500 

INDUSTRIES in both the optical and electrical fields will find 
many uses for Distillation Products' Vacuum, Coating Unit L('? - 

500-a two -chamber, high -capacity production machine for the 
deposition of thin films. It produces coatings of great uniformity 
and purity on a variety of materials, including glass, metals, and 
plastics. 

. This is one of several complete coating units available for war 
purposes. If your production involves treatment of materials by 
evaporation of metals or salts, Distillation Products, hic., can ad- 
vise you on the machine best suited to your needs, and assist in the 
design of auxiliary equipment. Submit your problem today. 

Features of Model LC2-500 Twin chambers and pumps completely 
isolated, assuring simplicity of operation. Gauges and meters held 
to a minimum by use of switching devices. Standard accessories in- 

clude .Ilehd Diffusion Puarp JIC-:50H; Baffle II"B-i0; Piraai Gauge 

PG -I?; loui:alioe Gauge DP -1(5/ complete electrical equipment for 

the control of pimps and auxiliary devices. 

\DP N 
HIGH VACUUM 

HEADQUARTERS 

DISTILLATION PRODUCTS, INC. 
Jointly owned by EASTMAN KODAK COMPANY and GENERAL MILLS, INC. 

ROCHESTER, N. Y. 
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7,Pzect 
IIITERElECTRODE CAPACITY METER 

Used with equal ease and accuracy by 
engineers or unskilled factory personnel, 
this instrument makes production meas- 
urement of vacuum tube interelectrode 
capacities a practical possibility. 

Capacity is read - rapidly and accur- 
ately - directly on the 7" meter scale 
graduated in 100 divisions for ranges of 
100, 10, I, .1, and .01 mmfd. 
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Furnished complete with wholly 
shielded measuring circuit 

Input and output voltages auto- 
matically regulated for maximum 
operating stability 

FREE ENGINEERING DATA 
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Takes tubes with bases up to 8 - 

pin 

Base adapters fit standard RMA 
shields 

"Universal" shield furnished, ac- 
commodates tubes up to 25/g" 
diameter by 43/4" high. 

TECHNICAL APPARATUS CO. 
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/(NURL ED 
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OTHER APPLICATIONS 
involving rapid, accurate 
measurement of low ca- 
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with special adap+ers. 

Write for details. 
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Socket Cap Screws 
with the Knurled 
Heads. Mechanics ap- 
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assembly. Then, too, 
the knurling permits 
locking after counter- 
sinking. 

KET 11144 \ Sizes: No. 4 to 11/2" 

diameter. Write for the 
"Unbrako" catalog today. 
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years ago. 

STANDARD PRESSED STEEL CO. 
JENKINTOWN, PENNA. BOX 596 

BRANCHES 
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OVER 40 YEARS IN BUSINESS 

hollow conductors. These chapters 
are entitled, respectively, "Reflec- 
tion and Refraction of Plane 
Waves", "Parallel Plane Wave 
Guides", "Rectangular W a v e 

Guides", and "Cylindrical Guides". 
At least in the simpler cases the 
necessary conditions for the vari- 
ous modes of transmission are 
treated and a discussion is given 
of the resolution of propagated 
waves into what might be termed 
their elementary components. 

For those whose interest lies in 
the more practical aspects of propa- 
gating waves of extremely high 
frequency, Chapter VIII, "Wave 
Guide Experimental Apparatus", 
provides a section of some 24 pages 
which summarizes the work of 
Barrow, Southworth, Chu, Clavier, 
Brillouin, and other leaders in 
u -h -f technique. 

The next three chapters deal 
with "Transmission Line Theory" 
(which more or less follows stand- 
ard treatment on this subject), 
"Cavity Resonators" and "Radia- 
tion From Horns and Reflectors". 
The mathematical treatment of 
cavity resonators in Chapter X dis- 
cusses such topics as resonance in 
a rectangular cavity, power rela- 
tions in a rectangular cavity, 
resonance in cylindrical cavities, 
power relations in cylindrical cavi- 
ties, resonance in coaxial cylindri- 
cal cavities, spherical cavity reson- 
ators, coupling to cavity resonators, 
and a comparison of the properties 
of cavity resonators of various con- 
figurations. Chapter XI, dealing 
with radiation from horns and re- 
flectors, is a review of the work ac- 
complished in this field by Barrow 
and his associates at M.I.T., South - 
worth and his co-workers in the 
Bell System, and that of Clavier of 
about a decade ago in effecting 
u -h -f communication across the 
English Channel. 

The remaining portion of the 
book deals with electron tubes and 
their associated electrical circuits. 

The behavior of vacuum tubes at 
high frequencies, including a treat- 
ment of the effect of lead induct- 
ances and internal capacitances, 
transit time effects and noise in 
vacuum tubes, is given in Chapter 
XII. The design of audio-, vi- 
deo-, and intermediate -frequency 
amplifiers using negative grid vac- 
uum tubes is treated in Chapter 
XIII. Considerable attention is di - 
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rected to those methods for obtain- 
ing amplifier response over a wide 
range of frequencies as required 
for video amplifier design. Since 
negative grid oscillators have not 
been developed to a point where 
considerable amounts of power can. 
be developed for those frequencies 
which this volume aims to treat 
primarily Chapter XIV on this 
subject is a short one of some 20 

pages. 
The final three chapters deal 

with the more specialized type of 
u -h -f generators. Chapter XV on 
"Positive -Grid or Retarding -Field 
Oscillator" has been quite thor- 
oughly summarized in the August 
1943 issue of ELECTRONICS. Like- 
wise, Chapter XVII on "Tubes Em- 
ploying Velocity Modulation" has 
been adequately summarized in the 
August 1943 issue of the Proceed- 
ings of the Institute of Radio En- 
gineers. The remaining chapter of 
about 26 pages deals with the 
mechanism of operation of the 
magnetron. 

The volume ably meets its "in- 
tended use by senior students of 
electrical engineering, and by men 
with equivalent training who have 
had at least one course in radio en- 
gineering", and is well recom- 
mended as a text or reference 
work.-B.D. 

. . 

A Primer of Electronics 
By DON P. CAVERLY, Commercial En- 
gineer, Sylvania Electric Products, 
Inc. McGraw-Hill Book Co., Inc., 
New York, 1943, 235 pages, price 
$2.00. 

THOUGH BEARING AN electronic ti- 
tle, this book announces at the be- 
ginning that the old and entirely 
incorrect convention of current flow 
from positive to negative will be 
followed in deference to old elec- 
trical rules. This convention is fol- 
lowed only for the first 67 pages, 
however, covering in somewhat 
popular manner the fundamental 
theories of electric current and 
magnetism. Part III, on electro- 
magnetic radiation, covers the en- 
tire gamut of wave motions, from 
those on water to x-rays and 
gamma rays. Then, in Part IV on 
basic electronics, the author re- 
verts to now -accepted practice of 
tracing electron movements, and 
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EXPERIENCE 
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and 
construction 

be sure fo specify 

JL4GO 
featherweight Switch 

Weighs only 3 ounces. 
Frame molded of high -impact 
phenolic (Navy Spec. I7P4 
CFI - 20) by Navy - approved 
molders. 
Mounting inserts locked in; 
have full %g" thread. 
Tinned hook lugs for faster, 
easier wiring. 
Coin -silver contacts handle 10 
amp. AC or 2 amp. DC at 115 
volts. 

Of advanced design-the MACO Featherweight Switch satisfies 
today's needs and the performance demands of the future for 
uniformity, durability, and smooth action under severe operating 
conditions. For detailed data, see Bulletin A442-free on request. 

METALLIC ARTS COMPANY 
243 BROADWAY, 

CAMBRIDGE, 39, MASSACHUSETTS 

THOUSANDS of Caner Products are 
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cient service in leading communications 

equipment all over the globe. Send for 

latest Catalog of CARTER PRODUCTS Today, 

!606 MILWAUKEE AVE. CABLE: GENEMOTOR 
CARTER, a well known name fn radio for over twenty years. 

proceeds to explain the workings of 
radio tubes, incandescent, mercury- 
vapor and fluorescent lamps, stro- 
botrons, phototubes, cathode-ray 
tubes and the electron microscope. 

This book is written for those 
who must handle or work with 
electronic products yet know little 
or nothing about the subject-sales- 
men, store clerks, stenographers, 
and the workers engaged in elec- 
tronic production. The author 
states definitely that the removal 
of complex technical aspects was 
deliberate, hence such technical 
liberties as the use of X in place of 
lambda as the letter symbol for 
wavelength are considered permis- 
sible. The book is interesting and 
easy to read, and this was the goal 
aimed at by the author.-J.M. 

e 

Graphical Construction for 
Vacuum Tube Circuits 
By ALBERT PREISMAN, Director of 
Engineering Texts and Consulting 
Engineer, Capitol Radio Engineering 
Institute. First Edition, 1943, 238 
pages, price $2.75, McGraw-Hill Book 
Company, Inc., New York. 

THIS TEXTBOOK is intended to fill a 
gap in the literature on vacuum 
tubes, viz., graphical constructions 
(those geometric manipulations by 
which solutions to problems on non- 
linear circuits are obtained). The 
first part of the book deals with 
nonlinear circuits and elementary 
tube theory, and the middle part 
with reactive loads and balanced 
amplifiers. At the end detection 
and feedback circuits are given 
proper consideration. 

This lucidly written textbook re- 
veals much original thought, al- 
though the introductory chapters 
follow standard textbook routine. 
This is somewhat unfortunate as 
certain improper statements found 
in a large number of recently pub- 
lished textbooks now appear in this 
volume as well. In spite of the 
pioneer work on signs done by E. 
L. Chaffee of Cruft Laboratory 
more than ten years ago, empha- 
sized by MIT staff in the recently 
published volumes "Electric Cir- 
cuits" (1940) and "Applied Elec- 
tronics" (Jan., 1943), textbooks 
are still written without a clear 
sign -convention that makes obvious 
beyond doubt the direction of the 
various variational quantities in - 
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volved. In this volume the lack of 
a sign convention forces the author 
to an unconventional definition of 
µ (page 27 and page 82) and leads 
him into the common track of pre- 
senting the equivalent -plate -circuit 
(EPC) theorem via a number of 
equations and additional discussion 
(p. 35-36). In reality the whole 
thing boils down to the agreement 
between the teacher and his student 
that the super -position theorem 
holds for the control grid and the 
plate, so that these electrodes con- 
tribute g, V, and VL/R, independ- 
ently. The total contribution is 
then, with a simple substitution, 
gmV, I,ZL/Rp, which is the EPC 
theorem, period. Added so-called 
derivations and proofs serve only 
one purpose in an introductory 
text: to confuse the issue and hide 
the fundamental thought behind 
the EPC equation. The average 
standard textbook also gives the 
incorrect information that the 
EPC theorem cannot be used for 
calculation of the power dissipated 
in the tube, and that the screen 
grid was introduced to prevent in- 
teraction between output and input 
circuits at radio frequencies. In 
reality there is no objection against 
the use of the EPC theorem for the 
power calculation referred to, if 
only this "theorem" is used cor- 
rectly. Regarding the screen grid, 
Schottky himself said, twenty-five 
years ago, that he did not think 
his screen -grid tube differed from 
triodes as far as high -frequency 
stability was concerned. 

It must be clearly understood 
that the above criticism applies to 
a large number of textbooks. In 
the following part of the volume 
the author falls back upon his own 
thinking, and the result is an ex- 
cellent treatment of nonlinear cir- 
cuits in graphical presentation. He 
is just after one thing: to give 
graphical or combined graphical - 
analytical solutions to problems on 
non-linear circuits, which solutions 
answer important questions in the 
least time and with the least effort; 
and he is successful in this. 

The author makes extensive use 
of the dynamic characteristic; 
somewhat unconventional in this 
country but commonly used in 
Europe. Thus the treatment of 
push-pull amplifiers gives much 
useful information, part of the ma- 
terial being original. As analytical 

Where the Transformers of 

Tomorrow are Working Today 

In all branches of the service and in 

all parts of the world Transformers that 

will play a large part in the homes and 
industry of tomorrow are being tested 
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Chicago Transformer is proud to be 

manufacturing and designing units of 
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4 

Cutaway of Littelfuse Ex- 
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maximum resistance to heat and 
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Grip preventing fuse from dropping 
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right. 
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operated. Under- 
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1245 
For Hi -Amp 

Elements 

Send for B P and Engineering Data 
Ask for samples for your applications. 

Write 

LITTELFUSE Inc. 
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4793 Ravenswood Ave., Chicago 40, III. 

treatments generally lead to messy, 
unsolvable equation systems, graph- 
ical methods for non-linear tube 
circuits are of the greatest im- 
portance, and the author gives 
many examples on how to perform 
the graphical solutions in various 
cases. In the applications he re- 
stricts himself mostly to audio - 
frequency circuits. As graphical 
construction is still more important 
for Class -C operation, it should 
have been advantageous, if a chap- 
ter on high -frequency power tubes 
had been added, emphasizing the 
shortcomings of i9-e, and i9-e, dia- 
grams and the usefulness of 
diagrams. Such an extension may 
be possible in the next edition. 

Mr. Preisman has a long experi- 
ence as teacher and technical 
writer and is recognized for his 
ability to explain lucidly and in 
simple words complicated pheno- 
mena and calculations. He has suc- 
cessfully transferred this ability 
into the pages of his book, and it is 
recommended to every student and 
engineer, who wants to obtain a 
proper understanding of the non- 
linear -circuit problem and its pos- 
sible solutions.-H. STOCKMAN. 

