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One of a series showing AMPEREX tubes In the peaking 

WATER AND AIR COOLED 

TRANSMITTING AND RECTIFYING TUBES 

Original Amperex design and construction refinements result in trouble -free perform- 

ance of Amperex tubes . . . effecting natural economies in the operation of trans- 

mitting equipment. With replacements difficult to obtain, the extra hours of life inherent 

in Amperex tubes are often "priceless." To engineers, everywhere, this "Amperexfra" 

factor of longevity is the major consideration. 

HASTEN THE PEACE ... BUY ANOTHER WAR BOND TODAY 

AMPEREX ELECTRONIC PRODUCTS 
79 WASHINGTON STREET BROOKLYN 1, N. Y. 
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OUR Nf{M PLANT ,//' 
steps up ARMCO production 

PL-54 JK26 

J3t 

ust opened is the new American Radio 
Hardware factory at Mt. Vernon, New York. 
Dedicated to the service of our country, this 
new plant, with its substantially increased 
productive capacity, makes possible a greater 
output of ARHCO components than hereto- 
fore. Moreover, we are now able to produce 
at an even faster rate and to top our already 
good delivery record. 

One more thing we assure you. The high 
quality and performance of ARHCO compo- 
nents will be maintained. As always, you may 
depend upon them for consistent service . . . 

for vital war necessities . . . for postwar in- 
dustrial and radionic applications.,We_invite 
your inquiries. 

P1141 

152 -4 Mac Queston P'kway South Mount Vernon, N.Y. 

MANUFACTURERS OF SNORT WAVE TELEVISION RADIO SOUND EQUIPMENT 
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LEWIS WINNER, Editor 
F. WALEN, Assistant Editor 

D'ATTILIO, Assistant Editor 

We See... 
THE SKILL, PERSEVERANCE AND LOY 
ALTY of radio operators received strik- 
ing tribute in a recent steamship com- 
pany advertisement titled "The Man 
We Take For Granted." 

Said the ad : "He is the radio offi- 
cer -the ears and voice of the ship... . 

In peace and war our seaborne com- 
merce clears through his transmitters 
and receivers.... Emergencies affect- 
ing the very lives of passengers call 
for his skill. He is the one man be- 
sides the Captain, whose post and duty 
keeps him aboard ship, until the last moment.... No one lives closer to the 
high traditions of the sea than this 
man we take for granted!" 

STATION LICENSES WILL HEREAFTER 
have a three -year life thanks to an 
amendment recently adopted by the 
FCC. Initial renewals will be here- 
after for staggered periods, ranging 
from one year to two years and nine 
months. Thereafter all regular licenses 
will be for the full three -year period. 
This staggered method has been 
adopted to spread the work load, inci- 
dent to examination of all applications 
for renewals over the three -year 
period. 

It is interesting to note that in 1927, 
when the Federal Radio Commission 
was first organized, licenses were is- 
sued for only 60 days. In 1928, the 
normal license life was three months. 
In 1931, the license life was increased 
to six months, and in 1939 one -year 
licenses were issued. In October, 
1941, the license period was in- 
creased to two years. That's progress ! 

YEAR -END REPORTS reveal that stations 
were really on the job all year long, 
notwithstanding material and man- 
power problems. The combined ser- 
vice delays were, in most instances. 
less than 1 /10 of 1 %. A proud record ! 

THIRTY -DAY DELIVERY SERVICE has been 
promised for the 893, 893R and 889 
tubes. Let's hope the list expands. It 
looks as if it might ! -L. W. 

Including Television Engineering, Radio Engi- neering. Communication & Broadcast Engi- neering, The Broadcast Engineer. Registered 
U. S. Patent Office. Member of Audit Bureau of Circulations. 
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Key to a world within a world 

To inspect metal, judge its inner worth with the aid 

of electronics, is to add a vital chapter to war industry's 

book of knowledge. More, it is to write a preface to the 

mightier book of the future. 

This same science of electronics, which finds the struc- 

tural flaw in war metal, holds great possibilities whose 

commercial use awaits only the welcome day of peace. 

Infinite additions to the knowledge, the safety, the 

comfort of modern man continuously reveal them- 

selves in the quick flutter of the electronic tubes. 

This is an inspiring reason why at Sylvania, in our 

work with electronics, as in everything else we do to 

widen the range of the eye and the ear, we set for 

ourselves a single goal - the highest standard known. 

SYLVANIAELECTRIC PRODUCTS INC. 
EXECUVVE OFFICES: S00 FIFTH AVENUE. NEW YORK 1s, N. Y. 

RADIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICES, INCANDESCENT LAMPS, FLUORESCENT LAMPS, FIXTURES AND ACCESSORIES 

AIDING THE HOME FRONTS "KNOW- HOW " -Sylvania Fluorescent Lamps and 

fixtures give war workers the light they need to produce their armament 

miracles. Sylvania Radio Tubes bring the news of the world to the American 

family, keep our people mentally alert. Sylvania Incandescent Lamps 

economically protect the eyes of the American family. Indeed, the Sylvania 

name now, as always, meons the ultimate in product performance. 

COMMUNICATIONS FOR JANUARY 1944 3 
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TUNGSTEN FILAMENT hits the 

BULL'S -EYE before it goes into a 

lore/co ELECTRONIC TUBE 

We who make NORELCO 
Products take nothing for 
granted. So, before tungsten 

filament coils are anchored to assemblies in tubes, they 
go into the limelight of a slide film projector. The projec- 
tion beam is focused squarely through the dead center 
of the coil, and is projected against a screen on which 
a circle is painted. 
A perfectly wound coil [No. 1 above] will cast its image 
on the screen coincident with the painted circle. An im- 
perfectly wound coil [No. 2 above] may give adequate 
performance when assembled into certain types of elec- tronic tubes -but since we who make NORELCO 
electronic products like to prevent possibility of failures 
before they get a start, we reject coils that do not meet 
our high standards of coil winding. 
This is only one of the 61 inspections to which the various 
parts and assemblies of one type of NORELCO electronic 
tube is subjected before the final inspections in test operation. 
Today, all our resources and experience are devoted to 
making the electronic tools and devices that will hasten 
Victory. Tomorrow, they will be free to serve industry 
in creating a new world. 
Fer our Armed Forces we make Quartz Oscillator Plates; 

4 COMMUNICATIONS FOR JANUARY 1944 

Amplifier,Transmitting, Rectifier and Cathode Ray Tubes for land, sea and air -borne communications equipment. 
For our war industries we make Searchray (X -ray) apparatus for industrial and research applications; X -ray Diffraction Apparatus; Electronic Temperature Indicators; Direct Reading Frequency Meters; High Frequency Heat- ing Equipment; Tungsten and Molybdenum in powder, rod, wire and sheet form; Tungsten Alloys; Fine Wire of practically all drawable metals and alloys: bare, plated and enameled; Diamond Dies. 

And fd'r Victory we sa y: Bu y More War Bonds. 
* * * 

refco 
ELECTRONIC PRODUCTS by 

NORTH AMERICAN PHILIPS COMPANY, INC. Executive Offices: 100 East 42nd Street 
New York 17, New York 

Factories in Dobbs Ferry, N. Y.; Mount Vernon, New York (Philips Metalix Corporation); 
Lewiston, Maine (Elmet Division) 

www.americanradiohistory.com

www.americanradiohistory.com


HNSON 
e 
s 

Co 

are used in the famous 

HALLICRAFTER BUILT SCR -299 
JOHNSON'S are proud of their part in furnishing many of the important components for 

this famous transmitter. They are proud to have been selected originally by HALLI- 

CRAFTERS to furnish these components for the HT -4- before the pressure of war made 
price unimportant. They are proud that this same HT -4 was used by the Signal Corps 
to become a part of the SCR-299--a tribute to the dependability of HALLICRAFTERS equip- 
ment and JOHNSON parts. They are proud to have been able to expand production to 

furnish all of these parts needed in the SCR -299 in addition to the vast numbers of parts 
needed by other manufacturers. And. we are proud that these 
are all standard parts made to the same specifications as our 
"dam" parts before the War. 

JOHNSON 
a áamaui name in )Qgzd'i'a 

2Uute Atfi 
CATALOG 

961E 

F. JOHNSON COMPANY WASECA MINNESOTA 
COMMUNICATIONS FOR JANUARY 1944 S 
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XACTING 
LABORATORY 
STANDARDS.. 

"" 

Over the long period of years separating the past from the present, ECA 
has been called upon to tackle the development and production of in- 
numerable types of specialized radio and electronic equipment. Con- 
sequently, II our facilities are geared to exacting laboratory standards. 
We can handle the most delicate assignments with understanding care 
and painstaking skill. 

Typical of the apparatus produced by ECA is this Rectifier Power Unit 
for general laboratory operation. Operating from a 105 -125 volt, 50 -60 
cycle line, it delivers a maximum of 150 ma at 300 volts DC and has 
an open circuit voltage of 450 volts DC and 45 watts power output 
from 6.3 volts AC centertapped terminals. The hum voltage is 0.1% at 
150 ma for all voltages above 150 volts. Continuous panel control of 
the DC output voltage is provided through a variable autotransformer. 

Did you read the list marked "Killed in Action' 
in your paper today? A pint of your blood might 
haue saued the life of an American boy. Visit 
your local Red Cross Blood Bank ... Do it now. 

6 QOMMUNIGTION8 POR JANUARY 1944 
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Complete High Power Radio Transinitter dnd 
receivers Mounted in light army truck. These 
transmitters are in service in- all theatres of war 
and in most all branches of the army. 

'h a radio amateur is The radio amateur is off the 
air as an amateur but he's 

ighting this war, too still in radiers 

on and re 
in th e products created to 

satisfy his progressive demands. Many of the world's leading electronic 
engineers are radio amateurs and much of the equipment in use to- 
day by the armed services is a product of the great amateur testing 
grounds. Two outstanding examples are: the SCR -299 Transmitter 
and Eimac tubes. 