Electricity and its Applica- 
tion to Civilian and Military 
Life 
By CRLES A. RINDE. Harcourt, 
Brace mid Co., New York, 19.43; 466 

gnnice $1.96. 

WITH THE CONTROL of electrons as 
its central theme, this presentation 
of the fundamentals of electricity 
admirably arouses interest in each 
new electrical principle by describ- 
ing an interesting related experi- 
ment, then follows the principle 
with a series of everyday applica- 
tions. The level of writing is that 
of a vocational school because the 
book is organized around the War 
Department's outline, Fundamen- 
tals of Electricity (PIT -101), yet 
the military outline has not been so 
rigorously followed as to impair 
the readability and post-war value 
of the book. Both civilian and mili- 
tary applications of electricity are 
stressed throughout. 

A large part of each chapter con- 
sists of detailed explanations of 
electrical devices employing the 
principles covered in that chapter, 

MOTOR 

ENGINEER 

Position open for 
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desires full 
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ideas on very 

interesting new 

project. 
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experience in 
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P-630, Electronics 

330 West 42nd St. 

New York 18, N. Y. 
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with appropriately selected and ex- 
ceptionally clear diagrams and pho- 
tographs for illustrative purposes. 
Approximately the last 40 pages 
are devoted to radio, x-rays, fluor- 
escent devices and television. At 
the end of each chapter are 
thought -producing, knowledge -test- 
ing questions and problems, with 
suggested experiments and investi- 
gations. An appendix contains use- 
ful electrical data and a 6 -page 
glossary of definitions.-J.M. 

Practical Radio for 
War Training 
By M. N. BEITMAN. Supreme Publi- 
cations, Chicago, 1943, 366 pages, 
price $2.95. 

A PAPER -COVERED BOOK apparently 
intended chiefly for pre -induction 
radio classes and beginner's courses. 
Subjects covered include the theory 
of electricity and radio, with radio 
servicing hints and two chapters 
on test equipment. Review ques- 
tions and problems follow each 
chapter.-J.M. 

OSCILLATORY TOWER 

To test radio apparatus under high cen- 
trifugal and tangential forces, such as 
are encountered by equipment used in 
the crow's nest of a ship, Westinghouse 
engineers use this pivoted 50 -foot steel 
mast. It swings 45 deg both sides of 

vertical, making a round trip every six 
seconds. A 35 -hp variable -speed motor 
with an oil -well reduction -gear and 

crank supplies the power 
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Edition 

By Charles E. Drew 
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offers much helpful material to amateur radio 
operators, radiotelephone and telegraph operators, 
whether interested in broadcasting, marine, aero- 
nautical, or any other field of radio transmission 
and reception. 

RADIO RECEIVER DESIGN- 
Part I 

By K. R. Sturley 
435 Pages $4.50 

Communications engineers will want to own 
this book, which covers radio frequency amplifi- 
cation and detection. A detailed study, stage 
by stage, beginning with the aerial and going 
as far as the detector. 

TIME BASES-In Scanning Gen- 
erators 

By O. S. Puckle 
204 Pages $2.'5 

Covers the subject from both the design and 
the development points of view; assembles more 
time bases circuits than have heretofore been 
available in one volume. 

THE TECHNIQUE OF RADIO 
DESIGN 

By E. E. Zepler 
312 Pages $3.50 

Deals with the day-to-day problems of the 
radio engineer, both in the development and in 
the testing of radio receiving apparatus of all 
types. Thoroughly practical. 

FUNDAMENTALS OF VIBRA- 
TION STUDY 

By R. G. Manley 
128 Pages $2.75 

For the engineer and designer, an introduc- 
tion, logically developed, to basic vibration 
theory. Does not require previous knowledge 
Ilf advanced mathematics. 

COMMUNICATION CIRCUITS- 
Second Edition 

By L. A. Ware and H. R. Reed 
330 Pages $3.50 

An expansion of an eminently successful book 
to include new material on physical aspects of 

wave guide tra-smissiou, impedance matching, 
solution of circuits, and the theory gf,. eeengular 
arid cylindrical wave guides 

HYPER AND ULTRA -HIGH FRE- 
QUENCY ENGINEERING 

By Robert I. Sarbacher and William A. Edson 
644 Pages $5.50 
A practical treatment of an important new 
branch of communications engineering, requiring 
nu special advanced knowledge. Of value to 
the beginner, as well as those having some 
familiarity with the subject. 

GUIDE TO CATHODE RAY PAT- 
TERNS 

By Merwyn Bly 
30 Pages $1.50 
Important for technicians and laboratory work- 
ers. This book summarizes briefly by means 
of sketches and captions the cathode-ray pattern 
types encountered in the usual course of labora- 
tory and test bench work. 

FUNDAMENTAL RADIO EXPERI- 
MENTS 

By Robert C. Higgy 
96 Pages $1.50 
Thirty-two basic experiments in electricity, elec- 
tronics and radio, with a full explanation of the 
principles involved as well as laboratory pro- 
cedure. 

BASIC ELECTRICITY FOR COM- 
MUNICATIONS 

By William H. Timbie 
603 Pages $3.50 
A simple. clear presentation of tite fundamentals 
of electricity and their application in the prob- 
lems of communications and radio. The first 
twelve chapters illustrate the principles by 
simple application to communications appliances. 
The remainder of the book covers the appliances 
and their operation. 

ENGINEERS' DICTIONARY - 
Spanish -English and English - 
Spanish 

Compiled by Louis A. Robb 
423 Pages Flexible Binding $6.00 
A practical, up-to-the-minute dictionary of engi- 
neering and co'istructiorì' terms, expressly' pre- 
pared for Pan-American use. Uses Sp4nish 
of Central and South America. 
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New York 16, N. Y. 
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age; otherwise I will return the books 
postpaid. 
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Multivibrator 
(Continued from page 1..2) 

Equations (4.4) and (4.7) are 
plotted in Fig. 4.4 for the MV de- 
signed in Example III and for sec- 
tion 1 of the MV designed in Ex- 
ample IV of part two of this paper. 
In both cases, ß,l > ßa1 as it' always 
will be if Sal a,1. (See Fig. 4.2.) 
The maximum value of N1/f,C51R1 
plotted in each case is equal to 
(1 - Sa ) log. (k2µ,1) . Any smaller 
value can be used, provided E,1 is 
increased sufficiently to maintain 
the order of division at Ni. 

To render unnecessary the bridg- 
ing of C51 and R41 and careful selec- 
tion of the tubes to be used in the 
MV, in the designs of Examples III 
and IV Nl/f,C.iRI was arbitrarily 
decreased to 80 percent of the max- 
imum allowable value. (If the 
components and tubes selected at 
random provide a value for Ni/f. 
Cha1R1 less than the maximum, the 
proper order of division and appor- 
tionment of Sal and 6,1 can be ob- 
tained by a simple method of ad- 
justing E,1.) A portion- the size 
of which depends upon the Ni/ 
f,C1R1 actually obtained-of the 
percentage variations otherwise 
permissible in E,1 is sacrified for 
this convenience. The relative mag- 
nitude of this sacrifice increases 
with the order of division, Ni. 

The reason for the rapid decrease 
in the percentage variations al- 
lowable in E,1 with decreasing 
Ns/f,CiRi is that the magnitude 
of E,1 increases rapidly, while the 
variation in volts allowable in- 
creases very slowly, or may even 
decrease, depending upon the order 
of division and the range of 
N1/f,C51R. involved. See Fig. 4.3, 
and compare Figs. 2.10 and 2.11 of 
Part II. Even though the syn- 
chronizing pulses are derived from 
the output of a limiter tube, the 
amplitude of the pulses is subject 
to change with changes in E or 
with replacement of the limiter 
tube. 

Effect of Ripple or Feedback Voltages 
in E.. 

In Fig. 4.5, E,. is the peak -to - 
peak value of ripple or feedback 
voltage present in E.,. (Voltages 
developed across a common power 
supply are termed feedback vol - 
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Fig. 4.5-Ripple voltage in the plate power 
supply is coupled directly into the grid 

circuit of each tube in the MV 

tages.) If V1 is non -conducting, 
E, will cause a voltage of magnitude 

E,Rrr/(Rex + RL, - jX2) (4.8) 

between the grid and cathode of 
V2.14 This voltage will be amplified 
by V. and will be coupled into the 
grid circuit of V, as a synchroniz- 
ing voltage of magnitude 

Rn 
Era -wxE,[Ra 

R. i CRr.. 1 r Rn (4.9) 
Era } RtJ LRn - jXi 

The shunting effect of (R. - 
jX,1) on RL, is neglected in this 
equation, and Rai is assumed to be 
considerably greater than R 52R L2/ 

(Rb2 - RL2). The fact that E, is 
present in the plate circuits is as- 
sumed to be of negligible im- 
portance in comparison with the 
amplified voltage of Eq. (4.9). 

If Rai » X, and R,,., » X,, Eq. 
(4.9) becomes 

R1,s/RLx 
(4.10) 

1 + 
Unless f, is synchronous with f 
E1 will drift through E causing 
the synchronizing pulses to vary in 
effective amplitude by the peak -to - 
peak voltage of E,,, at a frequency 
equal to the difference between f 
and f,. This will result in narrow- 
ing the range of f,C1R1 through 
which the order of division can be 
maintained at Ni. If the positive 
portion of E1 is greater than the 
value of ß41E,1 as given by Eq. (4.5) 
for an order of division equal to N 
or if the negative portion of E1 

"Distortion of the positive portion of the 
ripple cycle by grid current in Vs is 
neglected. 

"If f, Is synchronous with J., it may 
or may not be detrimental, depending upon 
its waveshape and its relative amplitude 
and position as compared with that of E.. 

E,.4 = - rt2 E; 

BUD PRECISION CONDENSERS 

In the crucible of war, BUD 
r condensers and other pre- 

cision parts have proven 
themselves dependable and 
accurate under all conditions. 
That is why the 'BUD parts 
you are buying now and will 
buy after the war will serve 
you even better than ever 
before. 

Uv BUD RADIO, INC. 
CLEVELAND, OHIO 

Radio and Elecronic equipment operates most efficiently when 

excess tube heat is dispelled. And this is where PILOT BLOWERS 
enter the picture. Compact, efficient, quiet-these Blowers are avail- 
able in five Standard sizes with output ranging from 49 to 162 

C.F.M. Special Blowers with custom-built Pilot Fractional H.P. 
Motors from .12 to 200 C.F.M. Write for detailed information. 

F. A. SMITH MFG. CO., 801 DAVIS ST., ROCHESTER 5, N.Y. 

MADE BY THE MAKERS OF THE FAMOUS PILOT FRACTIONAL H. P. MOTORS 
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NEW INLAY PROCESS 
Eliminates Name Plates on Front Panels 

Here are a few advantages of our new 
inlay process for marking front panels 
that eliminates name plates: 

1. Front panel will match finish of cabinets. 
2. Durable, baked enamel characters, resistant to 

abrasions and salt sprays; guaranteed to pass 
50 hour salt spray test. 

3. Characters flush with background and on same 
plane. 

4. Recommended and endorsed by scores of mans=- 
facturers of electronic, sound and communica- 
tion equipment. 

PROMPT DELIVERIES. Send us the 
bare steel fabricated and within tiro 
weeks we will return it finished and 
marked to your complete satisfaction. y 

SCREENMAKERS 
64-A FULTON STREET NEW YORK 7. N. Y. 

HERCULES 

TRANSFORMERS 

MEET ALL 

SPECIFICATIONS 

Prompt Engineering 
Service always 
available 

1 
DC and AC WELDERS 

TRANSFORMERS MAGNETIC 

CLAMPS SOLENOIDS RIVET 

HEATERS SPOT WELDERS 

FLUORESCENT BALLASTS 
SPECIAL CONTROLS 

HERCULES ELECTRIC & MFG. CO. 
INCORPORATED 

2416 ATLANTIC AVENUE ,i- BROOKLYN 33, N. Y. 

is greater than ßd,E, as given by 
Eq. (4.2), the MV will slip .syn- 
chronism. If both of the above 
conditions do not obtain simulta- 
neously, it may be possible to 
adjust the amplitude of E such 
that division by N, will be obtained 
over a restricted range of f,C,,R,. 
If the peak -to -peak amplitude of 
E,,, is greater than the increase in 
the exponential component of Edl 
between the (Ni - 1) th and the 
N,th pulses, it will be impos- 
sible to synchronize at N,. In order 
that the theoretical maximum val- 
ues of Sa, and Si, may be closely real- 
ized in practice, E,.,, should be con- 
siderably smaller than this change 
in E,,,. 

Er., «7.30 Ed, (4.11) 

where 

Ea,=ksEbb (N,-1) , exp [ 
f. Cb, R, 

- exp 
L 

- N' (4.12) f.Cb,R, 

Substitution of (4.10) and (4.12) 
into (4.11) gives 

E, 
kR Ebb ¡1 Rpzl ¡1 Ra,l « - - -F - 

Ni exp . 
Cb, R, 

- N, l 
f. c,. R,J 

(4 13) 

Because k, 1/(1 + Rb2/RL,), the 
product of k, by the first term in 
parentheses approximates unity for 
all values of RL,. As a result, the 
value of R,,2 is of little importance 
in (4.13). Since Cb2 fixes a max- 
imum value for RL, and a minimum 
value for R. via (1.9) and (1.6) 
respectively,a maximum value is 
placed upon the ratio RL,/Rd, in the 
second parentheses of (4.13). This 
ratio will seldom be greater than 
0.5. A small value of µ2, i.e., a 
low -mu tube, is an aid in satisfying 
(4.13). 

To a very good approximation, 
(4.13) can be written 

¡ 
µ2 RL2 Rd2 

eAp L ] 

E, 1 (N, - 1) « - exp 
Ebb µ2 L j. C11 R,e 

- exp [ f C , R, I (4.14) 

The right-hand side of (4.14) can 
10 Satisfaction of (1.9), while not being 

a requirement for reliability in au MV, is 
very desirable because it renders Ti inde- 
pendent of T,, thereby making it possible 
to use simpler equations to describe and 
to predict the operation of the MV. While 
(1.9) usually is satisfied, even without 
special consideration, it can be under - 
satisfied by at least 2 to 1 without seriously 
affecting the accuracy of such equations. 
This would permit the ratio of RL, to Rds 
to be doubled. 
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TURRET 
LUGS 

To Meet Your 
Board Thicknesses 

Just tell us the thickness of the 
terminal boards on which you 
wish to use them, and in short 
order these fine, precision made 
Turret Lugs will be on their way 
to you. 

You'll like these Lugs. Just 
slip 'em into the hole, swage 'em 
and you have good firm Turret 

Terminals that 
a re convenient 
for soldering 
and that make 
lasting, depend- 
able contacts. 
Order them by 
mail, phone or 
wire from 

CAMBRIDGE Thermionic CORP. 
439 Concord Avenue 

Cambridge 38, Massachusetts 

be maximized by using a value of 
N,/f.,C,,,R, equal to N,log,[N,/ 
(N, - 1) ]. This maximum is very 
broad-similar to the curves of 
Fig. 4.3-so that the exact value 
of N,/f,.Cb,R, is not critical. Figure 
4.6 is a plot of the expression in 
braces in (4.14) versus N, using 
the maximizing value of N,/f,.CI,R, 
which is plotted in Fig. 4.7. There- 
fore, Fig. 4.6 gives the maximum 
value the term in braces can have 
as a function of the order of di- 
vision. 

Fig. 4.6-Curve of [-(N4 -1)/f., 
Cb,R,]-exp [-N,/f..C1,R,] vs. N, using the 
maximizing values of N,/f..Cb,R, as given 

in Fig. 4.7 

For the purposes of a general 
working rule, it might be stated 
that the value of A, as given by 
Fig. 4.6 should be at least 5µz times 
the ratio Er/Ebb. Hence, for a given 
tube type, i.e., for a given mu, the 
greatest order of division of any 
one section of any MV determines 
the maximum ripple or feedback 
voltage that can be tolerated in 
Ebb. 

Except for the fact that E, may 
consist of a miscellaneous group of 
waveforms, frequencies and ampli- 
tudes as the result of an Ebb com- 
mon to other equipment as well as 
to the MV stage under considera- 
tion, the ratio Er/Ebb could be con- 
sidered the percentage of ripple at 
the output of the rectifier and 
filter. 

Examples 

For the MV designed in Example 
III, N, = 7, it, = 20 and the value 
of N,/f,C,,,R, used is 1.62. What 

O HUGE STOCKS! Everything 
from a condenser to a piece 

of laboratory test equipment. 

O RAPID DELIVERIES! Trained 
expediters rush your orders, 

and help "break" priority 
problems. 

O TECHNICAL ADVISERS will act 
as a "right hand" to your 
own production staff. 

4 /7 YEARS OF EXPERIENCE are 
behind our competent, com- 
plete wartime service. We 
know the field from the "knee- 
high" stage. 

O 100% GUARANTEE of satis- 
faction. You know it will "per- 
form" when you buy it from 
Harvey. 

TEL 

ORDERS TO 

BRYANT 9-1946 

TI T T T1 T 
RADIO COMPANY 

103 WEST 43rd ST., NEW YORK 18, N.Y. 
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Dept. E-3, 3224 -16th Street, N. W. 

TECHNICAL 
NOTES 

Excerpts from New Home Study 
Lessons Being Prepared under 
the Direction of the CREI Di- 
rector of Engineering Texts 

Driver Circuit 
Design 

Many a man owes his fame to 
the loyal support of some woman, 
whether it be his mother or wife. 
In the same way, a push-pull 
amplifier owes its increased 
power output to the loyal urging 
of a properly designed driver 
stage. 

Last month, CREI published a 
three -page article on the design 
of a push-pull amplifier operated 
Class AB2. This month we con- 
clude this particular subject with 
an analysis and example of the 
design of the driver stage. 

The complete article on "Driver 
Circuit Design" appears with dia- 
grams in the current issue of 
THE CREI NEWS. This is 
FREE, and yours without obliga- 
tion- 

Write for it today . . . merely 
ask for the article, "Driver Cir- 
cuit Design." 

* * * 

The subject of "Driver Cir- 
cuit Design" is but one of 
many CREI lessons that are 
being revised constantly by 
A. Preisman, Director of En- 
gineering Texts, under the 
personal supervision of CREI 
President, E. H. Rietzke. 
CREI home study courses are 
of college calibre for the pro- 
fessional engineer and tech- 
nician who recognizes CREI 
training as a proven program 
for personal advancement in 
the field of Radio -Electronics. 
Complete details of the home 
study courses sent on request. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

E. H. RIETZKE, President 
Home Study Courses in Practical 

Radio -Electronics Engineering for 
Professional Self -Improvement 

WASHINGTON 10, D. C. 

Contractors to the L.S. Navy-U.S. 
Coast Guard-Canadian Broadcasting 
Corp. - Producers of Well -trained 

Technical Radiomen for Industry. 

1.7 

1.6 
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o 2 4 6 
NI 
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Fig. 4.7-The value of N,/f,C61R, given by 
this curve maximizes the increase in the 
exponential grid voltage between the 
(N,-1)th and the Nth synchronizing pulses 

would be a reasonable percentage 
of ripple voltage in Ebb, if the val- 
ues of Sdt and Sit allowed for in the 
MV design are to be closely ap- 
proximated in practice? 

Reading Fig. 4.6 for N1 = 7 
gives 6.1 = 0.057." Therefore, to 
satisfy Er/Ebb « 0.057/µa, the ratio 
E,/Ebb should not be greater than 
0.00057. For Ebb = 180 volts, the 
peak -to -peak ripple is 0.00057 x 
180 = 0.1 volt. The voltage gain 
of one MV section (Fig. 2.9) is 
15, so that the ripple voltage at 
the grid of the non -conducting tube 
approximates 1.5 volts peak -to - 
peak. The total allowable change 
in E,1 is about 0.057 k4E55 or 7.4 
volts. 

What should be a satisfactory 
value of the ratio E,/Ebb in the 
power supply for the MV designed 
in Example IV? 

Section 2 fixes the maximum 
value of ripple because it uses the 
same type of tube and has the 
greater order of division, i.e., 4.8. 
From Fig. 4.6, äi = 0.085, hence 
it is desirable that Er be less than 
0.085E55/514 which is nearly 0.1 
volt. The gain of V, in the MV 
(Fig. 2.12) is approximately 25 so 
the ripple voltage at the grid of 
Va is about 2.5 volts. The total per- 
missible variation in E,, is about 
0.085 kc,Ebb = 11.5 volts. 

Comparison of the above ex- 
amples shows that the type 6N7 
in an MV section dividing by 4.8 
places approximately the same lim- 

17 See later discussion concerning the use 
of Fig. 4.6 in this case. 

Model 504-A 
Tube and Set Tester 

Right now Supreme is 100% 
in war production. After Vic- 
tory, you again can count on 
Supreme Testing Equipment for 
dependability, durability and 
ACCURACY . . . the same 
Supreme qualities which today 
are helping keep vital commu- 
nications open on the battle 
fronts of the world. 

Model 542 
Pocket Multimeter 

Net, Supreme 
"Hairline Accuracy" 

Meter 

SUPREME 
SUPREME IISTRDMCRTS CORP. 

WOOD, MISSISSIPPI, U. S. D. 
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itation on the ripple voltage as a 
type 6SN7 in a section dividing 
by 7. This is the result of the 
higher mu of the 6N7 and is not 
due to the greater gain realized 
in the circuit. [Refer to (4.13) 
and the discussion following it.] 
Figure 4.6 was used to find A, even 
though the values of Ni/f,C,R, 

used in the designs were consider- 
ably greater than the maximizing 
values given by Fig. 4.7. However, 
it has already been seen (Fig. 4.3) 
that the variation allowable in E, 
decreases very slowly for values of 
Ni/ f,C,,,R, greater than the max- 
imizing values. This, coupled with 
the fact that exact information 
on the tolerable ripple is not only 
more tedious to obtain, but also of 
little use, justifies the approximate 
procedure used above for estimat- 
ing permissible ripple. 

If ripple is present in the com- 
mon power supply, it is likely to 
affect the circuits supplying the 
synchronizing voltage to the MV as 
well as the MV itself. The net ef- 
fect of ripple in such a general 
case is difficult to predict. The in- 
formation provided here concern- 
ing ripple and feedback voltages 
is intended only as an order of 
magnitude check. For maximum 
safety against ripple voltages, the 
number of volts change allowable 
in E,-not percentage change-is 
of importance. 

Effect of Shunt Capacitances 

Shunt capacitances were not con- 
sidered in the development of the 
design equations of this analysis; 
since, in the light of experimental 
evidence, it was decided they would 
add unnecessary complication. For 
example, using 2500 ohm plate load 
resistors with type 6SN7-GT tubes, 
multivibrators were designed for 
frequencies as high as 100 kc. In 
most cases, experiment checked 
these designs within ±5 percent. 

The frequency of a symmetrical 
MV operating at 100 kc using a 
type 6SN7-GT tube with RL = 2500 
ohms, Rd = 80,000 ohms, Ca = 50 
µµf and Ebb = 200 volts, decreased 
4.5 kc when 10 µµf capacitors were 
connected from each grid to 
ground. Connecting 10 µµf from 
each plate to ground decreased the 
frequency only 2.5 kc; 100 µµf ca- 
pacitors similarly connected de- 
creased the frequency 10 kc, i.e., 

ELECTRICITY 
FOR ANY JOB -ANYWHERE 

For a dependable source of electricity on projects remote 
from commercial power, Onan Electric Plants are proven 
leaders in the field. More than half of the Armed Forces' 
total requirements for Power Plants are built by Onan. 

Gasoline -driven . . . Single -unit, compact design . Sturdy 
construction . . . Sound engineering . .. Suitable for mobile, 
stationary or emergency service. 

Over 65 models, ranging in sizes 
from 350 to 35,000 watts. 50 to 800 
cycles, 110 to 660 volts, A.C.-6 to 4000 
volts, D.C.-Also dual A.C.-D.C. out- 
put types. 

Descriptive literature sent promptly 
on request. 

D. W. ONAN & SONS 
1929 ROYALSTON AVE. 

MINNEAPOLIS, MINN. 

Awarded to each of the four 
Onan Manufacturing Plants 

esiett ot0 
O.K! 

BAKELITE SHEETS, RODS, TUBES 

FABRICATED PARTS 

Twenty Years of Experience 

ELECTRICAL INSULATION CO., INC. 
12 VESTRY ST., NEW YORK 13, N. Y. 
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The ALL -METAL Lock is 

Built in Here 

BDOTS ALL -METAL, Self -Locking Nuts are ideal radio 
fastenings. They can't work loose, yet they are 

easily removed or adjusted. Boots eliminate vibration 
noise, prevent resistance through bad contacts and any 
loosening of connections, simplify maintenance and as- 
sembly, and do away with lock -washers. They can be 
used over and over without accelerated locking loss. 

BOO'I'S 
SELF-LOCKING NUTS 

Wires No Excuse fora NutShakin Loo e 

Boots Aircraft Nut Corporation General Offices New Canaan, Conn. 

"I'M GLAD WE 
HAVE THOSE 
MONARCH 
INSTRUMENTS" 
...IN THE PLANT FOR 

FASTER PRODUCTION 

YES, 
Our calibrating 
equipment, and 
special testing - 
measuring in- 
struments are 
doing important 
"war jobs" ev- 
erywhere for 
manufacturers in 
the radio - elec- 
tronic field. May 
we help YOU? 

MONARCH MFG. CO., 2014 N. Major Ave., Chicago, III. 

AèRMANFN7 MAGNF/J 
ALL SHAPES - ALL SIZES 

FOR ALL PURPOSES 
Stamped, Formed, and Cast; Chrome, Tung- 
sten Cobalt and ALNICO** (cast or sin- 
tered) under G. E. license. 

THOMAS & SKINNER 
STEEL PRODUCTS COMPANY 
1116 E. 23rd STREET INDIANAPOLIS, INDIANA 

Laminations for Radio Transformers - Tools 
Dies-Heat Treating-Stampings 

42 YEARS EXPERIENCE=r-- 

the natural frequency of the MV 
became 90 kc. When 100 µµf ca- 
pacitors were connected from each 
grid to ground, the frequency in- 
creased to 107 kc. By increasing 
the value of Ch to 200 µµf and de- 
creasing Rd to 20,000 ohms, the 
natural frequency of the MV was 
made to decrease when the addi- 
tional 100 µµf capacitors were con- 
nected from the grids to ground. 

The natural frequency of the MV 
changed 15 kc as Ebb (obtained 
from a regulated power supply) 
was varied from 150 volts to 300 
volts. Frequency increased as Ebb 
was decreased. This is to be ex- 
pected, since µ., decreases as Ebb 
decreases. (See Fig. 1.8.) The per- 
centage variation of frequency is 
greater in this case than it would 
be at lower frequencies where 
higher values of RL and therefore 
of k could be used. See Appendix I. 