The SCR -299 transmitter, designed by Halli- 
crafters, is an adaptation of the model HT- 4 
which is a 450 watt rig designed primarily for 
amateur use. Its characteristics and perform- 
ance capabilities were such that it was easily 
adapted to military use and it is today seeing 
service throughout the world in all branches of 
the army. It is significant to note that 
Eimac tubes ... created to satisfy the 
demands of the amateur...occupy the 
key sockets of the SCR -299. Yes, and 
Eimac Vacuum Tank Condensers, too, 
are in this now famous transmitter. 

The SCR -299 offers a striking con- 
firmation of the fact that Eimac tubes 
are first in the important new develop- 
ments in radio...first choice of the lead- 
ing engineers throughout the world. 

Follow the leaders to 

.t. ° 
s,'" 

orr 

rveEs 
EITEL -McCULLOUGH, Inc., SAN BRUNO, CALIF. 
Plants at: Salt Lake City, Utah and San Bruno, California 
Export Agents: FRAZAR & HANSEN, 301 Clay Street, 

San Francisco, California, U. S. A. 

709 

Eimac 100TH, Eimac 250TH, 
and Eimac Vacuum Condenser 
as used in the scR- 299.. 
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ears of aircraft service have proved the 

reliability of Ohmite Units. Designed and built 

to withstand shock, vibration, heat and humidity 

. . . these Rheostats and Resistors "earned their 

wings" through consistent performances under 

all types of operating conditions. 

They serve today in vital communications 
equipment as well as in instrument controls . . 

on land, sea and in the air . . . from the arctic 

to the tropics, from sea level to the stratosphere. 

Ohmite Rheostats provide permanently smooth, 

close control. Ohmite Resistors stay accurate, 

dissipate heat rapidly, prevent burnouts and 

failures. 

OHMITE MANUFACTURING COMPANY 
4869 FLOURNOY STREET CHICAGO 44, U.S.A. 

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. 

S COMMUNICATIONS FOR J.- %WUARY 1944 
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Filter performance is dependent upon three major factors, basic design... 
Q of coil and capacitor elements ... and precision of adjustment. The superi- 
ority of UTC products in this field has been effected through many years of 

research and development on core materials and measuring apparatus. We 

illustrate below a typical filter formula and some of the UTC apparatus used 
to determine quantitative and qualitative values: 

1 

The UTC inductance bridge is 
capable of four digit accuracy and 
ovens a range from extremely low 
values to over 100 Hys. The effective 
euistance and inductance values are 
lirect reading, eliminating the pos- 
sibility of error in conversion. 

The UTC oscillator is direct reading, 
where the frequency desired is set as in a 
four digit decade box, and is accurate with- 
in 1 cycle at 1,000 cycles. The range is 10 

cycles to 100 kc. Accuracy of this type is es- 
sential with filters having sharp attenuation 
characteristics.This instrument is augmented 
by a UTC harmonic analyzer for the output 
measuring device. 

The UTC Q meter is a unique device 
which has helped considerably in the de- 
velopment of the special core materials used 
in our filters. It is also of importánce in main- 
taining uniform quality in our production 
coils. The Q is read directly and covers the 
entire range of possible Q factors over the 
entire audio frequency band. 

UNITED TRANSFORMER CO. 
150 VARICK STREET NEW YORK 13, N. Y. 

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: "ARLAB" 
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MOLDED -CASE POTTED 

MICA CAPACITORS 
Made to American War Standard Specifications 

This1ideiwefles 
Need medium -power mica trans- 
mitting -type Capacitors to match 
today's exacting specifications ? 

Then write for details - or sam- 
ples-on Types CM -65 (Sprague 
MX -16) and CM -70 (Sprague 
MX -17). These sturdy units are 
specifically designed to meet 
American War Standard require- 
ments for Capacitors of this type 
and, as of the date this message is 
written, deliveries are surprising- 
ly prompt, thanks to Sprague's 
greatly increased plant capacity. 

SPRAGUE SPECIALTIES CO. 
NORTH ADAMS, MASS. 

IktTal 
,., N Aa : * 

s PRAG U E 
A 

K O O L O H M RESISTORS 
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"Anybody Got a Stick of Gum ?" 

THAT last bump was it. The waist gunner picked 

himself up from the floor and clung to his gun as 

the huge ship was brought back into control. He took 

a quick look out, whistled softly and spoke through 

the Intercom to the rest of the crew. 

"Somebody better hurry up with a stick of chewing 

gum before our left wing leaves us!" 

* * * 

The ability of our flying men ... and our flying equip- 

ment ... to "take it" is one of the major marvels of 

the war, and playing its full share in the success of 

our aerial forces is the Communications System. No 

place here for equipment that's merely good. It must 

be the best, for failure in Communication may be more 

serious than the failure of an engine or a landing gear. 

It is to these superlative standards that Rob builds 

equipment for the Army -Navy Air Forces .. . highly 

specialized transformers and coils, supersensitive 

headphones, and other electronic parts having to do 

with Communications. And it is to these same stand- 

ards that Rola will build its after -the -war products, 

whatever they may be. The ROLA COMPANY, Inc., 

2530 Superior Avenue, Cleveland 14, Ohio. 

Let's do more in forty -four! 

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT 
COMMUNICATIONS FOR JANUARY 1944 11 
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UNDER NY TRYING CONDITION 

275 

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 wide 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 

SPECIAL 

, 

42 

Ó - - OO 
m 
a 

BOUT'. 
MANUFACTURERS OF DeJUR METERS, RHEOSTATS, POTENTIOMETERS AND OTHER PRECISION ELECTRONIC COMPONENTS 

S H E L T O N , C O N N E C T I C U T 

u 

NEW YORK PLANT: 99 Hudson Street, New York 13, N.Y. CANADIAN SALES OFFICE: 560 King Street West, Toronto 
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STARTING JANUARY 18TH 

IT'S UP TO YOU! 
STARTING January 18th, it's up to you to lead the 

men and women working in your plant to do them - 
selvesproud by helping to put over the 4th War Loan. 

Your Government picks you for this job because you 
are better fitted than anyone else to know what your 
employees can and should do -and you're their natural 
leader. This time, your Government asks your plant to 
meet a definite quota -and to break it, plenty! 

If your plant quota has not yet been set, get in touch now 
with your State Chairman of the War Finance Committee. 

To meet your plant quota, will mean that youswill have 
to hold your present Pay -Roll Deduction Plan payments 
at their peak figure -and then get at least an average of one 
EXTRA.$100 bond from every worker! 

That's where your leadership comes in -and the lead- 

ership ofevery one of your associates, from plant super 
intendent to foreman! It's your job to see that your fellov 
workers are sold the finest investment in the world. TI 
see that they buy their share of tomorrow -of Victory 

That won't prove difficult, if you organize for it. Se 
up your own campaign right now -and don't aim for any 
thing less than a 100%.record in those extra $100 bo;ids 

And here's one last thought. Forget you ever heard o 
"107" as a measure of a reasonable investment in Wai 
Bonds under the Pay -Roll Deduction Plan. Today, thou 
sands of families that formerly depended upon a singly 
wage earner now enjoy the earnings of several. In such 
cases, 10% or 15% represents but a paltry fraction of at 
investment which should reach 25%, 50%, or more! 

Now then -Up and At Them! 

Keep Backing the Attack! -WITH WAR BONDS 
This space contributed to Victory by COMMUNICATIONS 

This advertisement prepared under the auspices (f the United States Treasury Department and the War Advertising Council 
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Naturally, we cannot answer all your questions right 

now. But it is certain that our production of tens of thou- 

sands of mechanical tuners and variable condensers to 

the precision standards required for military use will lead 

to many new postwar designs. 

PHONOGRAPH RECORD CHANGERS -HOME PHONOGRAPH RECORDERS -VARI - 

ABLE TUNING CONDENSERS - PUSH -BUTTON TUNING UNITS AND ACTUATORS 
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Official U. S, Navy Photo 

THE SALT 
SPRAY TEST! 

Hammarlund Navy type radio components are put through 
a mock trip to sea to determine beforehand their ability 
to take it. The final proof of their quality is the excel- 
lent record established in commercial and naval ships. 
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COMMUNIICATOONS 

* 

LEWIS WINNER, Editor 

J A N U A R Y , 1 9 4 4 * 

MODERNIZED TUBE INDEX 
tandardization of Vacuum Tube Nomenclature is 

Iroposed in a New System Which Separates Designations 

nto Two Parts; a Serial Number Identifying 
lectrical Characteristics and a Group of 

ymbols Which Synthesize Physical Details 

y J. R. SCHOENBAUM 

Project Engineer 

Curtiss -Wright Corp., Propeller Div. 

I. 

N the early days of radio it wa, 
possible for every one in the field 
to memorize the names and pertin- 

nt characteristics of all the vacuum 
ube types in existence. It very soon 
)ecame apparent, however, that unless 

. standard system were established for 
laming new radio tube types as they 
ippeared, confusion would result 
Lmong the several manufacturers, to 
ay nothing of the confusion of every 
me else. A very simple and admirable 
ystem of numbers was inaugurated 
vhich kept everybody happy, until the 
ime was reached when there were 
pore tubes than there was system. A 
pore scientific method was then de- 
ised, which specified tubes by fila- 
ment voltage, class of use and number 
)f electrodes. 