Multivibrator Waveshape 

If (1.9) is satisfied, the voltage 
across Chi will, for practical pur- 
poses, reach the value Ebb by the 
end of its charge time. Under these 
conditions, the equation describing 
the plate voltage, Ebb, of V, (Fig. 
1.1) during the time it is non- 
conducting isle 

1 EE"= Ebb 1 -[1 +R1bz/RL, u,.i 
1 RbzRLx 

\ +Rat(Rbz+ 
11 

RLa//J 

[11 Rai R°t \1I1I 

+ R L 2 ( R dl + R °, / J 

1 

- t 
exp Re,R, \) 

Cu (R L2+ ! 
(5.1) 

Rn+R°i 

where t is zero at the instant V, 
stops conducting. At time equal to 
zero, Ebb has a value Ebb times the 
difference between unity and the 
coefficient of the exponential. Ac- 
tually, some time is required for 
E. to reach this initial value, the 
amount of time being determined 
by the high frequency response of 
the circuit. As time increases, the 
exponential term decreases and Eb, 
approaches Ebb. Therefore, the 
waveform of the plate voltage after 
t = 0 is determined by the time 
constant of the exponential term. 
By decreasing the magnitude of the 

18 The development of this equation is 
given at the end of the present section. 
Eb, is total voltage and, therefore, includes 
the d -c component. 
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coefficient of this term, the steeper 
portion of the wave can be in- 
creased. One method for accomp- 
lishing this is to connect a resistor 
in series with the grid of V, and 
the junction of Ch, and Ra,. For 
this case, R of Eq. (5.1) must be 
replaced with (R,, + R,,) where 
R is the series grid resistor. Val- 
ues of Ra, greater than about 3RL, 
secure small additional improve- 
ment. Since (RD, + R,,) must also 
be used in the exponent, the rate of 
rise of Ea, after t = 0 will be less 
than it is without R,,. If Ra, is com- 
parable in value with Rai, the ac- 
curacy of the design equations will 
be impaired somewhat due to the 
resulting non -satisfaction of (1.9). 
The actual frequency will usually be 
greater than the equations predict. 

Connecting Ra, in series with the 
grid of V, will improve the high 
frequency response of the plate 
circuit of V because the grid - 
cathode capacitance of V, is isolated 
from the plate -cathode capacitance 
of V,. However, the high frequency 
response of the grid circuit of V, 
will be reduced because its grid - 
cathode capacitance sees a higher 
resistance generator. The original 
high frequency response of these 
circuits can be partially restored by 
connecting a condenser, Ca in par- 
allel with R. The capacitance of 
Co, should be approximately 5 to 

10 times the grid -cathode ca- 
pacitance of V,. At medium fre- 
quencies, inclusion of Ra, and Ca, 

usually has negligible effect upon 
the natural frequency of the MV, 
increasing it less than 1 per cent. 
A similar combination may be con- 
nected in the grid circuit of V,. 

Another effect of Ra, is to de- 
crease the magnitude of a tail oc- 
curring in the negative direction 
on the plate voltage wave of each 
tube at the time the tube becomes 
conducting. The tail on the plate 
wave of V, is due to the charge 
current of Ca, driving the grid of 
V, positive. The duration of this 
tail is determined by the time con- 
stant of Eq. (5.1). Ra, decreases 
the magnitude of this tail because 
it increases the resistance of the 
generator driving the grid of V,. 
Note that Ra, steepens the wave - 
f ront of Ez_ and decreases the tail 
of Eo,. Similarly, Raz would steepen 
the wavefront of E and decrease 
the tail of Roo. Ca, will restore the 
tail, but with somewhat reduced 
amplitude and duration. 

Equation (5.1) is developed as 
follows: It is desired to write the 
expression for the voltage appear- 
ing from plate to cathode of the 
tube in the equivalent circuit of 
Fig. 1.13. This voltage, E,,, will be 
equal to the difference between Ebb 

and the voltage drop in Rr, due to 

LIFE BOAT COMMUNICATIONS EQUIPMENT 

A combination radio -telegraph -telephone set for use in life boats is demonstrated by 
employees of Radiomarine Corp. of America. While one man cranks the generator, 

the other operates the equipment to contact nearby ships 

A Complete 

146 

Service 

for Small Parts... 

DEHYDRATING 
Small parts are thoroughly dehydra- 
ted for the length of time needed 
to thoroughly extract moisture. 

AUTOMATIC DIPPING 
Parts are waxed and varnished ac- 
cording to specifications and all 
areas are thoroughly coated. 

IMPREGNATING 
Sufficient time is allowed to thor- 
oughly impregnate all materials to 
the full extent of their porocity. 

CENTRIFUGING 
All surplus wax is removed by this 
operation leaving all machined sur- 
faces and counter bores clean and 
smooi h. 

All smooth surfaces are polished to 
a dust -free hard finish. 

Daily 
PICK - UP AND DELIVERY 

in METROPOLITAN AREA 

PRODUCTION 
ENGINEERING CORP. 

666 VAN HOUTEN AVE. 
CLIFTON, N. J. 
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DEPENDABILITY 

R.M.E, Radio equipment m 
Greenland-one o' hun- 
dreds of R.M.E. wartime 
instaflations. 

B. it with "extra value" that's 
the reason R.M.E. Radio Communi- 
cation equipment is performing so 
dependably in every corner of the 
globe,, R.M.E. engineers insist upon 
the best in design and construction. 
You get plus qualities in every piece 
of R.M.E. equipment. Alter the war 
is won, make R.M.E. your choice of 
radio equipment, 

,R. M., E.'- Since 1933" 

, .^ 
. */rF et 

FINE COMMUNIZATIONS EQUIPMEN1 

RADIO MFG. ENGINEERS, INC. ..e;i U. S. A. 

the charging current of C,,,. It is 
necessary, therefore, to first find 
how much voltage is across C,, at 
the instant it stops discharging and 
begins to charge toward Ebb. For 
this purpose, refer to the equiva- 
lent discharge circuit, Fig. 1.3a. 
The instant the voltage across Rd, 
becomes greater (less negative) 
than -E,,,, the capacitor will stop 
discharging and begin to charge. 
When Ed, - E,,,, the total voltage 
drop in the resistance of the circuit 
will be E,,, 

1 

1 ( Rbz R,: 
+ Rd' ./7b2 

The voltage across the capacitor is 
decreasing toward the applied volt- 
age. Therefore, when Ed, = E,,,, 

Ebb - Ebb Rbzf 
R1, 

Ls) R 
l 

+ E,,, [1 f 
Ia< (RRb+ RLz/J (5.2) 

With this information, the plate - 
cathode voltage of V, is readily 
written from Fig. 1.13; and, after 
some simplification, becomes Eq. 
(5.1). 

Comparison of Characteristics of 
Triode and Pentode Tubes in MV 

Circuits 

1. The a -c plate resistance of the 
average pentode is many times that 
of the average triode. 

2. The d -c plate resistance, Rb = 
Eb/Ib, is of the same order for both 
triodes and pentodes. 

3. For a given value of grid bias, 
the d -c plate resistance of triodes 
decreases as the plate voltage is 
increased. 

4. For given values of control 
grid bias and screen grid voltage, 
the d -c plate resistance of pentodes 
increases almost linearly with plate 
voltage, except for plate voltages 

near zero. Therefore, lb versus Ebb 

and Ib versus R,, approximate hor- 
izontal lines. 

5. In the case of triodes, the d -c 

plate current is a function of the 
plate load resistor. The factor k 

increases slowly with R,.. 
6. Because the d -c plate current 

of a pentode is practically inde- 
pendent of the plate load resistor, 
the factor k increases directly with 
RL. Therefore, the MV can be de- 
signed to provide a logarithmic 
variation of period with linear 
variation of RL. 

The equations developed for 
triode tubes in multivibrators hold 
equally well for pentodes, if the 
proper interpretation is placed 
upon the quantities involved. For 
pentode tubes, Eq. (1.5a) becomes 

a, Tt = log, /et µ,o, 
Ib, Rr.z 

E.,, 
where E., = Screen grid voltage. (Assumed 

constant) 

4 [ 

1 

(1.51a) 

+1 ( Rbz RLs )J 
Ra, \Rz -- RLz/J 

= 
Ibz = d -e plate current through V,. 

When interpreting Eq. (1.51a), 
one should remember that 11, is a 
function of E,,,. 

Conclusions 

The most important conclusions 
may be summarized as follows: 

1. The percentage variation in 
the natural period of an MV 
through which a given order of 
division can be maintained is not a 
function of the tube type or of the 
ratio of the controlled period to the 
natural period; rather, it depends 
only upon the order of division. 

2. The required amplitude of 
synchronizing pulse increases rap - 

Test Insulation the Modern Way 
with a MODEL B-5 

MEGOHMER 
NEW BATTERY -VIBRATOR TYPE 
N. ware tiresome cranking of a hand -driven 
generator . . . Entirely self-contained, steady 
test potential of 500 volts DC, available at the 
touch of a switch. Direct reading in insulation 
resistance 

HERMAN H. STICHT CO., INC. 
27 PARK PLACE NEW YORK, N. Y. 

VARIOUS NEW MODELl 

AND RANGES 

WRITE FOR BULLETIN No. 410 
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idly with decreasing ratio of con- 
trolled to natural period. 

3. The number of volts variation 
in the amplitude of the synchro- 
nizing pulse for which the order 
of division remains constant varies 
slowly with the ratio of the con- 
trolled to the natural period. Con- 
sequently, the allowable percentage 
variation in the amplitude of the 
synchronizing pulse decreases rap- 
idly with decreasing ratio of con- 
trolled to natural period. 

4. If only one tube of an MV is 
synchronized, the percentage varia- 
tion that can be tolerated in the 
time constant circuits is approxi- 
mately half that permissible if both 
tubes are synchronized. 

5. The preceding conclusions are 
based upon the use of a positive 
impulse of synchronizing voltage. 
Use of rectangular synchronizing 
pulses of finite duration is equiv- 
alent, in its effect upon the varia- 
tions that can be tolerated in the 
time constant circuits and in the 
amplitude of the synchronizing 
pulse, to an increase in the order 
of division. 

Appendix V 

Since the maximum allowable 
value of N,/f,CJ,,R, in Eq. (4.4) is 
equal to (1 - aa,)log,(k4r,a,), ß,, 

METER BEARINGS 

An operator checks the temperature of 
a hydrogen flame used in conjunction 
with a punch press to form glass jewels 
for meters. The glass rod is fed into the 
press by the motor drive in the fore- 

ground 

CONTACT POSSIBILITIES 

aettemeeed7 

CAM LEVER SWITCH 
Here is a switch that can be made up with any combi- 
nation of 32 types of contact assemblies-the possibil- 
ities are unlimited! 

And you can count on the MASTER switch for long 
life and trouble -free service because-the positive 
positioning cam has roller detents which eliminate fric- 
tion and contact bounce-it is static shielded-non- 
corrosive-has no side thrust. All contacts can be 
removed from frame by removing a single bolt. 

Contact rating, 10 amps., 125-V.A.C.; 2 amps., 
125-V.D.C. Write for catalog which gives complete 
mechanical and electrical specifications. 

If you're thinking of switching, think of 

"GENERAL CONTROL COMPANY 
1200 SOLDIERS FIELD ROAD 

BOSTON 34, MASS. 

This was the highest "Q" loop known. 
It went into vast numbers of pre-war 
receivers. For the present, all of our 
efforts are devoted to making DX Xtals 
but when Peace comes, we hope to be, 
once again, the World's Largest Loop - 
Aerial Manufacturers. 

May we help you with your post war plans? 

GENEFAL OFFICES: 1841 W. CARROLL AVE., CHICAGO, ILL., U.S.A. 

XTALS 
"Me heart of a good traasmmer 
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A NEW 
TEST SET 

Now available 
for general use 

Originally designed for a large Electronic Manufacturer 

For production testing of tunable resonant cir- 
cuits. A rapid means of determining maximum 
and minim l;m limits, for use in megacycle range. 

BOONTO ADIÒ 
BOONTON, N. N.J. ete-C ^"" 

DESIGNERS AND MANUFACTURERS OF 
THE "Q" METER ... QX-CHECKERI ... FREQUENCY MODULATED SIGNAL GENERATOR 
BEAT FREQUENCY GENERATOR ... AND OTHER DIRECT READING TEST INSTRUMENTS 

2 
-RESISTA 

S/NTSGRAI ? 
? ° scic`gzE 

\ POR Sill 

G 

k/c4rE 

rÀ 

A` EXPAN 

WHY NOT TRY C= THEN 

SUPERIOR CARBON 
PRODUCTS, INC. 

9117 George Avenue Cleveland, Ohio 

Carbon has known properties which 
enable it to make good brushes and 
other electrical products. It has other 
properties, too, which fit it to enter new 
fields; non -corrosive; porosity can be 
varied as desired; natural lubricating 
qualities-no artificial lubrication nec- 
essary; can be impregnated with 
metal; coefficient of expansion prac- 
tically zero; melting temperature not 
yet reached. . . . The Superior engi- 
neering staff is working constantly on 
such projects-to find new uses for 
carbon. Possibly that puzzler you 
have before you now is a natural. 

Why not write us today? 

SUPERIOR 
CARBON 
BRUS ES 

HAVE Aele, 
YOU AN 

ELECTRONIC 

Our engineers stand ready to give you the benefit 
of our 34 years of experience in the building of trans- 
formers for a wide range of products, including many 
in the electronic field. If you have a transformer 
problem, please feel free to write us. 

SEND .or 
Specification, 

a a"otation 

DONGAN ELECTRIC MANUFACTURING CO. 
2977 Franklin Detroit 7, Mich. 

"The Dongan Line Since 1909" "DONGAN" 

can be written in terms of 
Sa, and 3t1. 

Substitution of 
[k, 14..1]-0-8a0 

for 

ßd1 = 
[k, 14.1]8 - [k, 

where 8 = (1 - sal) (4.41) -\i+S;1 
This equation continuously ap- 
proaches 1 as k,µ,,, approaches in-, 
finity. For Sal = 831 and N, = 2.5, 
ßa1 starts at about 40 percent for 

= 2 and increases rather rap- 
idly to about 50 percent at k,µ,,, = 
14, then slowly approaches 52 per- 
cent for k,µ,,, = 20. For Ni = 5, 
ße has values of about 46 percent 
and 50 percent for k,µ,,, equal to 2 
and 10. For k,µ,,, > 10, the values 
of ßa, for all practical orders of 
division lie within a band a few 
percent wide with an average value 
of about 50 percent. Hence, in prac- 
tice the value of k,µ,,, is not im- 
portant so far as S. is concerned. 

exp 
- N1 

in Eq. (4.4) gives 
flus w.118 - [kºl4.1]-11-6,0 
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Symbols Used in This Paper 

The numerals 1 or 2 appended 
to a subscript indicate the section 
of the circuit in which the com- 
ponent or voltage is located. 

A = E./E,.. 
C. = Plate to grid coupling capacitor. 

Ebb = Plate supply voltage. 
E., = Magnitude of d -c grid voltage re- 

quired for plate current cutoff. 
E. = Peak to peak ripple or feedback 

voltage in Ebb. 

Ere' = Ripple synchronizing voltage as it 
appears in the grid circuit of V1. 

E, = Peak amplitude of the synchronizing 
voltage. Except where it is speci- 
fically stated to the contrary, E, is 
considered positive. 

f, = Frequency of ripple or feedback 
voltage in Ebb. 

f, = Frequency of the synchronizing 
voltage. 

kl = 1 

Rbl I Rb, RLl 
1 

RL1J.` R61 + RL1J 

1 Rai k2Rb_ R62 Rlx 
1 

RL2 
Rdl + RL2 

MV = Multivibrator. 
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JONES 
BARRIER STRIPS 

SOLVE MOST TERMINAL 
PROBLEMS 

A compact, sturdy terminal strip with 
Bakelite Barriers that provide maxi- 
mum metal to metal spacing and pre- 
vent direct shorts from frayed wires 
at terminals. 

6 SIZES 

cover every requirement. From 3/4 

wide and 13/32" high with 5-40 screws 
to 21/2" wide and 1 /8" high with 
I/4"-28 screws. 

Jones Barrier Strips will improve as 

well as simplify your electrical infra - 
connecting problems. Write today 
for catalog and prices. 

HOWARD B. JONES 
2460 West George Street 

CHICAGO 18 ILLINOIS 

Professional Services 

STANLEY D. EILENBERGER 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
Design-Development-Models 

Complete Laboratory and Shop Facilities 
6309 -13 -27th Ave. 

Kenosha, Wis. Telephone 2-4213 

J. L. A. McLAUGHLIN 
Designer of 

Communications Receivers 

P. O. Box 529, LaJolla, Calif. 

JOSEPH RAZEK, Ph.D. 
Consulting Physicist 

Electrical and Mechanical Engineering Problems 
Instruments and Control Devices Electronics 
Specialists in Colorimetry. Spectophotometry and 

Industrial Color Control 
Laboratory and Shop Facilities 

. 202 Darby Road Llanerch, Pa. 
Phone Hilltop 6910 

WOODWARD & KEEL 
Consulting Engineers 
Industrial Electronics 

& Communications 

6306 Bellona Ave., Baltimore, Md. 

N = Order of division of one synchronized 
section of multivibrator. 

N1 = T1/T. = Order of division of V1 and 
its associated components. 
r Rb2 RL2 1. LRai+Rv2+RL: 

[Ra Rai RLl 1. + Rai + Rc 

d -c plate resistance of the tube. 

Grid resistor. 
Grid -cathode resistance of the tube. 

Plate resistor. 
Dynamic plate resistance of the 
tube. 
time. 
Non -conducting time of Vi. 

Non -conducting time of V2. 

Tlrr = Tl + T2 = Period of the multi- 
brator. 

T. = Period of the synchronizing voltage. 
1 

C14(Rai -}- 
RRb2 

RL2 

n+ RL2/ 

RI = 

R2 = 

Rb = 
Ra = 
R, = 
Ri 
R, = 

t= 
T1 = 
T2 = 

al = 

an = 

100ßa = 
10013; = 
100áa = 

1008r = 

la.. = 

v = 

Cb ( -I- 
Rbl RLl 

Rbi + RLl 

Percent decrease in E.. 

Percent increase in E.. 

Percent decrease from nominal 
value of discharge time constant 
or of f.. 
Percent increase from nominal value 
of discharge time constant or of f.. 

Eaa/E... = Usually 1/2 to 3/4 of 

the rated amplification factor of the 
tube. 
Width of rectangular synchronizing 
pulse/ T.. 

Many of the equations are writ- 
ten only for section 1 of the MV. 

The corresponding equation for sec- 

tion 2 can be obtained in every 
case by replacing the sub -numeral 
1 with 2 and the sub -numeral 2 

with 1. 

(1) 

(2) 
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THE BEST EXECUTIVE is the 
one who has sense enough to pick 
good men to do what he wants -done, 
and self-restraint enough to keep 
from meddling with them while 
they do it.-Theodore Roosevelt. 

,,,,,,, ,,,,,,,...,,,.,,,,,.MeOr 

Opening 
for 

MOTOR 

ENGINEER 

Engineer with 
electric motor 

experience, 
ingenious, and 

with sound basic 

engineering 
knowledge to 

be assigned 

unhampered to 

very interesting 
project. 
Location East. 

Medium size 

concern 
with established 
reputation in 

electronics field. 

Salary 
commensurate 
with ability. 

P-629, Electronics 

330 West 42nd St. 

New York 18, N. Y. 
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FIRST AND LAST 
THE FIRST WORD IN 

CRYSTALS ... 

Remember This? 

THE LAST WORD IN 
CRYSTALS... 

Do You Use These? 

The first word in funda- 
mental design- VALPFY 

The last word in precision 
craftsmanship - VALPEY 

We, Valpey, esteem it a privilege to 
devote our entire production to the 
service of our country in war. 

We shall consider it an equal priv- 
ilege to serve society in peace when 
we resume our place as the leader in 
our field of custom-made crystals for 
all frequency control applications, for 
mountings, temperature control ovens 
and all other expedient uses. 

NEW XLS 

Special low 
frequency unit 
developed pre. 
marily for use 
in vital war 

equipment. 

For Information On 
QUARTZ PRISMS, LENSES AND 

SPECIAL OPTICAL PIECES 

CRYSTAL CORP. 
HOLLISTON, MASS. 
"Craftsmanship in Crystals" 

Backtalk 
This department is oper- 
ated as an open forum 
where our readers may 
discuss problems of the 
electronic industry or 
comment on articles 
which ELECTRONICS 
has published. 

Applause 
(1) Foa PAGES 94-95, December 
ELECTRONICS. My vote goes for 
communications symbols. I once 
wrote a similar article (in another 
field) under the title "Confusion 
Less Confounded." 

(2) For article on "Permanent 
Magnet Design." Magnetism is a 
fascinating subject, though its lan- 
guage is often vague. The present 
discussion is clearer than most, but 
still is cloudy in spots. 

(3) For (a) the high quality of 
subject matter and (b) the impres- 
sive physical size of ELECTRONICS. 

NICHOLAS B. COOK 
Instructor ESMWT, 
Rutgers University 

Doublers 
IN THE "Radio Engineering Hand- 
book" there is the statement "it is 
not possible to use a dual electro- 
lytic condenser for voltage doubling 
if the negative lead is common". 
As a matter of fact, there is a cir- 
cuit which works almost as well as 
the one you have presented and has 

Surge protection 
re 

125s. 

25Z5 

20 +20 + 
Nf 

Two forms of voltage-doubl'ng circuits 
using condenser networks having com- 
mon negative leaks. One is for two 
half -wave rectifiers, and the other for 
doub`e-diode rectifiers like the 25Z5 

We are prepared to 
supply etched metal 

DIALS PANELS 

PLATES 

made to your precise 
engineering specifi- 
cations in all metals 
and finishes. 

THIRTY YEARS OF SERVICE 

TO AMERICAN INDUSTRY 

PREMIER METAL ETCHING CO. 

21-03 44TH AVENUE 

LONG ISLAND CITY, NEW YORK 

* 

STEATITE 
CERAMIC 

CHARACTERISTICS 
Specific gravity of only 2.5 to 2.6 
Water absorption 5, 1.5-0.001 per 
cent. Per cent power factor. 
S. 1.5 to 60 cycles was only 0.0165. 
Dielectric constant at 60 cycles 
was 5.9-1000 KC 5.4. 

Makers of electrical and radio apparatus des- 
tined for war service are finding in LAVITE 
the precise qualities called for in their 
specifications . . . high compressive and 
dielectric strength, low moisture absorption 
and resistance to rot fumes, acids, and high 
heat. The exceedingly low loss -factor of 
LAVITE plus its excellent workability 
makes it ideal for all high frequency appli- 
cations. 

We will gladly supply samples for testing. 

D. M. STEWARD MFG. COMPANY 
',lain Office v Works; Chattanooga, Tese. 
New York Needham, Mass. Chicago Los Angeles 
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a coírtrrtort cathode type condenser 
network. The result is a half -wave 
doubling effect that requires a little 
more filtering than the full -wave 
doubler presented. 

CPL WILLIAM H. HOUNSELL 
Sioux City, Iowa 

You are right in calling the state- 
ment incorrect, about the negative 
electrolytic condenser lead. How- 
ever, a little consideration of your 
first circuit will show that it is less 
desirable than if it had one d.c. 

output lead at the same potential as 
one side of the a.c. line. In this 
latter case both condensers must 
be independent. 

You may be interested in an 
article "Thermionic D -C Supply 
Systems" published in February 
1944 ELECTRONICS. It gives volt- 
age -current outputs and compari- 
sons for several circuits, using 
paralleled rectifier tubes. A circuit 
similar to yours is shown, and in 
addition the ratings for the full - 
wave doubler which you mention. 

R. C. HITCHCOCK 
Lt. USNR 

Dept. Elec. Eng. 
U. S. Naval Academy 

Annapolis, Md. 

Meter Dials 
IT MAY BE of some interest to you 
that I am the originator of the 
symbols for meter dials, of which 
you have printed a number in the 
November 1943 issue of ELECTRON- 

ICS, when I was the Chief Engineer 
of Siemens & Halake, Berlin. 

It was about 20 years ago, 1922 
or 1923, when more and more new 
types of instruments were devel- 
oped. The purpose of these sym- 
bols was certainly not to help the 
sale of Siemens instruments in for- 
eign countries, but to give every 
user of an instrument the ability 
to recognize the nature of the in- 
strument, to use it properly, switch- 
board instruments as well as port- 
able instruments. An electrody- 
namic or a moving iron voltmeter 
might be used on d.c. as well as on 
a.c., while an induction instru- 
ment would burn out very soon if 
connected to d.c. A rectifier instru- 
ment for high frequency might 
well stand an overload of 500 per- 
cent while an instrument with 
thermoconverter would burn out at 
once. 

The above motive refers as well 
to domestic customers as to custom- 

* Gibsiloy "A" does not increase 
appreciably in contact resistance with 

use and time as do most other contact 

materials. In one installation, with a 

resistance of .0013 ohms at the begin- 

ning, after 1,000,000 makes and 

breaks at 9 amps., 115V 60 cycle 

AC, the resistance was only .0015 

*41,11In11rrr,/ 

Gibsiloy 
ELECTRICRL CONTRCTS 

8361 Franksfown Ave., Pittsburgh 21, Po. 

ohms at one ounce contact pressure. 

Gibsiloy "A" combining the electrical 

properties of fine silver with the 

mechanical properties of nickel, also 

has exceptional non -sticking qualities 

and low arc energy. It can be readily ma- 

chined or coined into any desired form. 

Consult us on your contact problems. 

Mc CRAW -H ILL 
DIRECT MAIL LIST SERVICE 

MAILING LISTS 

THAT 

WORK ... 
McGraw-Hill Industrial Mailing Lists are a direct route 
to today's purchase -controlling executives and tech- 
nicians in practically every major industry. 

These names are of particular value now when most 
manufacturers are experiencing constantly increasing 
difficulty in maintaining their own lists. 

Probably no other organization is as well equipped as 
McGraw-Hill to solve the complicated problem of list 
maintenance during this period of unparalleled changes 
in industrial personnel. These lists are compiled from 
exclusive sources, based on hundreds of thousands of 
mail questionnaires and the reports of a nation-wide 
field staff, and are maintained on a twenty-four hour 
basis. 
Investigate their tremendous possibilities in relation to 
your own product or service. Your specifications are our 
guide in recommending the particular McGraw-Hill lists 
that best cover your market. When planning your indus- 
trial advertising and sales promotional activities, ask 
for more facts or, better still, write today. No obligation, 
of course. 