The flexibility of this arrangement 
)ecame apparent upon the advent of 
netal tubes and octal bases, and the 
system was stretched and expand- 
xi to encompass also the glass versions 
)f the metal tubes, the GT types, and 
Lcorns, miniatures and lock -in types. 
In the process, however, deviations 
;radually occurred, due to various 
exigencies, with the result that the 
;ystem frankly broke down as a defin- 
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D 
T 
A 
Q 
B 
F 
P 
H 

Symbol Description 
Diode 
Triode, Amplifier 
Power Triode 
Tetrode 
Beam Power Tube 
Pentode, Amplifier 
Power Pentode 
Hexode 
Heptode 
Octode 
Converter 
Mixer 
Rectifier 
Doubler Rectifier 
Magic Eye 
Voltage Regulator 
Resistor, Ballast 
Gas Tube, Thyratron 
Light Sensitive Cell 
Light Source 
Neon 
Cathode Ray 
Pilot Light 
Mercury Rectifier 

Prescripts 

Gaseous 
Mercury 
U -H -F Type 
V -H -F Type 
Anti -microphonic 
Transmitter Type, 
Secondary emission 

S 
E 

k 
R 
RR 
I 
V 
Vr 
G 
L 
W 
N 
C 
J 
M 

in 
u 
V 

y 

"I. 

Figure I 

Electrode and type symbols. 

ing means, and as now in use serves 
to name new tubes without giving 
much of a hint as to their use. In 
addition, several branch systems were 
brought into play as whole new groups 
of tubes made their appearance. 

Present Identification Difficulties 

A situation now exists in which one 

Used with Digit 
Electrode 1st 2nd 

Characteristic Symbol 
Low mu T and A odd 
High mu even 

Remote cut -off Q, F, and odd odd 

Semi -remote 
Sharp cut -off, 

r -f 
Sharp, audio 

Half -wave 
Full -wave 

IT 
odd even 

even odd 
even even 

R odd odd 
even even 

General 
Application P and B odd 

R -F even 

Code for 
Figure 2 

descriptive use of serial number 
digits. 

IB COMMUNICATIONS FOR JANUARY 

well -known pentode type has twelve 
different names, due to various fila- 
ment voltage requirements, basing ar- 
rangements and bulb shapes, with 
nothing to show in nine of the cases 
that the tube characteristics are the 
same (57, 77, 6J7, 6J7G, 6J7GT, 6D6, 
6D7, 6W7G, 12J7GT /G, 1221, 1223). 
In the single -ended types, the 6SJ7, 
which one might identify as the coun- 
terpart of a 6J7 as regards operating 
characteristics, does not, however, be- 
long to the same group, while the 
6SF5 and its prototype, the 6F5, are 
alike. Additional difficulty in identifi- 
cation is encountered when one corn- 
pares the 6C7 double- diode -triode with 
its single -ended counterpart, the 6SC7, 
which, unfortunately, is a twin- triode. 

In the case of acorns, some minia- 
tures and, indeed, some of almost every 
type, the abandonment of the system is 
complete, as illlustrated by the use of 
the designation 1631 for the classic 
6I6 supplied with 12 -volt fiilament. 

Necessity of System 

It has become clearly apparent that 
the many hundreds of radio and elec- 
tronic tubes which are now in exist- 
ence, and the thousands which will 
descend upon us in the future, are not 
going to be fitted into the several con- 
current systems with which we are at 
present struggling. Obviously, a new 
system is in order. 

Requirements 

The general requirements of any 
system for naming and indexing va- 
cuum tubes are quite definite. First, 
all present types must be accommo- 
dated ; second, the structure of the 
method must allow for the introduc- 
tion of all types and quantities of 
tubes, and, third, enough detail about 
the tube must be presented so that a 

'person familiar with the nomenclature 
need not refer, except for specific de- 
sign data, to any other source of in- 
formation. 

Of course, there are limits beyond 
which it is not practical to go. 

Necessary Data 

The most important things to know 
about a tube are : (1) the kind of tube 
it is, viz., rectifier, pentode, photocell, 
cathode -ray or triode -hexode convert- 
er; (2) the general characteristics of 
the type, such as low -mu or high -mu 
triode, or remote cut -off pentode, with 
some method of indexing which may 
be used to obtain the exact design data 
from a reference source; (3) the fila- 
ment voltage at which the tube is in- 
tended to operate ; (4) the application 
of the tube, insofar as indicated by the 

1944 

Symbol 
A 

GP 

L 
K 
M 

U 
B 
T 

W 

S 

H 

lI2 

c 

Description b 

Acorn ' e 

Miniature 
Lock -in 
GT 
Metal Octal 
Glass Octal 
UV, UX, UY 4, 5, 6, 7 I 

Bayonet (with subscript) 
Screw thread (with sub- 

script) 
Cartridge 
Wire Leads 

Subscripts 
Single end 
Filament only 
Tapped filament 
Tapped filament plus 11 

cathode 
Miniature 
Candelabra 
Large, Mogul 
No. of pins 

Figure 3 

Constructional tube type symbols. 

electron emitter, whether direct fil 
ment or heated cathode; and (' 
physical information concerning t, 
structure of the unit, to differential 
between acorns, miniatures, metal a :: 
glass types, GT's, lock -in's, etc. 

System Proposed 

An analysis of the foregoing factor 
showed that a split or hyphenatie 
number -letter code would probate' 
solve the problem. Accordingly, 
system encompassing this method w; 
evolved. The first section is compos, 
of key letters designating the electro 

Old Type New Specification 
27 T15-2U 

ID8GT DTP11- 
1FK 

6SC7 TT12- 
6M S 

12SC7 TT12- 
12MS 

7F7 TT12- 
6L 

Medium -mu ampli 
fier triode, 2.5 -vol' 
indirectly heat e 
cathode, U -t y p 
base. 
Diode, power pen 
tode, medium -m 
triode, 1 -volt fila 
ment type, previou 
GT. 
Twin high -mu tri; 
odes, cathode type 
6.3- and 12 -vo: 
single -end meta 
6.3 -volt lock in. 

6U5 IT13 -6G Remote cut -off tr 
ode, magic eye ire 

dicator, 6.3 - vo, 
glass octal. 

Comparison 
Figure 4 

of old and 
+ions. 

new type desig - 
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,structure, in combination with a num- 
ber (two digits are sufficient for pres- 

s ent purposes) which, in addition to 
acting as a number, also indicates cer- 
tain features of the tube's character- 
istics. The first part of the tube-type 
designation would often cover a num- 
ber of tubes having different construc- 
tional features, but which are similar 
electrically. 

Second Section of Code 

The second portion of the code de- 
i tails the nominal filament voltage, the 
type of electron emitter and the con- 
structional type. A single cross -index 
has also been prepared. This lists all 
the variations in physical construction 
based on each kind of electronic char- 
acteristic, and shows all the electron 
types designed for each kind of en- 
velope and application. 

6 

:ia 

:10 

af 

eb 

0, 

u 

e 

e0 

m 

ila 

ou 

Ui 

.crol 

ta 

.0)l 

.1 

First Port of the Index Code 

In Figure 1 we have a chart with 
a list of letter symbols that designate 
the various electrode structures. Most 
of the letters used have an obvious 
connotation with the accepted descrip- 
tions which they symbolize. The few 
which seem arbitrary were selected to 
avoid duplication. For example, Q 
for tetrode (quatre), S for heptode 
(seven), E for octode (eight) to avoid 
similarity to zero, P for miniature 
(peanut), etc. From this list a 
triode - hexode converter would be 
coded as KTH -.... Figure 2 il- 
lustrates the means for differentiating 
between low, medium and high -mu 
triodes, remote and sharp, cut -off 
pentodes and others. A duo diode high 
mu triode might then be coded DDT12 
-..., while a remote cut -off pentode 
could be F11 -. . . . In addition to 
giving this much information about the 
tube, the first part of the hyphenated 
number acts to index the tube in ref- 
erence manuals, from which may be 
obtained operating curves and other 
data. 

Second Part of the Index Code 

Figure 3 shows the letter symbols 
which represent the various tube con- 
structions, and which are to be pre- 
ceded by a number, indicating the 
nominal tube filament voltage. The 
letters are, in certain cases, followed 
by another letter, which may differen- 
tiate between standard metal and 
single -ended metal types, straight fila- 
ment and indirect heater, or size of 
bayonet and screw bases. A 6 -volt 
metal tube would be .... -6M, while 
a 3 -volt former GT with a center - 
tapped filament would be referred to as 

... -3FK, or a bayonet type pilot as 

.... -7Bm. 
In Figure 4 are synthesized several 

of the new designations broken down 
into their components, together with 
explanations and present type num- 
bers. Figure 5 is an index of new 
type tube numbers against present 
types taken from a partial list of ap- 
proved tubes. A cross -index is also 
presented. The serial numbers may 
seem to have many skips, but this is 
only because not every commercially 
made type is present on the list in 
Figure 5. 

Discussion of System 

Certain questionable details have 
arisen in connection with the system 
discussed above, notably the wide range 
of voltage covered by the nominal 1, 2 

and 3 -volt filament ratings. This could 
be solved through the use of the 
proper decimal in connection with the 
filament voltage number, in cases 
where confusion might otherwise re- 
sult. But this has not been done 
in this index. Another debatable point 
concerns the advisability of indicating 
the number of base pins on type P 
tubes, and also in the grouping of UV, 
UX and UY types under one heading. 

Duplication Problems 

Some unfortunate cases of duplica- 
tion in tube types which were made 
to provide alternate basing arrange- 
ments add to the complexity of our 
system. An example is given by the 
two tubes 5Y3G and 5Y4G. Their 
physical and electrical characteristics 
both are identical. The only differ- 
ence is in the pin number to which the 
elements are connected. Thus an ad- 
ditional identifying number ( -1) 
must be added to one of the tube type 
designations if both tubes are kept on 
our list. 

Special Type Tubes 

Another complication is added by 
the desirability of in some manner in- 
dicating tubes specially designed for 
high- frequency applications, or tubes 
specially selected as having low micro - 
phonic output. The method chosen 
supplies a prescript letter, as shown 
in the lower part of Figure 1. 