McGraw-Hill Publishing Co., Inc. 
DIRECT MAIL DIVISION 

330 West 42nd Street New York, 18, N. Y. 
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NEW 
JUST / 1944 

OUT! 1 
EDITION 

800 Page 
Buying Guide 

RADIO PARTS 
RADIO TUBES 

and INDUSTRIAL 
ELECTRONIC EQUIPMENT 

IN A HURRY 
FROM OUR LARGE STOCK! 

* * * 
SEND FOR FREE CATALOG! 

New 1944 Edition-Just Out! 
Write today on your company letterhead for this 
massive 800 page, bound volume containing every- 
thing in radio and electronic equipment. 

Address Box M.E. 
Telephone BArelay 7-1840 

SUN RADIO 
& ELECTRONICS CO. 
212 Fulton Street, New York 7, N. Y. 

.,,,,,,,,,,,,,,,,,,l 1111111111111111111111.1111111 lllll 111111 lllll 1111 llllllllll 1 llllllll 11111 llllllllllll 

WANTED 

Electronic 
Engineers 
1) for Ultra High Frequency Lab- 

oratory Development Work. 
2) for Production Supervision & 

Tests. 
3) Draftsmen - design, layout, 

specifications; bills of ma- 
terial. 

If you believe that you have ideas 
and ability beyond your present 
job, one of our clients, an Elec- 
tronic equipment manufacturer, of- 
fers important opportunities for 
future growth. This company is 
small enough to enable you to 
work directly with the owners, yet 
it is sufficiently large and well es- 
tablished to make full use of your 
best talents. Our client's staff knows 
of this ad; all replies confidential - only the company's president 
will read your letter. Please write 
fully to: 

"ELECTRONIC OPPORTUNITY" 

HAROLD MARSHALL ADVERTISING CO. 

565 FIFTH AVE. NEW YORK (17) 

T (WMC Release Rejuired) 

ELECTRONIC 
CONTROL OF 
RESISTANCE 
WELDING 

By GEORGE M. CHUTE 
Application Engineer, 

General Electric Company, at Detroit 

389 pages, 6 x 9, 
173 illustrations, 84A0 

COVERS 
-ignitron contractor -time -delay relay 
-automatic Weld 

timer 
-pulsation welding 
-sequence controls 
-synchronous spot- 

weld timer 
-weld heat control 
-seam -welding 

control -all -tube control for 
seam, spot a n d 
pulsation welding -welder controls used 
with series capaci- 
tors 

-capacitor stored - 
energy control 

-reactor stored - 
energy control 

-Exactly how the electron tubes and other 
elements of these controls work- 

-What circuits are used and why- 
-What happens at every point in the cir- 

cuit, at each moment of operation- 
-How to install the equipment- 
-How to maintain it for long life and effi- 

cient service- 
-that's the sort of information you can get 
from this new book-by means of some of 
the most practical, clear, and easy -to -under- 
stand explanations you ever have seen ap- 
plied to a technical subject. 

Here is an unusually simple and practical 
manual, fully explaining the tubes and cir- 
cuits used to control resistance welders in 
industrial plants, for the aid of men who 
work with and maintain these controls. From 
it, the man with no previous training in 
electronics can gain a sound knowledge of 
tubes and circuits and their application in 
all varieties of control devices, including syn- 
chronous timers and stored energy controls. - 
How the tubes work, power requirements, 
the factors for good welding involved, in- 
stallation and maintenance of the devices- 
everything is covered to give the reader the 
ability to get the most in long life and effi- 
cient service from these equipments. 

10 DAYS' FREE EXAMINATION-SEND THIS COUPON 
McGraw-Hill Book Co., 830 W. 42nd St., New York 1S, N. Y. 
Send me Chute's Electronic Control of Resistance Welding for 10 days' examination on approval. In 10 days I will send $4.00, plus few cents Postage, or return book postpaid (Postage paid on cash orders.) 

Name 

Address Position 
City and State Company L 3-44 

ers in foreign countries. At the 
same time I had the resistance or 
voltage drop or similar data printed 
on the scale, so that it was not nec- 
essary to measure it, and it was 
possible to detect some defect from 
a change in the resistance. I do not 
believe in giving such data on a 
special chart which, when it is 
needed, is always in some drawer. 
It was very essential to indicate the 
test voltage, so that the user might 
see in what circuit he could use a 
certain ammeter with safety. 

From Siemens . the Verband 
Deutscher Elektrotechniker adopted 
these scale markings as German 
standards, and later the Interna- 
tional Electrotechnical Commission 
adopted them as international 
standards. There were some 
changes in the symbols, but only 
very few. Most of them are printed 
in ELECTRONICS now as they were 
used by Siemens 20 years ago. 
Some members of the international 
committee liked to introduce some 
of their own ideas, and in fact, 
some of the new symbols (e.g., for 
induction instruments) are better 
than the ones I had used. This was 
1935, as far as I remember, and the 
meeting was in Paris. 

Of course, such international 
symbols are a great help when the 
instruments were sent to foreign 
countries. 

However, to meet the require- 
ments for the export in at least a 
dozen foreign language countries, 
it was necessary to use symbols in 
place of every word written before. 
This started with the units, am- 
peres, volts, watts and so forth. 
There was not only the necessity to 
make a special scale for every 5 -dol- 
lar switchboard instrument, but 
there was always, believe it or not, 
a complaint that a word was not 
properly spelled. To get away with 
all this, I had only V, A, kW on 
the scale, which are written in the 
same way in all countries except 
the United States, where small let- 
ters are used. 

The next step was to add other 
inscriptions like "zero adjustment" 
or "to be used only in horizontal 
position", or "battery", and so on. 
These symbols were developed to 
help sell the instruments in all 
countries without having transla- 
tions made (which were many 
times not correct). I think I devel- 
oped quite some ingenuity in doing 
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this. It was a great help for the 
manufacturer and the customers 
liked the symbols very much too. 

You are certainly right in sug- 
gesting that such symbols should be 
adopted also for American prod- 
ucts, and I would say not only for 
practical but also for sentimental 
reasons. Latin countries like very 
much to have their own language 
on their instruments, but if they 
cannot get this, they will prefer 
symbols to a foreign language. 

I think there is nobody in this 
country who has so much experi- 
ence- in this very special field as I 
have and if there should be the de- 
sire to adopt this European system 
of symbols (I called them also 
HIEROGLYPHS), I would be will- 
ing to give every assistance. 

GEORGE KEINATH 
Larchmont, N. Y. 

Electronic Recording 
Re: Messrs. Parny, p. 280, 

August, 1943 and Seaman p. 348, 
November 1943. 
IN CONSIDERATION of your sugges- 
tions for a new type of electronic 
pickup employing a fixed film, 
scanned by a cathode-ray tube, may 
I point out the following: 

Compression of the sound track 
dimension in one axis, as proposed, 
requires compression in the other; 
i.e., the "light source" slit aper- 
ture must be decreased by the 
same ratio by which its length has 
been decreased in order to obtfi.in 
the same fidelity of sound repro- 
duction. 

Two of the factors which prevent 
decreasing the slit aperture dimen- 
sion are light interference and 
light intensity; i.e., the slit of 
0.0015 to 0.0005 inch now used in 
film sound reproduction is very 
near a lower limit due to light 
interference caused by the edge 
effects of the aperture itself. Cut- 
ting down the light intensity from 
such a feeble source as the illumi- 
nation furnished by cathode-ray 
screen fluoresence would require 
a current amplifier tube, a FP54 
or the like, to indicate such minute 
signals. 

Might I suggest using a more 
powerful source of light, mechanic- 
ally scanned, rather than the 
cathode-ray tube whose only advan- 
tage is electronic scanning, the 

slow, stable motion of which could 
be produced only with difficulty. 

Light interference from the nar- 
row aperture is the greatest prob- 
lem, as I see it. A compromise 
between fidelity of reproduction 
and sound track width, at constant 
ratio of aperture length to width 
must be arrived at ("Electrical 
Engineer's Handbook," 6-46, Pen- 
der & Mcllwain) and is the limit- 
ing factor for this system as well 
as for every conventional sound 
on film system which probably ever 
has been built. 

DONALD F. PENNIE, 
Junior Physicist, Aero Laboratory 

Minneapoli.º Honeywell Regulator Co.. 
Minneapolis, Minn. 

Tube Shortages 
THE ARTICLE "Tubes for Civilians" 
on your page for November 1943 is 
rather misleading; from a personal 
interest in obtaining a particular 
tube I can give a new angle to the 
subject. 

From a painful survey of all local 
radio suppliers it appears that no 
tubes of the type 12SA7 have been 
available for at least four months. 
As you know, many of the last few 
radios manufactured used this tube 
and many of them have failed by 
now. Owners of such sets are doing 
either one of two things, having 
an old set extensively rebuilt and 
repaired at considerable expense 
in both materials and labor, or hav- 
ing rather involved circuit changes 
made in their newer set so that it 
may use a substitute tube (6SA7) 
which is sometimes available. 

R. L. ALCORN, JR., 
Beaumont, Texas 

Curriculums 
THANK YOU for publishing "A New 
Curriculum in Electrical Engineer- 
ing" by Gray and Frazier in the 
October 1943 issue. 

The terms of employment of tech- 
nicians keep them out of touch 
with, and inarticulate about, the 
education which is producing their 
successors. This is particularly 
true as compared with the parts 
taken by medical people and the le- 
gal gentry in their sorts of educa- 
tion. Articles such as these will 
give us information otherwise un- 
available. 

M.I.T. is to be commended for 
formulating a curriculum which 

LIKE 
JI ALDEN 

WORCESTER 

TO O LS 
l,kYo oaae, 

ALDEN 
RENCHES 

STEVENS WALDEN, INC. 
459 SHREWSBURY STREET 

WORCESTER, MASSACHUSETTS 
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You get fastest action in meeting 
new conditions when you're fully 
prepared for any probability. That's 
why Bell Sound Systems, Inc., were 
able to get into action quickly in 
producing new and complex elec- 
tronic devices for wartime needs - 
Bell had accumulated years of expe- 
rience and research findings in the 
field of electronics. This broad knowl- 
edge of electronics and its applica- 
tions, redoubled in scope by Bell's 
wartime accomplishments, will be 
ready to put this new science to work 
quickly, in endless ways for improve- 
ments in the industrial, commercial 
and domestic scenes of tomorrow. 

A TYPICAL BELL PRODUCT 
THAT MAY HELP YOU TODAY 
In hundrds of plants and offices 
today, BELfone is speeding calls 
between executives . . . freeing 
telephone lines front inter -office 
tie-ups . . . saving steps, time and 
manpower in getting informa- 
tion front one department to an- 
other . . . reducing errors by pro- 
viding for clear, concise, verbal 
orders. BELfone units offer every 
type or scope of inter -office com- 
munication. Write for details. 

R3 BELL 
SOUND SYSTEMS, Inc. 
1189 Essex Ave., Columbus 3, Ohio 
Expert: 4900 Euclid Ave., Cleveland 3, Ohio 

stresses fundamentals, common 
principles, and sequences. There 
has been too much teaching of dis- 
crete information, each like a small 
pill to be separately swallowed, 
without too much reference to what 
preceded or was to follow. 

It would be an added gain if the 
social studies were likewise organ- 
ized. For instance, anthropology 
could well have been included in 
these courses. Combined with the 
History already there, it would help 
in coordinating the characteristics 
of human nature to human behav- 
ior, similar to the way advanced 
techniques in these courses make 
use of engifíeering fundamentals. 

Personally, I believe it would be 
better to displace "economics" en- 
tirely, in favor of Anthropology. 
Since this could not be considered 
wise-and certainly not fashion- 

' able-the inclusion of Anthropol- 
ogy would give a touch of causal se- 
quence to studies in "the" Human- 
ities which "economics" is unable 
to offer. It would furnish desirable 
realism and sophistication to offset 
some of the naivete and poignant 
make-believe on which orthodox 
Economics must rest. 

I trust you will publish other ar- 
ticles on education. 

J. A. DOUGLAS, 
Anniston, Alabama 

West 
A COPY OF your October issue has 
just come to my attention through 
a friend here in North Africa. My 
own copies are now going to my 
U. S. address rather than risk los- 
ing them in transit. 

I am now taking the liberty of 
pointing out that you have negli- 
gently offended me and doubtless 
others of your readers. 

I refer to your announcement 
that Mr. Dudley will henceforth be 
located in Chicago as your Western 
Editor. It has been the source of 
considerable annoyance to me to 
note the attitude of some ill-in- 
formed people in regard to the 
geography of the United States and 
I am sorry to find a publication 
with which I find so little fault 
placing itself in such company. 

May I point out that Chicago is 
in the eastern third of the United 
States and that to really be in the 

ffname t mber whenthe 

war is forgotten 
* 

VERTICAL TUBULAR 

STEEL RADIATORS 

PATENTED FM 

TURNSTILE RADIATORS 

* 
We're"all out"for Victory, 
but our engineers are ready 

to work with you on 
post -rear plans 

* 
JOHN E. LINGO & SON, Inc. 
CAMDEN, NEW JERSEY 

METAL -COATING PROCESS 
FAST AND s FOR HEAVIER 
ECONOMICAL COATINGS 

REQUIRES ONLY RAPID ELECTROLYTE- 
RAPID METAL CLEANER-RAPID APPLICA- 
TOR. 

o Plating current is obtained from dry 
cells, storage battery, or any convenient 
source of direct current at 3 to 6 V., or 
use Rapid Plating Rectifier for heavy 
work. 

For silver surfacing bus bar connec- 
tions, lugs, switch blades, etc. For plat- 
ing or touching up miscellaneous sur- 
faces with cadmium, nickel, zinc, copper 
and gold. Building up limited areas. 
Hard surfacing with nickel. Used in shop 
or field. Special applicators designed to 
speed up production line jobs. 