System Advantages 

While the full designations of a tube 
under the proposed system may fre- 
quently be more bulky than is cus- 
tomary in present usage, it should be 
noted that it is necessary to remember 
only the serial number of a tube in 
order to specify it completely. 

Diodes 
uDl1-1P 1A3 
uD13 -6A 9004 
uD15 -6A 9005 
uD17 -6P 9006 
uD19 -1L 1R4 
uD19 -6L 1203 
uD19 -1L 1294 
uD19 -6L1 7C4/1203A 

Double Diodes 
DD22 -6M 6H6 
DD22 -12M 12H6 
DD22 -6L 7A6 

Half -Wave Rectifiers 
R11 -6U 1v 
R13 -12U 12Z3 
R15 -7fU 81 
R17 -35L 35Z3 -LT 
R17 -35K 35Z4 -GT 
R19 -35HK 35Z5 -GT/G 
R19 -45HG 45Z5 -GT 
R31 -45P 45Z3 
R33 -2U 2X2/879 

Full -Wave Rectifiers 
R22-5fU 
R22-5fK 
R22-5f GA 
R24-5fM 
R24-5fK 
R26-6M 
R26-6L 
R26-12L 
R28-6G 
R40-6L 
R42-5G 
R44-28L 
Doublers 
RR22-25U 
RR22-25M 
RR22-25UA 
RR22-50K 
RR24-50G 
RR26-117G 

80 
5Y3 -GT 
5Y4 -G 
5W4 
5W4 -GT /G 
6X5 
7Y4 
14Y4 
6ZY5 -G 
7Z4 
5R4 -GY 
28Z5 

25Z5 
25Z6 
25Y5 
50Y6-GT/G 
50Z7-G 
117Z6-G 

Mercury Rectifiers 
mR22 -2fU 82 
rnR24 -5fU 83 

Gas Rectifiers 
gR22 -M OZ4 
gR22 -G OZ4 -G 

Medium -mu Triodes 
T11-1fG 
T13-1fG 
T13-1fU 
T15-2U 
T17-6U 
T19-5fU 
T21-2U 
T21-6U 
T21-6K 
T23-6M 
T25-6M 
T25-12M 
T25-6L 
T27-6M 
T29-1fG 
T29-1fL 
T31-6K 
yT33-1U 
uT35-6A 
uT35-6P 
uT35-6L 
u237-1fL 

1 G4-GT/G 
1H4G 
30 
27 
37 
40 
56 
76 
6P5-GT/G 
6C5 
6J5 
12J5 
7A4 
6L5 
1E4-G 
1LE3 
6AE5-GT/G 
864 
955 
9002 
1201 
1293 

Figure 5 

Cross reference indices of new and old 
designations. This cross reference is con- 
tinued on pages 20 and 21. A cross index 
follows this listing on page 21. These lists 
are not complete, but cover most of the cur- 
rent types and for reference purposes in- 
clude many obsolescent and little used tubes. 
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Medium -mu Duo -Diode Triodes 
DDT11-1U 
DDT11-1fG 
DDT13-2U 
DDT13-6U 
DDT13-6G 
DDT15-6M 
DDT15-6MS 
DDT15-6L 
DDT15-12MS 
DDT17-6MS 
Medium-mu Twi 
uTT11-3FL 
uTT11-3FL 
TT 13-6G 
TT15-6G 
TT15-6L 
TT15-6KS 
TT15-1ZKS 
TT17-12K 

uTT19-6P 
uTT21-6MU 

1B5 
1H6 -G 
55 
85 
6V7 -G 
6R7 
6SR7 
7E6 
12SR7 
6ST7 

n Triodes 
3B7 
1291 
6C8 -G 
6F8 -G 
7N7 
6SN7 -GT 
12SN7 -GT 
12AH7 -GT 
6J6 
1642 

High -mu Triodes 
T12-6M 
T12-6K 
T12 -12K 
T12 -6MS 
T12-6L 
T14-6G 
Diode High -mu 
DT 12-1f K 
DT12 -1f1, 

6F5 
6F5 -GT /G 
12F5 -GT 
6SF5 
7B4 
6K5 -G 

Triodes 
1 H5 -GT /G 
1 LH4 

Duo -Diode High -mu Triodes 
DDT12-2U 
DDT12-6U 
DDT12-6MS 
DDT12-12MS 
DDT12-6L 
DDT14-6G 
DDT14-6M 
D DT 14-6K 
DDT 16-6L 

Twin High-mu T 

TT12-6MS 
TT12-12MS 
TT12-6L 
TT14-6K 
TT14-12K 

2A6 
75 
6S Q7 
12SQ7 
7B6 
6T7-G 
6Q7 
12Q7-GT/C 
7C6 

riodes 
6SC7 
12SC7 
7F7 
6SL7-GT 
12SL7-GT 

Remote Cut -Off Tetrodes 
Q11 -1fK 1D5 -GT 
Q13 -2U 35 

Sharp Cut -Off Tetrodes 
Q22-3fU 
Q24-2U 
Q26-1fU 
Q28-6U 
Remote Cut-Off 
F11-1fP 
F13-1fK 
F15-1fU 
F17-1fU 
F17-1fG 
F19-2U 
F19-6U 
F19-6G 
F31-6U 
F31-6M 
F31-6G 
F31-12K 
F33-6MS 
F33-6L 
F33-12M S 
F33-12L 
F35-6L 
F35-6G 
F37-6L 
F39-6MS 
F51-6MS 
F53-6U 
uF55-6A 
uF55-6P 

22 
24A 
32 
36 

Pentodes 
1T4 
1 P5-GT 
34 
1A4-P 
1D5-GP 
58 
6D6 
6U7-G 
78 
6K7 
6K7-G 
12K7-GT 
6SK7 
7A7 
12SK7 
14A7/12B7 
7B7 
6S7-G 
7H7 
6AB7/1853 
6S S7 
39/44 
956 
9003 

Diode Remote -Pentodes 
DF11 -6MS 6SF7 
DF11 -12MS 12SF7 

Duo -Diode Remote- Pentode 
DDF11 -6L 7E7 

Triode Remote- Pentodes 
TF11-6U 
TF11-6G 
TF13-12K 
TF15-25K 

Semi-remote 
F12-1fL 
F14-1fK 
F14-1fL 
F16-6MS 
F16-12MS 

(F7 
6P7 -G 
12B8 -GT 
25B8 -GT 

Pentodes 
1 LC5 
1 N5 -GT 
1LN5 
6SG7 
12SG7 

Duo -Diode Semi -remote Pentodes 
DDF12 -2U 2B7 
DDF12 -6U 6B7 
DDF12 -6M 6B8 
DDF12 -6G 6B8 -G 
DD12 -12M 12C8 
DDF14 -6L 7R7 

Sharp -Audio Pentodes 
F22-2U 
F22-6U 
F22-6M 
F22-6K 
F22-6U 
F22-6G 
F22-6L 
F22-12K 
yF22-6M 
F26-6M S 
F26-6KS 
F26-12KS 
F26-12M S 

57 
77 
6J7 
6J7 -GT 
6C6 
6W7 -G 
7C7 
12J7 -GT 
1630 
6SJ7 
6SJ7 -GT 
12SJ7 -GT 
12SJ7 

Diode, Sharp -Audio Pentodes 
pF22 -1fP 1S5 
DF24 -1fI.. 1LD5 

Sharp r -f Pentodes 
F21-1fP 
F23-1fU 
F23-1fK 
F25-2U 
vF27-6L 
vF29-6L 
F41-6MS 
F41-12MS 
F43-6M S 
vF45-6P 
F47-6L 
F49-6L 
vF61-6L 
ñF63-6A 
uF63-6P 
vF63-6L 

1L4 
1B4-P 
1 Eg-GP 
15 
1231 
7G7/1232 
6SH7 
12SH7 
6AC7/1852 
6AG5 
7L7 
7V7 
7W7 
954 
9001 
1204 

Duo -Diode Sharp r -f Pentodes 
DDF21 -1fU 1F6 
DDF21 -1fG 1F7 -G 

Diode -Triode, Sharp r -f Pentode 
DTF21 -3FK 3A8 -GT 
Low -mu Power Triodes 
A11-5U 
A13-7fU 
A15-7fU 
Al 7-2fU 
A19-1fU 
A21-2fU 
A21-6fU 
A21-6G 
vA23-6P 

71A 
50 
10 
45 
31 
2A3 
6A3 
6B4 -G 
6C4 

Low -mu Twin -Power Triodes 
AA 11 -6U 6E6 
vAA13 -3fP 3A5 
AÁ15 -6K 1635 

Gain Triode, Low -mu Power Triodes 
to 11 -6U 
tA11 -6G 
tA13 -25U 
t13-25G 
High -mu Power 
Al2 -2fU 
A14 -2fU 
A16-6K 
A18 -25K 

6B5 
6N6 -G 
25B5 
25N6 -G 

Triodes 
46 
49 
6AC5 -GT /G 
25AC5 -GT /G 

High -mu Twin -Power Triodes 

AÁ12 -1fK 1G6 -GT /G 
ÁA14 -1fG 1J6 -G 
ÁA14 -1fU 19 
AÁ16 -2U 53 
ÁA16 -6U 6A6 
AÁ16 -6M 6N7 
AÁ16 -6K 6N7 -GT /G 
AA18 -6G 6Z7 -G 
AA20 -6G 6Y7 -G 
AA20 -6U 79 