Our laboratory is glad to cooperate. 
No obligation 

Rapid Electroplating Process, Inc. 
1414 S. Wabash Ave.. Chicago 5, III. 
621 Graybar Bldg. 237 Rialto Bldg. 

New York, N. Y. San Francisco Calif. 
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west, one must be on that side of 
the Rockies that drains into the 
Pacific Ocean? Your attitude is 
exactly represented by that map of 
the U. S. (possibly from the New 
Yorker) which depicts the country 
as consisting of Manhattan Island 
surrounded by the suburbs of Penn- 
sylvania, Texas and a few others 
whose exact names have been heard 
once or twice but not remembered. 

I suppose that I should have the 
good sense to keep quiet about this 
matter. If we continue to demand 
credit where credit is due, some of 
you easterners are going to have a 
look at the other side of the moun- 
tains and once there you will never 
return to the land of smoke, filth 
and crowds. 

I still think it's a good magazine 
and wish I could afford to have 
copies sent here for reading in ad- 
dition to my others for filing. 

Wm. R. PATTON 

Personnel 
THIS Is WRITTEN in response to 
your invitation for comment on the 
article by Mr. S. S. Egert in the 
January issue of ELECTRONICS en- 
titled, "Post -War Industrial Equip- 
ment Distribution." 

By and large, my reaction to the 
reasoning of and the conclusions 
drawn by Mr. Egert is as an echo 
to theoriginal wave. I consider this 
article to be a fine sounding board 
for general ideas on the subject. 
One of my criticisms of the article 
would be that, throughout the 
whole process of manufacture, sale, 
service and maintenance-where 
the availability of trained special- 
ists is constantly emphasized- 
there is only peripheral treatment 
of the probably retarding influence 
on developing uses of electronics in 
industry as a result of not having 
an adequate source of qualified 
technicians. I hold that a dearth of 
trained specialists for work in this 
field can just as surely retard de- 
velopment as any flaws in the proc- 
ess of distribution. 

Possibly I over -emphasize the im- 
portance of this point because I 
am presently concentrating my ef- 
forts on securing these qualifica- 
tions myself. But I am not so 

(Continued on page 362) 
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We manufacture a complete line of equipment 
SPOT WELDERS, electric, from 14 to 50 KVA AC ARC 
TRANSFORMERS, special and standard t pes WELDERS 
INCANDESCENT LAMP manufacturing equipment From 100 to 
FLUORESCENT TUBE MAKING EQUIPMENT 400 Amps. 
ELECTRONIC EQUIPMENT, vacuum pumps, etc. 
WET GLASS slicing and cutting machines for laboratory use 
GENERAL GLASS working machines and burners 
COLLEGE GLASS working units for students and laboratory 

EISLER ENGINEERING CO. 
731 So. 13th St. (near Avon Ave.) Newark. New Jersey 

AND 
ELECTRO,N,I/C 
D E V I,C/E S 

RADIO; 

BURSTEIN-APPLEBEE CO 
1012-14 McGee St. Kansas City, Mo. 

Save Fingers with 
Steel -Grip Finger Guards 
Hundreds of factories are saving time 
and injuries in war production by 
protecting workers with Steel -Grip 
Finger Guarde. Used for handling 
rough or sharp articles, for buffing, 
grinding, sanding, polishing punch 
press work and hundreds of other jobs. 
Protect fingers or thumb, front or 
back, from cuts, abrasions or blisters. 
Made of durable leather with elastic 
web back for snug, cool, comfortable 
fit. Easy on and off. One size fits all, 
men or women. Send 10c each for 
samples or trial order box of 50 at 

.i% 834c each, less 10%. 

É 
Cif Safety 

STËLGRÌP 
Äa! oís 

Steel -Grip 

INDUSTRIAL GLOVES COMPANY 
errous Industrial F 325 Garfield, Danville, Illinois F 

(Saguaros Swam, in Csnsde: Safer Suoole Co.. Twees 

MICROMETER 
for 

FREQUENCY / checking 
transmitters 

METER ® from 1.5 to 56 mc., 
within 0.01 per cent 

LAMPKIN LABORATORIES 
Bradenton, Fla.. U. S. A. 

HARVEY 
RADIOLAB'S, Inc. 
Manufacturers of 
Radio Transmitters 

ELECTRONIC APPARATUS 
447 Concord Ave. Cambridge, Mass. 

Make it a HABIT ... to check 
this page-EACH ISSUE 
THIS CONTACTS SECTION supplements other 
advertising in this issue with these additional 
announcements of products and services essential to 
efficient and economical operation in the field of 

ELECTRONICS 

Electron Tube Machinery 
of every tyye,-standard, and special deatpn 

Specialists in Equipment for the ntanufac. 
Lure of Radio Tubes, Cathode Ray Tubes. 
Fluorescent Lamps, Incandescent Lamps, 
Neon Tubes, Photo Cells, X-ray Tubes 
and other glass or electronic products, on 
production or laboratory basis. 

1307-1309 Seventh St.. North Bergen. N. J. 

with (WWd« 
AUTOMATIC WIRE STRIPPER 
...Speeds Production 
Strips insulation from all types of 
wire - instantly, easily, perfectly. 
Just press the handles and the job 
is done. Cuts wire too. Strips 
800 to 1000 wires per hour. Avail- 
able for all size solid or stranded 
wires - No. 8 to No. 30. List 
price $6.00. 
Write Dept. E for Full Particulars. 

GEN RAL CEMENT MFC. CO. 

Rockford Illinois LJ.S.A. 

FINE RIBBONS 
OF 

TUNGSTEN MOLYBDENUM 
Making a modest but effective contribu- 
tion in Electronics' War accomplishments. 

15 Beekman St. H. CROSS New York 

CRYSTALS by 

2 II p o01egg3 
Thousands of vital transmitting installa- 
tions rely on the accuracy end dependa- 
bility of Hipower Precision Crystal 
units. With recently enlarged facilities, 
Hipower le maintaining greatly increased 
production for all important services. 
When essential demand begins to return 
to normal, Hipower will be glad to help 
with your crystal needs. 

HIPOWER CRYSTAL CO. 
Sales Division -205 W. Wacker Drive, Chicago 

Factory -2035 Charleston Street, Chicago, Ill. 
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POSITIONS VACANT 

SALES ENGINEER WANTED, Chicago terri- tory, for established manufacturer of metal fasteners widely used by industry on war and peacetime products. Prefer resident Chicago area, age 30-35 with engineering training. Give full details, education, experience, draft statua, age, salary expected and recent photograph. 
Require statement of availability if engaged 
in war work or essential activity. P-615, Elec- tronics, 330 W. 42nd St., New York 18, N. Y. 

(Bee also page -) 
ELECTRONICS ENGINEER ($4000) Post-war opportunity with old established national manufacturing firm. Requires department head calibre scientist well experienced research and development electrically controlled mechan- isms and radio apparatus. Rush credentials 
P-625, Electronics, 520 N. Michigan Ave., Chi- cago 11, I11. 

GLASS BLOWER, thoroughly experienced in handling glass for electronics tubes. P-626, Electronics, 330 W. 42nd St., New York 18, 
N. Y. 

ENGINEER - Growing Organization needs Electrical Engineer as Supervisor of Elec- tronic Laboratory. He should be able to design Resonant Filters, Audio and Power Transform- 
ers. Good salary and opportunity for perma- nent interest In company, Write and state qualifications. P. 632, Electronics, 330 W. 42nd 
St., New York 18, N. Y. 

POSITIONS WANTED 

CONSULTING ENGINEER (electrical & me- chanical) complete laboratory facilities, 15 years practical experience electronics & relay controlled systems, instruments, motion picture sound recording installations, broadcasting equipment. Authority on ground systems. Art 
Davis, 1508 W. Verdugo, Burbank, Calif. 

ENGINEER 20 years electronics, radio; in- ventor, 5 research papers published, several electronic devices originated. Seek long-time 
connection small or moderate -sized firm, West Coast (or abroad). Nature of undertaking, 
locale, etc., outweigh remuneration. PW-628. Electronics, 68 Post Street, San Francisco 4, 
Cal, 

ENGINEER, Radio and Electronic, ten years 
wide experience desires position in charge 

of research and development with manufac- turer who will be in post war work. Salary 
$8,000. L. J F.. 128 Colorado Ave., Buffalo, 
N. Y. 

WANTED 

WANTED -1 or 2 Audax H4 or H6 Cutters, 
14 to 14 Hp. Synch. motor, and 1 UTC LS - 

6L4 Trans. Bill Day, 259 Brooklyn Ave., Salt Lake City, 4, .Utah. 

SELLING 
OPPORTUNITIES 
OFFERED-WANTED 

Selling Agencies-Sales Executives 
Salesmen-Additional Lines 

OFFERED 

ELECTRICAL ENGINEERING SALES -A prominent, reputable manufacturer of high quality electrical controls seeks a representa- 
tive in the New England States. Here he will handle established accounts and develop post" war contacts. He should have a knowledge of and contacts in the electrical and electronic manufacturing industries. He may be either a direct representative (draft deferred) or a manufacturer's agent. This is a permanent con- nection with splendid post-war possibilities. Please give educational background, age, ex- perience, family status, and names of previous employers. If your application appears to fill requirements an interview will be arranged either in New York or Chicago. Our organiza- tion knows of this ad. RW-633, Electronics, 
330 W. 42nd St., New York 18, N. Y. 

SALES REPRESENTATIVE - Familiar with Radio and Electronics. We want a high grade man who knows the electronic field, particu tarty design and component parts. Position of- fers unusually good opportunity to connect with progressive, well established industry. Ap- plicants must he energetic, ambitious person of ability and vision and submit evidence that past record is above reproach. Will pay salary or commission or combination of both. Give full details of education, experience, previous earnings, personal history etc. RW-627, Elec- tronics, 330 W. 42nd St., New York 18, N. Y. 

SEARCHLIGHT SECTION 
EMPLOYMENT : 

BUSINESS 
"OPPORTUNITIES" 

. 
EUSED 

ORQUIPMENT RESALE 
UNDISPLAYED -RATES- DISPLAYED 

(Classified Advertising) 

10 CENTS A WORD. MINIMUM CELEO. $2.00. 
Positions Wanted (full or part time salaried Indi- 

vidual employment only), Si the above rates pay- 
able in advance. 

Box Numbers-Care of publication New York, Chi- 
cago or San Francisco offices count u 10 words. 

Discount of 10% it full payment is made in 
advance tor 4 consecutive insertions. 

Individual Spares with border rules for prominent 
display of advertisements. 

The advertising rate is $6.30 per inch for all 
advertising appearing on other than a contract 

basis. Contract rates quoted on request. 
An advertising inch Is measured %' vertically ea 

one column, 3 columns -30 inches-to a page. 
NEW ADVERTISEMENTS received by March 14th will appear in the April issue, subject 

to limitations of space available. 

WANTED 

ENGINEER 
(Product) 

With general background of education and 
experience to assist in development and 
improvement of new and old products such 
as automatic record changers, recorders, 
pick-ups, switches, timers and relays. Com- 
bination of mechanical and electrical de- 
signing ability necessary. Successful future 
for qualified man. Chicago mfr. Give de- 
tails. Statement of availability required. 
Address 

P-622, Electronics 
520 North Michigan Ave., Chicago 11, Ill. 

SALES 
OPENING 

An old established and recognized 
company needs a competent sales 
representative for present wartime, 
and permanent post-war position. 
The type of man hest fitted would 
be trained or qualified for training 
as sales engineer in electronic -elec- 
trical field to contact and serve old 
and new customers in metropolitan 
area and eastern states. Some prac- 
tical metal shop experience is 
essential. Write fully, 

RW-618, Electronics 
330 W. 42nd St., New York 18, N. Y. 

ELECTRICAL 
ENGINEERING SALES 

A prominent, reputable manufacturer of high quality 
electrical controls seeks a representative in the New 
England States, Here he will handle established ac- 
counts and develop post-war contacts. He should 
have a knowledge of and contacts in the electrical 
and electronic manufacturing industries. He may be 
either a direct representative (draft deferred) or a 
manufacturer's agent. This is a permanent connec- 
tion with splendid post-war possibilities. Please give 
educational background, age, experience, family 
status, and names of previous employers. If your 
application appears to fill requirements an inter- 
view will be arranged either in New York or Chi. 
cage. Our organization knows of this ad. 

RW-823, Electronics 
330 W. 42nd St., New York 18, N. Y. 

EMPLOYMENT AGENCY 

ENGINEERS - Mechanical-Industrial-Elec- 
trical - Chemical-Civil-Architectural, etc. 

Our specialized service to Technical and Scien- 
tific men only, for over 50 years, continuously at 
the same address, enables us to offer a fine selec- 
tion of positions for high grade Manufacturing 
Executives, Production Managers. Metallurgists 
and Technical men of all types. The Engineer- 
ing Agency, Inc., 53 W. Jackson Blvd., Chi- 
cago 4, Ill. 

WANTED 

TEST EQUIPMENT ENGINEER 
Design, build and maintain electronic test boards 
and equipment; for electrical manufacturer. Right 
man can advance to process or product engineer 
with splendid post-war possibilities. Long estab. 
Chicago mfr. Give details. Statement of avail- 
ability required. Address 

P-621 Electronics, 
520 North Michigan Ave., Chicago 11, Ill. 