Beam Power Tubes 
B11-1fK 
B 11-3FK 
B11-3FL 
B13-3FL 
B15-1fK 
B17-6M 
B17-6G 
B17-12M 
B19-6M 
B19-6K 
B 19-6L 
B21-6G 
B21-25G 
B23-6L 
B23-35L 
B25-25M 
B25-25K 
B25-50K 
B25-12M / 
Rectifiers f Beam 
RB11 -32K 
RB13 -70K 
RB15 -117K 
RB15 -117K1 
RB17 -117K 
Twin Beam Power Tube 
BB11 -28L 28D7 

1Q5 -GT /G 
3Q5 -GT /G 
3LF4 
3D6/1299 
1T5 -GT 
6L6 
6L6 -G 
1631 
6V6 
6V6 -GT /G 
7C5 
6Y6 -G 
25C6 -G 
7A5 
35A5 
25L6 
25L6 -GT /G 
50L6 -GT 
1632 

Power) 
32L7 -GT 
70L7 -GT 
117L7/M7 -GT 
117P7 -GT 
117N7 -GT 

Power Pentodes 
P 11-1fK 
P11-1fL 
P13-1fP 
P13-3FP 
P15-3FP 
P17-1fK 
P19-1fL 
P21-3FP 
P23-1fU 
P23-1fG 
P25-1fG 
P27-1fG 
P29-1fU 
P31-2U 
P31-6U 
P31-6M 
P31-6G 
P33-2fU 
P33-2U 
P35-6fU 
P37-6U 
P37-6K 
P37-6L 
P39-6P 
P41-6G 
P43-6U 
P45-6U 
P47-12FU 
P49-25U 
P49-25M 
P51-25G 

1A5-GT 
1LA4 
1 S4 
3S4 
3A4 
1C5-GT 
1 LB4 
3Q4 
1 F4 
1F5-G 
1G5-G 
1J5-G 
33 
2A5 
42 
6F6 
6F6-G 
47 
59 
6A4/LA 
41 
6K6-GT/G 
7B5 
6AK6 
6G6-G 
38 
89 
12A5 
43 
25A6 
25B6-G 
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Diodes; Power Pentodes 
I)1'1I -11(. 

Rectifier; Power 
RP11 -12U 
RP13 -25K 

I \ I, -( 
Pentodes 
12A7 
25A7 -GT /G 

Twin Power Pentodes 
PP11 -1fG 117 -G 
PP13 -12K 12L8 -GT 
PP15 -12K 1644 

R -F Power Pentodes 
P12-6M S 
vP14-12L 
Converter 
KS11-1fK 
KS11-1fL 
KS13-1fL 
KS15-1fK 
KS17-1fP 
KS19-1fU 
KS19=1fG 
KS21-1fU 
KS21-1fG 
KS23-2U 
KS23-6U 
KS 23-6M 
KS23-6G 
KS23-6G1 
KS23-6L 
KS23-6ML 
KS23-12K 
KS25-6M S. 

KS25-6L 
KS25-12M S 

6AG7 
1284 

Pentagrids 
1 A7-GT/G 
1LA6 
1LC6 
1B7-GT 
1R5 
1 C6 
1C7-G 
1A6 
1 D7-G 
2A7 
6A7 
6A8 
6A8G 
6D8G 
7B8 
7B8-LM 
12A8-GT/G 
6SA7 
7Q7 
12SA7 

Triode -Hexode Converters 
KTH11 -6M 6K8 
KTH11 -6G 6K8 -G 
KTH11 -12K 12K8 

Triode- Heptode Converters 
KTS11 -6G 6J 8 -G 
KTS1I -6T3 7J7 

Octode Converter 
KE1I -6L 7A8 

(Mixers) Pentagrids 
kS11-6M 
kS11-6G 
kS11-6M1 

6L7 
6L7 -G 
1612 

(Magic Eye) Remote Cut -Off 
Triodes 
IT 11 -bt' l 6AB5/6N5 
IT13 -6U 6U5/6G5 

( Magic Eye) Sharp Cut -Off Triodes 
IT22 -2U 
IT22 -6U 
IT22 -12G 

Twin Magic Eye 

II21 -6G 
II23 -6G 

CROSS INDEX 

1A3 
1A4P 
1 A5-GT 
1A6 
1A7-GT 
1B4-P 
1B7-GT 
1 C5-GT 
IC6 
1C7-GT 
1D5-GP 
1 DS-GT 
1D8-GT 
1E5-GP 
1E7-G 
1F4 
1F5-GT 

2E5 
6E5 
1629 

Tubes 
6AD6 -G 
6AF6 -G 

uD11-1P 
F15-1fU 
P11-1fK 
KS21-1fU 
KS21-1fK 
F23-1fU 
KS15-1fK 
P17-1fK 
KS19-1fU 
KS19-1fK 
F17-1fG 
Q11-1fK 
DTP1 1-1f K 
F23-1fK 
PP11-1fG 
P23-1fU 
P2_3-1fK 

1F6 DDF21-1fU 
1F7-G DDF21-IfG 
1G5-G P25-ifG 
1G6-GT AA12-1fK 
1H5-GT DT12-1fK 
1H6-G DDT11-ifG 
1J6-G AA14-1fG 
1L4 F12-1fP 
1LA4 P11-1fL 
1LA6 KS11-IfL 
1LB4 P19-1fL 
1 LC5 F12-1fL 
1LC6 KS13-1fL 
íLDS DF24-1fL 
1LE3 T29-IfL 
1LH4 DT12-1fL 
1LN5 F14-1fL 
1N5-GT F14-1fK 
1N6-G DP11-1fG 
1P5-GT F13-1fK 
10-GT/G B11-1fK 
iR5 KS17-1fP 
1S4 P13-1fP 
1S5 DF22-1fP 
1T4 F11-1fP 
1T5-GT B15-1fK 

2A3 A21-2f U 
2A5 P31-2U 
2A7 KS23-2U 
2B7 DDF12-2U 
2E5 IT22-2U 
2X2/879 R33-2U 

3A4 P15-3FP 
3A5 vAA13-3FP 
3A8-GT DTF21-3FK 
3LF4 B11-3FL 
3Q4 P21-3FP 
3Q5-GT/G B11-3FK 
3S4 P13-3FP 

5T4 R48-5fU 
5U4-G R46-5fG 
5V4-G R60-5G 
5W4 R24-5fM 
5W4-GT R24-5fK 
5Y3-GT R22-5fK 
5Z3 R46-5fU 
5Z4 R62-5M 

6A3 A21-6fU 
6A4/LA P33-6fU 
6A6 AA16-6U 
6A7 KS23-6U 
6A8-G KS23-6G 
6A8-GT KS23-6K 
6AB5/6N5 IT11-6U1 
0B7/1853 F39-6MS 
6AC5-GT/G A16-6K 
6AC7/1852 F43-6MS 
6AD6-G IT21-6G 
6AF6-G II23-6G 
6AG5 vF45-6P 
6AG7 P12-6MS 
6AK6 P39-6P 
6B4-G A21-6G 
6B5 TA11-6U 
6B7 DDF12-6U 
6B8 DDF12-6M 
6B8-G DDF12-6G 
6C4 vA23-6P 
6C5 T23-6M 
6C6 F22-6U 
6C8-G TT13-6G 

6D6 F19-6U 
6D8-G KS23-6G1 
6E5 IT22-6U 
6E6> AA11-6U 
6F6 P31-6M 
6F6-G P31-6G 
6F7 TF11-6U 
6F8-G TT15-6G 
6G6-G P41-6G 

6H6 
6J5 
6J5-G 
6J6 

6 J 7 
6J7-GT 
6J8-G 
6K6-GT/G 
6K7 
6K7-G 
6K8 
6K8-G 
6L5-G 
6L6 
6L6-G 
5L7 
6L7-G 
6N7 
6P7-G 
6Q7 
6R7 
6R7-GT 
6S7-G 
6SA7 
6SC7 
6SF5 
6SF7 
6SG7 
6SH7 
SJ7 

6 SK7 
6SL7-GT 
6SN7-GT 
6SQ7 
6SR7 
6SS7 
6ST7 
6U5/6G5 
6U7-G 
6V6 
6V6-GT/G 
6W7-G 
6X5 
6X5-G 
6Y6-G 
6Z7-G 
6ZY5-G 

7A4 
7A5 
7A6 
7A7 
7M 
7B4 
7B5 
7B6 
7B7 
7B8 -LM 
7C5 
7C6 
7C7 
7E6 
7E7 
7F7 
7G7/1232 
7H7 
7J7 
7L7 
7N7 
7Q7 
7R7 
7V7 
7W7 
7Y4 
7Z4 

10 

12A5 
12A6 
12A7 
12A8-GT/G 
12AH7-GT . TT17-12K 

(Continued on page 76) 

DD22-6M 
T25-6M 
T25-6G 
uTT19-6P 

F22-6M 
F22-6K 
KTS11-6G 
P37-6K 
F31-6M 
F31-6G 
KTH11-6M 
KTH11-6G 
T27-6G 
B17-6M 
B-17-6G 
kSIi-6M 
kS11-6G 
AA16-6M 
TF11-6G 
DDT14-6M 
DDT15-6M 
DDT15-6K 
F35-6G 
KS25-6MS 
TT12-6MS 
T 12-6M S 
DF11-6MS 
F16-6M S 
F41-6MS 
F26-6MS 
F33-6MS 
TT14-6KS 
TT 15-6KS 
DDT12-6M S 
DDT15-6MS 
F51-6MS 
D DT 17-6M S 
IT13-6U 
F19-6G 
B 19-6M 
B19-6K 
F22-6G 
R26-6M 
R26-6G 
B2I-6G 
AA18-6G 
R28-6G 

T25-6L 
B23-6L 
DD22-6L 
F33-6L 
KE11-6L 
T12-6L 
P37-6L 
DDT12-6L 
F35-6L 
KS23-6ML 
1319-6L 
DDT16-6L 
F22-6L 
DDT15-6L 
DDF11-6L 
TT12-6L 
vF29-6L 
F37-6L 
KTS11-6L 
F47-6L 
TT 15-6L 
KS25-6L 
DDF14=6L 
F49-6L 
vF61-6L 
R26-6L 
R40-6L 

A15-7fU 

P47-12FÜ 
DD24-12M 
RP11-12U 
KS23-12K 

u 
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EXPERIMENTAL 225.6 
6L6 6L6 HK-24 2 -HK -24 

4.7MC CRYSTAL PUSH -PULL 
OSCILLATOR - QUADRUPLER DOUBLER- TRIPLER 

DOUBLER DRIVER POWER AMP. TO 
T09.4MC 9.4To 376Mc 37.6To75.2Mc 75.2 M c T. 

(x 2 ) (x8) (x16) To225.6 Mc 
(x 48) 

LOW VOLTAGE 
POWER SUPPLY 

HIGH VOLTAGE 
POWER SUPPLY MODULATO R 

FREQUENCY multiplication of- 
fers an effective means of obtain- 
ing high transmitter efficiency, 

particularly on u -h -f for relay work. 
Accordingly, to conduct relay experi- 
ments on u -h -f, a transmitter encom- 
passing this mode of design was built. 
The transmitter, shown in block dia- 
gram form in Figure 1, was designed 
for use on 225.6 mc. 

The r -f section of the transmitter 
employs but five tubes. The frequency 

of a 4.7 -mc crystal is multiplied 48 
times to 225.6 mc. 

Operation of Transmitter 

A schematic diagram of the r -f sec- 
tion of the transmitter is shown in 
Figure 2. The 4.7 mc crystal oscilla- 

Figure 2 

R -f section of the 225.6 -mc a -m transmitter. 

by W. L. MOLAR 
Development Engineer 
Bird Engineering Co. 

Figure I 

Block diagram of the 225.6 -mc transmitter 

using frequency multiplication. 

tor functions when power is applied, 
regardless of the tuning of its 9.4-mc 
plate circuit. When the oscillator is 
operating, a small reading is obtained 
on the grid milliammeter. As each 
successive multiplier stage is resonated 
to its operating frequency, the direct 
current flowing in the grid return cir- 
cuit will increase the milliammete 
reading. Resonance of the 75.2 -mo 
doubler- driver plate circuit is obtained 
by adjusting its plate resonance and 
the resonance of the grid circuit of 
the tripler- amplifier at the same time. 

II 

on 

hl 

Ó 
o o 

6 L6 

N 

u 

'4" 
Oì 

`100l 

015 

100 
mmfd J q 

od 
0 

.002 .002 ' 

2 

6 L6 

8FC2 

SWITCH -x- 

II5V.AC 

FC 

.0 7.5V. 

co 

u 

to 

r0 

/-"- 
35---)¡¡¡ 

50,000 Oy 'rmfd 002+ -' .002 

H K-24 

.002 

002 
o o o 
o 

300v 

2 
.001. 

cp 

u 

N 
(.0 r 

I5%` Ó1 
mmfd 

T O 

*1 p H 

= 
T1'.00025 
J 

eFC 

GRID 
07050 MA 

O 
GND 500v 

Modulated 

FC 

(o600-` 

5,000 `f H 

Ant. Coupling 
'Hair Pin' 

CH 

T.00025 
SHORTING 1, 

BAR 

3mmfd 

HK-24 

15 
mmfd 

=T 

f 
75.2 mc 

SHORTING 
-- -BAR 

15mmfd 

TRIPLER PLATE \ 
0 To 200 MA 

Broken Lines Indicate 
VeryShort Connecting Leads 

0 
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AC A -M RELAY TRANSMITTER 

x 

ti 

ñ 

nt view of the amplitude modulation 

rahigh- frequency relay unit using but five 

tubes in the r -f section. 

hen resonance of both circuits oc- 
rs, a maximum reading is obtained 

the grid meter. 

lament Filters 

The filament chokes (f c) and t heir 
sociated bypass condensers con- 
ibute to the efficiency and stability 

the transmitter by restricting the 
culation of stray r -f energy. The 

ament chokes are designed with the 
oper resistance to provide 6.3 volts 

the tube filaments with filament 
wer supplied by a 7.5 -volt trans - 
rmer. 

25.6 -MC Regenerative Tripler 

The operation of the push -pull 
ipler- amplifier is quite interesting. 

shows evidence of regeneration 
hen in operation. The plate and 

t' 
lament resonant lines are in close 
oximity and in inductive relation; 
e filament line is beneath the plate 

ne and is transposed. 
Due to the arrangement of plate 
d filament lines, the tripler com- 

rises a neutralized harmonic- ampli- 
er. Many experimenters have realized 
at harmonic- amplifiers, when neu- 
alized, afford better tube efficiency. 

n the usual unneutralized triode har- 
onic- amplifiers, the feedback through 
e grid -plate capacity is, of course, 

degenerative. It is degenerative be- 
cause the harmonic feedback provides 
a capacitive reactance in the grid cir- 
cuit. If an inductive reactance should 
prevail, the feedback would then be 
regenerative. The latter condition oc- 
curs in this u -h -f relay transmitter. 
Thus by varying the reactance of the 
harmonic feedback in the grid circuit, 
any degree of regeneration or de- 
generation is possible. 

Tripler Tuning 

Tuning of the tripler is accom- 
plished by adjusting the shorting bars 
on the filament and plate lines, with 
75.2 -mc excitation applied. Resonance 

is indicated by a minimum plate cur- 
rent dip of the tripler plate- circuit 
milliammeter. These adjustments are 
made with the resonant line tuning 
condensers set at half their capacity. 
The condensers are then adjusted for 
fine tuning and serve as a convenient 
means of compensating for changes in 
loading and small circuit changes due 
to temperature variations. The vari- 
able condenser on the filament line is 

a regeneration control. The physical 
proportions of the filament and plate 
lines are shown in Figures 3 and 4. 

Resonant Line Peculiarities 

Incidentally resonant line circuits 

Sliding Clamps 
3 mmfd Variable 

Between 
Square Pinsi f 

Condenser 

Copper 

For Shorting Bar 
I a ; 

z'r 24F Contact Plate 

Shorting Bar Spacing 
5 mmfd Between Pipes 
Variable - -- 31 - - --I 
;Condenser 

{ Between 
Pipes 

4 i 
Pi pei 

9g 
114' 

'. ' m '- i 
` I i ;/ L. 2i: .i 

z OD Round Aluminum Pipe I 

1" OD Round k- 8i. -f 

'I 

C { I 

Figures 3 (left) and 4 (above) 

Antenna Coupling 'Hair Pin- 
Of Nc 8 Copper Wire 

Figure 3 illustrates the physical proportions 

of the plate line. The filament line physical 

proportions are shown in Figure 4. 
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operate differently from conventional 
coil and condenser circuits in that they 
react in opposite fashion to identical 
treatment. This may be interesting to 
experimenters who are familiar with 
self- supporting coils that can be ad- 
justed to resonate at a lower or high- 
er frequency by decreasing or increas- 
ing the spacing between turns. When 
the turns of a coil are spaced close to- 
gether, it will resonate at a lower fre- 
quency than when the turns are spaced 
apart. The reverse of this is true with 
resonant line circuits. When the lines 
are spaced close together the circuit 
will resonate at a higher frequency 
than when space between lines is in- 
creased. 

Cascade Modulation 

An unusual feature of the transmit- 
ter is the cascade modulation of the 
double -driver and the push -pull tripler - 
amplifier. Cascade modulation of the 
two stages permits the application of a 
higher percentage of modulation with 
a low value of excitation to the tripler, 
than could be obtained by modulating 
the tripler alone. 

Driver and Tripler Phasing 

To take full advantage of cascade 

modulation, the modulated stages must 
be correctly phased at audio fre- 
quencies. In the 225.6 -mc transmitter, 
the correct phasing of the driver and 
tripler was complicated by the pres- 
ence of stray r -f (inductive coupling, 
with rf coupling link removed) be- 
tween the 75.2 -mc driver plate -tank 
circuit and the 75.2 -mc tripler grid - 
tank circuit. This stray coupling oc- 
curred in spite of the fact that the two 
circuits are separated eight inches and 
are located so that the aluminum 
chassis shields one circuit from the 
other, (Figure 5a) . 

Radio Frequency Phasing 

To avoid loss of excitation, because 
of the stray coupling, it was necessary 
that a r -f coupling link be installed 
between the two circuits, so as to be 
in series -aiding to the stray coupling. 
This condition was determined by 
trial. That is, we first observed the 
tripler grid current. Then we trans- 
posed the r -f coupling link and re- 
versed the direction of coil winding in 
the driver plate or tripler grid -tuned 
circuits. This procedure is illustrated 
in Figure 5b and 5c. The condition 
providing maximum tripler grid cur- 

rent proved to be the correct on 

Audio Frequency Phasing 

If the modulated excitation from th 
driver is out of phase with the triple 
at audio frequencies, severe dowr 
ward modulation will result. Whet 
this occurred in this transmitter th 
two stages were properly phased h 
reversing the r -f coupling link polariti 
and the winding direction of one co; 
in the 75.2 -mc driver to tripler coup 
ling circuit. This reversal establishe 
the two stages in phase at audio fre 
quencies and maintained the excita 
tion in series -aiding to the stra 
coupling. 

Results 

With an output power of 10 wattst 
this transmitter has provided excel] 
lent signals under a variety of condi 
tions. Listening tests on the 225.6 
me operating frequency indicated com 
plete freedom from ignition, electrical 
appliance, power circuit and atmosi 
pheric disturbances. In addition, tes 
were conducted during violent thunder 
storms. Uninterrupted communication 
was carried on over a 30 -mile pats 
during such storms, while strong loca 
broadcast -band signals were blotter 
out completely. 