WANTED 

INVENTIONS 
A Large, well established manufacturer 
of communication and remote control 
equipment desires to get in touch with 
inventors and others who may have 
patentable inventions available for aale 
or license. Inventions should relate to 
wire communication, point to point radio, 
remote control, or the like, and mechani- 
cal or electronic devices used with these 
systems. Replies held in strictest con- 
fidence. 

BO -619, Electronics 
520 North Michigan Ave., Chicago 1 I, 111. 

FREELAND & OLSCHNER 

PRODUCTS, INC. 

REBUILDERS OF 

RADIO TRANSMITTING TUBES 

611 Baronne St. New Orleans 13, La. 

BEST QUALITY, USED 

ELECTRON TUBE MACHINERY 
Equipment for the manufacture of all kinds of 
electron tubes, radio tubes, incandescent lamps. 
neon tubes, photo electric cells, X-ray tubes, etc. 

AMERICAN ELECTRICAL SALES CO., INC. 
65.67 East 8th St. New York, N. Y. 

ARPIN MFG. CO. 
Manufacturers & Designers of 
High Voltage Rectifier Tubes 

WATER COOLED 
Rebuilt TUBES Repaired 

Write for data sheet 

422 Alden St. Orange, N. J. 

Additional Position Vacant Advertising on pages 340, 353, 356 and 361 
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(D SEARCHLIGHT SECTION 4V 

WANTED 
VARIABLE CONDENSER 

ENGINEERS 
for 

Mechanical Design 

Electrical Design 

Development Work 

Tool Design 

Manufacturing Procedures 

If you are experienced in one or 
more of the above, are not now using 
your highest skill in war work, we are 
interested in hearing from you. Give 
full details of your experience and 
qualifications. These are permanent po- 
sitions and salary will be commensu- 
rate with ability. 

E. F. JOHNSON COMPANY 
WASECA. MINNESOTA 

WE ARE LOOKING 
FOR A FEW MEN 

There are only a few of the sort we want. 
They're engineers . men with a solid, 
expert background in electronic design 

men who aren't hidebound in their 
thinking. 
We offer them an unlimited future in a 
new scientific industry now working at full 
capacity on military devices. We want 
their expert talents to help us explore even 
further the peacetime possibilities of this 
new science. 
It's a big job. It needs big men. If you 
think we're talking to you, write us your 
u'bole story and enclose a photo. Please 
don't phone or call until an appointment 
has been set up for you. 

Chairman, Opti-onics Development 

BELL & HOWELL CO. 
7105 McCormick Road 

Chicago 45, Illinois 

WANTED 

Loud Speaker Engineer 
Experienced in loud speaker design and 
accoustics, plus knowledge audio ampli- 
fier design and construction. 

We are a medium sized manufacturing 
organization based on a concrete financial 
foundation, have been successful in manu- 
facturing identical pre-war equipment that 
we are now producing for the war effort. 
We shall continue, without interruption, 
upon the resumption of post-war activities. 

If interested in a permanent position 
with an excellent future, write and include 
full details. Laboratory and plant located 
in Brooklyn, New York. 

P-631, Electronics 
330 W. 42nd St., New York 18, N. Y. 

RADIO 
engineers 
draftsmen 
laboratory assistants 
mechanical engineers 
production men 

A TOP-FLIGHT RADIO 
MANUFACTURER who is 
NOT in a manpower emerg- 
ency wants to establish contact 
with top-flight radio men who, 
today, are NOT in a job hunt- 
ing emergency. 

WE ARE LOOKING AHEAD 
to the postwar day when we can 
turn from the vital war work we 
now are doing and begin on the 
constantly growing bank of civilian 
production which is on our books. 
LOOKING AHEAD, we want to 
add capable men as rapidly as 
they are freed from essential war- 
time work so they can fit them- 
selves into our organization and 
be ready for responsible jobs when 
we get the "go" signal on major 
peacetime projects. 
OR-IN CASES OF MEN WHO 
MUST REMAIN on essential war 
jobs for the duration-we want to 
establish contact and be acquaint- 
ed to save time when a move can 
be made. 

GOOD INCOME PLAN, 
wide-open opportunity, a sound 
future, pleasant surroundings in 
midwest location. 
PLEASE SUPPLY FULL DETAILS 
in letter, including address and 
telephone number so our repre- 
sentative can get in touch with 
you for personal interview soon. 
Write 

P-624, Electronics 
520 North Michigan Ave., 

Chicago I1, Ill. 

WANTED 

ENGINEERS 
Electrical - Mechanical - Aeronautical 
(Must comply with W.M.C. regulations) 

For design, production and application 
work on fractional horsepower motors and 
mechanical devices. Plant located in city 
of 20,000 population immediately adjacent 
to Dayton, Ohio. Apply by letter giving 
education and experience to- 

LEAR AVIA, INC. 
Engineering Personnel Dept. Piqua, Ohio 

Permanent Employment 
ELECTRONIC DEVELOP- 

MENT ENGINEERS 
Well - established Eastern Massachusetts 
concern desires graduate electronic 
engineers with flair for research and eye 
to future. Permanent position concerned 
at present with important development 
work for government with increased op- 
portunities after the war. Unusual open- 
ings for men with capacity and initiative. 
Must be U. S. Citizens. 

P-510, Electronics 
330 West 42n,1 8t.. New Yet k City 

RADIO COIL ENGINEERS 

RADIO ENGINEERS 

RADIO INSPECTORS 

DRAFTSMEN 

How Will Postwar 

Developments Affect You? 

Our engineering depart- 

ment, while continuing its 

war program, is expand- 

ing to meet requirements 

for postwar product de- 

velopment. We will re- 

sume a well established 

field in Radio Coil and 

Trimmer Condenser 
manufacture and are in- 

terested in stable men 

who have an eye to the 

future. 

AUTOMATIC WINDING CO., INC. 

900 Passaic Ave., E. Newark, N. J. 

WANTED 

ENGINEER 
for development and pro- 
duction of electrolytic and 
solid dielectric condensers 

By well established medium 
sized manufacturing concern 
in Southern California. 
We are looking for an expert in the 
field of condenser manufacturing who 
is thoroug.tly familiar with methods 
and the designing of machinery and 
equipment used in the fabrication of 
electrolytic and paper condensers. A 
degree in chemistry or physics is 
desirable but not absolutely neces- 
sary; however, extensive practical 
experience is required. 

If you meet these. requirements, please 
state in your application your experi- 
ence, past connections and salary ex- 
pected. Your reply will be kept con- 
fidential and will be returned upon 
request. An interview can be 
arranged. 

P-620, Electronics 
68 Post St., San Francisco 4, Calif. 
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Meeting the Rigid 

Requirements of 

SPERRY-Made 

Products 

When lives and equipment depend 
upon precision instruments, "saiis- 
factory performance" is not good 
enough for The Sperry Gyroscope 
Company. Perfection is demanded 
... and, in Cinaudagraph Perma- 
nent Magnets, perfection is ob- 
tained. We are meeting every 
rigid specification and a heavy 
production schedule-the reason, 
perhaps, why we are one of the 
larger suppliers of permanent mag- 
nets for Sperry. 

Our extensive experience and 
manufacturing facilities can also 
help you solve your m a g n e 4 

problem. 

3 -CC -1 

CINAUDAG.RAP'H 
CORPORATION 

STAMFORD, CONNECTICUT 

(Continued from page 359) 

deeply buried in the woods that I 
can't see the soundly rooted oaks 
in Mr. Egert's article, and I should 
thoroughly appreciate seeing his 
ideas on other phases of industrial 
electronics. 

CHESTER E. MILES, 
(Camp Crowder, Mo.) 

Inventor 
WITH REGARD to the note about the 
electron microscope on page 282 in 
the January issue of ELECTRONICS, 
may I bring the following fact to 
your attention. 

The electron microscope was in- 
vented in Germany early in 1931, 
but the inventor, to whom the fun- 
damental American patents have 
been issued*, is now serving this 
country as a professor in Electrical 
Engineering at Harvard Univers- 
ity. The inventor is Dr. Reinhold 
Rüdenberg, who has published a 
discussion of his earlier work on 
the electron microscope in Journal 
of Applied Physics, Vol. 14, No. 8, 
p. 434-436, August, 1943. 

I am always enjoying the inter- 
esting articles which you publish in 
ELECTRONICS. 

*See U. S. Patents No. 2,058,914 
and No. 2,470,319, also Naturwiss. 
20,522 (1932) . 

HARRY STOCKMAN, 
Cru ft Laboratory 
cambridae. Mas,. 

INGENIOUS METHODS of cam- 
ouflage used by the Japs on Guadal- 
canal were described by Lt. Colonel 
Maurice P. Chadwick, Signal Corps, 
at a recent meeting of the South- 
ern District of AIEE. 

"We found quantities of Japan- 
ese signal and other equipment 
buried in graves and marked with 
grave markers. That which they 
did not have time to bury was very 
ingeniously camouflaged and could 
only be located by careful search. 
For instance, one high-powered air - 
ground radio transmitter with gen- 
erator and Diesel engine was en- 
tirely overlooked by our infantry 
and was found later by a Division 
chaplain. 

"A Jap power plant in operation 
near Henderson field was taken over 
and used. It is now called "The 
Tojo Light and Power Company." 

Physically compact 

I, High Q 

Available in stand- 
ard inductances of 
.5 mh, 1.0 mh, 2.5 
mh, 5.0 mh, 10 mh. 

Inductance tol. E. 3% 

Write for data sheet. 

Precision manufacturers of all 
types of IF and RF coils, 
chokes, and transformers. 

ESSEX 
ELECTRONICS 
1060 Broad St., Newark, N. J. 
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IN 

SELECTIVE 

SERVICE 

"RELAYED -FLUX" 
Microdyne 

"The Standard by Which Others 
Are Judged and Valued" 

EQUIPMENT for the war effort.- 
(1.) MUST perform up to highest 

standards. 
(2.) MUST continue to perform ir- 

respective of climatic variations. 

That is why AUDAX magnetically 
powered pickups are selected for war 
contracts. In building pickups under 
such contracts, we do not have to 
change our peacetime specifications be- 
cause such MUSTS have always been 
a basic requirement in AUDAX Instru- 
ments. 

The sharp clean-cut facsimile reproduc- 
tion of MICRODYNE-regardless of cli- 
matic conditions.-is a marvel to all who 
have put it to the only test .that really 
counts ... the EAR TEST. 

WITH OUR COMPLIMENTS 
A copy of "PICKUP FACTS" is 
yours for the asking. It answers 
many questions concerning record 
reproduction. 

BUY WAR BONDS 

AUDAK COMPANY 
500 Fifth Ave. New York City 

"Creators of High Grade Electrical 
and Acoustical Apparatus Since 1915." 
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UNVARYING ingredient 

DAVEN attenuators are variable controls, but built into every DAVEN component. 

goes an ingredient which remains faithfully constant. This unvarying ingredient is 

the grand total of DAVEN experiences. It is a composite structure of development, 

knowledge and adherence to a standard of excellence. 

the criterion of accuracy and dependability. Where 
tion on precision electrical control, DAVEN corn- 

standard or specially -designed apparatus. Widely 
television and electronic applications, our compo- 

i greater demand with the return of peace. 

AND STAMPS 

COMPANY 
NEWARK 4, NEW JERSEY 
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TWO VOLUMES -6 SECTIDNS 
(opFroximately 1,500 pages) 

GENERAL INFORMATION 
RECEIVING TUBES 

TFANSMITTING TUBES 
(Power and Allied Types) 

CATHODE-RAY TJBES 
(Television & Ocillograph 
Types) 

PIOTOTUBES 
MISCELLANEOUS TUBES 

(Special Types) 

Each binder is serially numbered and is 
registered under the s.sase-iber's name. 

Data sheets for each abe type in- 
c:ude: (a) intended uses; tb) maximum 
rat_ngs; (e) character stir; (d) typical 
operating conditions; () pesicaldirnen- 
sions; (f) terminal cornectons: and (g) 
the most commonly used carves plotted 
to easily readable scaL and . arge 
enough for solving deeign problems. 

Convenient loose-leaf fora Kept up-to-date Con-prehansive dcta 
Tabbed separators for quick reference 

.fe 
eigeki 

f!.d 
µµ 

WITH the RCA TUBE HANDBOOK on your 
desk, you have available at all times, and in 

concise, handy form, the most up-to-date technical 
data for each tube in RCA's comprehensive tube 
line...plus a wealth of detailed information such 
as the Army -Navy Preferred Tube list; definitions 
of general terms; tube ratings and their significance; 
types of cathodes and their use; outline-, base-, and 
cap -drawings; classification charts of receiving, power, 
and cathode-ray tubes; resistance-coup_ed amplifier 
chart; list prices; etc. 

The $6.00 subscription price* brings you not only 
the two 7; s" x 5" binders finished in black fabricoid 
and imprinted in gold, complete with data sheets, 
but also additional sheets containing new and/or 
revised data as issued during the year! Annual 
service fee thereafter, $1.50. 

Fill out (or copy) Subscription Order Form 
shown below, and mail it with your check today. 
This is the only way for you to make sure of 
having the same completely up-to-the-minute and 
authoritative information about RCA tubes . 
exactly when and where you want it...that thou- 
sands of other electronics engineers are using every 
day. RADIO 'CORPORATION OF AMERICA, Commercial 
Engineering Section, Harrison, New Jersey. 
This price applies only In the United Sates and its possessions. 
For other countries, subscript! n. price will be ,furnisied on request. 
Orders will be accepted subject to our ability to nuke deliveries. 

* * * BUY MORE WAR BONDS * * * 
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