At (a) is illustrated a condition 
Figure 5 

for stray r -f coupling between 75 -mc tuner circuits. Tripler grid circuit is shown. In (b) we have 
transposed link, while in (c) is shown a plate coil winding reversal. 
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wherever n tube is used... 

A beam of light is reflected 
across the point of opera- 
tion, then into o photo -tube 
in this safety application. 

,,,._.-s" 

1 

THERE'S A JOB FOR 

Q BY GUARDIAN' 
Where makeshift mechanical devices rudely thrust your workers' 
hands and fingers away from punching and forming dies, the electron 
tube in combination with a relay offers definite advantages for safer 
power press operations. 

Instantly responsive, dependable and simple -a beam of light, if 
broken or modulated, actuates the electron tube; the relay breaks the 
circuit and locks the controls in the "off" position until the full light 
beam is restored. Typical of relays which may be used in conjunction 
with such a photo -tube safety application, is the Series 5 D.C. Relay by 
Guardian. In hundreds of other ways -especially in your postwar 
developments -wherever a tube is used there's usually a job for Relays 

by Guardian. 

* Not limited to tube applications but used wherever automatic control is desired for making, 
breaking, or changing the characteristics of electric circuits. 

GUARDIAN 
1623 -R W. WALNUT STREET 

A COMPLETE LINE OF RELAYS SERVING 

Series 5 D.C. Relay. Maximum switch capacity 
two normally open -two normally closed -or 
DPDT Contacts. Resistance ronge .01 up to 
15,000 ohms. Send for bulletin 14. 

ELECTRIC 
CHICAGO 12, ILLINOIS 

AMERICAN WAR INDUSTRY 
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IRE WINTER TECHNICAL MEETING 
Thursday, January 27 (Joint AIEE -IRE 
Session . . . At Engineering Societies 
Building, 33 West 39th Street, New 
York Clty1 
2 :00 P.M. "A Short -Cut Method of 

Estimating TIF of Power Systems 
with Rectified Load" ; C. W. Frick, 
General Electric Company. 
"Crossbar Toll Switching Sys- 
tem" ; L. G. Abraham, A. J. 
Busch, and F. F. Shipley, Bell 
Telephone Labs, Inc. 
"Automatic Ticketing of Telephone 
Calls" ; O. A. Friend, Bell Tele- 
phone Labs, Inc. 
"Electronically Controlled Dry - 
Disc Rectifier" ; Allen Rosenstein, 
and H. N. Barnett, Signal Engi- 
neering Products Company. 
"Rectifier Circuit Duty" ; C. C. 
Herskind, General Electric Com- 
pany. 

8 :00 P.M. "Enemy Communication 
Equipment" ; Major General R. B. 
Colton, Signal Corps, U. S. Arne 

Friday. January 28th (IRE Technical 
Meeting . . . Hotel Commodore, New 
York City) 

8 :00 A.M. Registration 
10 :00 A.M. Opening of Meeting by Dr. 

B. E. Shackelford, chairman. 
10 :10 A.M. "Electronic Tin Fusion" ; 

H. C. Humphrey, Westinghouse 
Electric and Mfg. Company. 

10 :35 A.M. "The Amplidyne System of 
Control" ; M. A. Edwards and K. 
K. Bowman, General Electric 
Company. 

11 :15 A.M. Two -group technical session. 

Group A 

.11:20 A.M. "Joint Army and Navy 
Tube Standardization Program" ; 

Lt. C. W. Martel, U. S. Army and 
J. W. Greer, USN. 

11:40 A.M. "A New Studio-to- Trans- 
mitter Antenna" ; M. W. Scheldorf, 
General Electric Company. 

12:00 Noon. "Orthicon Cameras in 
Television Studio Work" ; H. R. 
Lubke, Don Lee Broadcasting Sys- 
tem. 

Group B 

11 :20 A.M. "The Limitations Imposed 
by Quantum Theory on Resonator 
Control of Electronics" ; L. P. 
Smith, RCA. 

11:40 A.M. "The Piston Attenuator" ; 

H. A. Wheeler, Hazeltine Elec- 
tronics. 

12:00 Noon. "Equivalent Circuits for 
Discontinuities in Transmission 
Lines" ; J. R. Wh innery, General 
Electric Company. 

Group A 

2:00 P.M. "The Modification of Noise 
by Certain Non -Linear Devices" ; 

Dr. D. O. North, RCA. 

IRE MEDAL OF HONOR TO PRATT 
Haraden Pratt, vice -president and chief 
engineer, Mackay Radio and Telegraph 
Company and vice -president of the Fed- 
eral Telephone and Radio Corporation, 
has been awarded the Medal of Honor 
by The Institute of Radio Engineers for 
distinguished service in the field of radio 
communication. 

Mr. Pratt, who is secretary and past 
president of The Institute of Radio Engi- 
neers, also is the Institute's delegate to 
the Radio Technical Planning Board. 

2 :20 P.M. "Some Experiments Relat- 
ing to the Statistical Theory of 
Noise" ; C. M. Burrill, RCA. 

Group B 

2:00 P.M. "Transmission Line Analogies 
of Plane Electromagnetic Waves" ; 

Dr. A. B. Bronwell, Northwestern 
University. 

2 :20 P.M. "Equivalent Circuit of the 
Field Equations of Maxwell" ; Ga- 
briel Kron, General Electric Com- 
pany. 
"A New Approach to the Solution 
of High Frequency Field Prob- 
lebs" ; J. R. Whinnery and Simon 
Ramo, General Electric Company. 
"AC Network Analyzer Studies of 
Electromagnetic Cavity Resona- 
tors" ; J. R. Whinnery, C. Con- 
cordia, W. Ridgway and Gabriel 
Kron, General Electric Company. 

2 :40 P.M. "Intermittent Behavior in 
Oscillators" ; W. A. Edson, Bell 
Telephone Laboratories. 

3:00 P.M. "The Work of the Radio 
Technical Planning Board," A 
Symposium ; Haraden Pratt, Mac- 
kay Radio, chairman. 

Speakers 

Dr. W. R. G. Baker, RTPB chair- 
man. 

F -M BROADCASTERS MEETING 
FM Broadcasters, Inc., will hold its fifth 
annual meeting 't the Commodore Hotel, 
New York City, on January 26 and 27. 

Scheduled to speak at the meeting are 
Walter J. Damm, Philip Loucks, C. M. 
Jansky, Jr., Major Edwin H. Armstrong, 
Dr. W. R. G. Baker, and FCC chairman 
Fly. 
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Dr. A. N. Goldsmith, chairman 
Panel 1 ; Spectrum Utilizatio 
Dr. C. B. Jolliffe, chairman 
Panel 2; Frequency Allocation. 
R. M. Wise, chairman of Panel 
High Frequency Generation. 
H. S. Frazier, chairman of Pan 
4; Standard Broadcasting. 
C. M. Jansky, Jr., vice chairman 
Panel 5; Very High Frequenc 
Broadcasting. 
D. B. Smith, chairman of Pan. 
6; Television. 
J. V. L. Hogan, chairman c 
Panel 7 ; Facsimile. 
Haraden Pratt, chairman of Pan 
8; Radio Communication. 
E. W. Engstrom, chairman c 
Panel 9 ; Relay Systems. 
W. P. Hilliard, chairman of Pam 
10 ; Radio Range, Direction, an 
Recognition. 
D. W. Rentzel, chairman of Pam 
11; Aeronautical Radio 
C. V. Aggers, chairman of Pan 
12; Industrial, Scientific an 
Medical Equipment. 
D. E. Noble, chairman of Pam 
13; Police Emergency Service. 

7 :00 P.M. Banquet. George Lewd. 
Master of Ceremonies. 

Saturday, January 29th (IRE Technica 
Meeting . . . Hotel Commodore, New 
York City) 

9 :30 A.M. "Design Technique Versu 
Service Requirements" ; I. 
Stanton, RCA. 

9 :50 A.M. Subject to be announced 
A. Stringer, RCA. 

10 :30 A.M. "Engineering Work Of th 
Federal Communications Commis 
sion ", A Symposium ; Professor h 
M. Turner. chairman. 

Speakers 

"General Introduction" ; E. K. Jet 
FCC Chief Engineer. 
"Timely Broadcast Matters" ; G. F 
Adair, assistant chief engineer an 
chief of the Broadcast Division o 
the Engineering Department. 
"Police and Aviation and Mari 
time Services" ; W. N. Krebs, chie 
of the Safety and Special Service 
Division. 
"International Point -to -Point an 
Allocation Problems" ; P. F. Si' 
ing, chief of the International Divi 
sion of the Engineering Depart 
ment. 

2 :30 P.M. "Organization of Radio Re 
search, Development and Produ 
tion in Great Britain ; F. S. Barto 
British Air Commission. 

3:15 P.M. "Peace, War, and Futu 
Application of Radio in China" 
T. M. Liang, Chinese Suepply Mi 
sion. 

3 :45 P.M. "Standardization of Servic 
Equipment" ; Commander A. 
Chamberlain, U. S. Navy. 

ENGINEERING CONFERENCE PROGRAA 
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TODAY... 
Aerovox Capacitors Go to War 

TOMORROW... 
Aerovox Capacitors Help Build 

Peacetime Progress 

'.7 

!I. 

erovox oil- filled capacitors 
r war and for peace -a 
ant 15,000 volt unit with 

ide terminal and grounded 
ase, to reduce head room; 

small "bathtub" unit for 
se in better -grade radio 
nd electronic assemblies. 

In countless ways Aerovox capacitors are 
speeding up the winning of the war. Thousands 
of skilled workers, carrying out the designs and 
specifications of engineers long specializing in 
capacitors) are meeting a large portion of the 
wartime requirements. 

Indeed, Aerovox personnel has expanded 
threefold since Pearl Harbor. Close to half a mil- 
lion square feet, in two plants, are now devoted 
exclusively to capacitor production. 

Today Aerovox is all -out for the war effort. 
Winning the war comes first. But tomorrow, when 

victory shall have been achieved, Aerovox once 
more will be ready as never before to rebuild for 
peacetime progress -to meet the requirements of 

the expanding radio industry and the booming 
electronic era. Special types of yesterday shall be 
the commonplace types of tomorrow. New stand- 
ards of life and performance for your assemblies 
can be taken for granted. 

Let us help you now with your wartime needs. 
And it isn't too early now to be discussing your 
post -war plans and problems. Submit your ca- 
pacitance problems or needs. 

'J lu 

r1i 

h`7 
A E R O V O X C O R P O k A T I 0 N . N E W B E D F O R D M A S S . U. S. A. S A L E S O F F I C E S I N A L L P R I N C I P A L C I T I E S 

Export 100 VARICK ST., N. Y. C. Cable: 'ARLAB' 
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Figures I (left) and 2 (right) 
In Figure I appears a concept 
of the elementary theory of 
parallel circuits. Figure 2 
shows circuit used to determine 
the equivalent impedance of 
three branches as described in 

the N diagram, Figure 4. 

NOMOGRAM 
FOR SOLVING PARALLEL CIRCUIT PROBLEM; 

THE various methods, such as ad- 
mittance and graphic, for solv- 
ing a parallel circuit consisting 

of two or more branches are usually 
tedious and time consuming. More- 
over, the possibility of introducing a 
mathematical error is great as there 
are many steps involved in each case. 
It is the purpose of this nomogrtm to 
present a method through which the 
determination of the equivalent im- 
pedance in rectangular coordinates of 
any parallel circuit can be greatly 
simplified. 

Referring to Figure 1 and recalling 
from the elementary theory of parallel 
circuit, we have the following equa- 
tions: 

Z1=R1+j(X'L-X'c) 
=R1+jX1, if VI, >X'e (1) 

Z2 - R2 + j 
( X'L 

- X'G ) 
2 

= R. + j X2, if X's, >\'. 
z3 = R.+ j 

( X'L8 

- X'c ) 

= R3 - j _l':,, if X',. < Ve 
a 

z4 = R4+ j ( X'L - 
. R,- j X,, if X',. < 

For Z, and Z2 in parallel, 

Figure 3 

The Z diagram. 

a 

= 

by SGT. BON L. WONG 
Weather Inf. Branch, AAF 

Z, Z2 
Zo = 

Z,4-Z2 
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(R1 +jX,) (R2 +jX2) 

(R, +iX1) +(R2 +jX2) 
(5) 

(R12+ X12) R2 + (R21 + X22) R, 

(R, + R2)2 + (X1 + X2)2 

+j 
(R12 -}- X12)X2 + (R22-1- X22)X 

(R, + R2)2 + (X, + X2)2 

For Z2 and Z:, in parallel 

Z2 Zs (R2 + JX2) (R3- jXa) 
Zo = _ 

zs+Zs (R2+jXa)+(Rs-iX,; 
(6; 

14 

13 

12 

II 
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X 3 
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00 
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SISENRCRID11111111111 `\``""" 

kihmavoilmaill111111 ..iZ.`\ _``"`\."","`. _"",`"""""1, _\`` "`,,,,,""""' `" , , ", " " 1" 1,11't l' 1 "' \\\ \1 \ I111111aI 1 I 1 I 1 l 1 I 1 1 l 1 'I ' 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 

RI,R2,(RI+R2) ETC. --R 
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"In recognition of Service beyond the call of duty .... " 

In this grim business of war, the men in 
uniform take the risks; they deserve the 
decorations. 
We tube manufacturers don't expect med- 
als. When, however, credit does come 
our way ... and when it comes from such 
a man as Paul V. Galvin, President of 
RMA .. - . it makes us mighty proud and 
happy. 

"Let me take a moment for special 
mention of the tube engineers. Too 
often they are not fully recognized. 
We see fine accomplishments in ap- 
paratus, but we fail to appreciate the 
important work that has been done be- 

hind the scenes by the tube engineer. 
HatE off to you -your accomplishment 
has been most extraordinary. But you, 
also, you cannot as yet rest upon your 
oars. The job is not finished, and new 
and additional accomplishments are 
required before we are finished with 
this war." 

Hytron engineers realize fully that "the 
job is not finished ", and they continue to 
strive for "new and additional accom- 
plishments" needed to win the war. Their 
aim is to develop better tubes to make 
possible better fighting equiment -let the 
decorations fall where they may. 

* Excerpt from address of Paul V. Galvin, president of the Radio Manufacturers Association 
at the Institute of Radio Engineers' Rochester Fall Meeting, November 9, 

RECEIVING 
TUBES 

OLDEST EXCLUSIVE 
MANUFACTURER 

OF RADIO 

1943. 

S A L E M 
A N D 

. OwSO 
110110103 

g 
411k 

NE.:.WgURYPORT, 
MASS. BUY 

ANOTHER 
WAR BOND 
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E 

15- 

12= 

I o- 

8- 

5-- 

N Diagram 
D C 

-3000 

200 = 
150 
l 2000 

1500 s 
loo-- -r- 
90 
8o -.--I 000 -r- 
70 

60 r7 
50 =.--- 

/ SW 0 

B A 

--14 

20 -- 

/ / 

3.5~ 12 

-e- 

-I 1 1 
3.0--r 

(Rs'+ X22) R3 + (R32+ X34) 

(R3 +R2)*+ (X3 -X2)2 

-(R32 +X34) X2+ (R22+ X22) 
+j 

(R + R2)2 + (X3- X2) 

For Z3 and Z4 in parallel 

Z,Z4 (R8 -jX3) (R4 -jX, 
Z3+Z4 (R3-jX3) + ( R4- jXl 

(R82 + X82) R4 + (R42+ X44) 

(R3 + R4)2 + (X8 + X4)2 
o 

DD (R32+X32) X4+ (1-42+X42) i 

(R3 + R4)2 + (X3 + X4)2 

/ 2 It should be pointed out that eqp; 
tions for Z,,,, Z8,,, and Z,,, can al 
be written but are not needed, sin 

^- they are similar to Z2, 3. Consequent) 
equations 5, 6 and 7 are the gener 
solutions of parallel combination 
two resistance-inductive branches, 
resistance-inductive branch and a r 
sistance-capacitive branch, and two r 

By inserting proper subscripts to tl 
constants of an equation representir 
the equivalent impedance of tv 
branches, the resulting equation tak 
the form of equations 1, 2, 3 or 
This and another equation of either 
single branch or the equivalent of tv, 

branches will be the final solution of 
network of three or four branch( 
We follow the same procedures if the 
are more than four branches. 

Attention is called to the fact th 
equations 5 and 7 are identical exce 
for the sign of the second terms ai 
are always inductive and capacitiN 
respectively. However, equation 
could be either inductive or capacitiN 
depending upon the numerical valu 

--4- 

2- 

0.9- 

o.8- 

2 

-.--20 - 

Figure 4 

N Diagram 
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of the constants of the two branch 
in question. 

An inspection of the terms on t 
right hand side of the equal sign 
equations 5, 6, and 7 shows but a fe 
simple steps of mathematical oper 
tions. Moreover, there are comma 

0 -3.5 terms in the numerators as well as 
the denominators. It is therefo 
rather easy to get the final result 
merely drawing a few straight lin 
connecting the given constants on a 
propriate scales. The Z diagram 
primarily used for determining t: 

square root of the sum of two squar 
while the N diagram is for multiplic 
tion and division. Whenever A, B, 

(Continued on Page 77) 
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IHE GIANT OF MILITARY RADIO 
%lse Awe Ifid SeR-299 
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As beachheads and command posts are established, the SCR -299 

built by Hallicrafters speeds ashore and immediately starts operation in voice and code, while 

stationary or speeding through woods and along rough roads under enemy fire. 

Today these Giants of Military Radio are repeating this tough ¡ob, with the Allied Nations, on all 

the battlefronts of the world. Whether directing the fire of battle wagons lying offshore or the con- 

centration of Allied land forces' fire on a strategic hill, the SCR -299 "gets the information through!" 

HALLICRAFTERS HAS THE HONOR OF BEING 

THE 1ST EXCLUSIVE RADIO MANUFACTURER 

TO RECEIVE THE ARMY NAVY PRODUCTION 

AWARD FOR THE 3RD TIME! THE WORLD'S 

LARGEST EXCLUSIVE MANUFACTURER OF SHORT 

WAVE RADIO COMMUNICATIONS EQUIPMENT 

BUY MORE BONDS! 

hdIIÏ[ríiflPr5 
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PHASE MONITOR 
by DR. VICTOR J. ANDREW 

Andrew Company 

-1 HE intent of the phase monitor 
is to give an absolute reading 
of the phases of the radiated 

field. Some people have used moni- 
tors as comparison devices only to 
indicate changes in phase. The in- 
,trument also has its greatest utility 
during tuning of the antenna system, 
rather than as a routine operation in- 
strument. The accuracy is believed 
to be in the order of 2 °. 

Place of Sampling 

With a series -fed tower of not over a 
quarter- wavelength (physical height) 
a sample can be taken in the antenna 
lead within the antenna tuning house. 
The sample must be taken by a trans- 
former with an electrostatic shield, so 
that the voltage of the lead does not 
influence the reading. The entire 
transformer (primary and secondary) 
is housed in a metal box, so that it 
will not be influenced by the electro- 
magnetic field of nearby inductances. 

In series -fed antennas of greater 
than quarter -wavelength height, the 
phase rotation of the current at dif- 
ferent points on the tower commences 
to play an appreciable part. The 
pickup loop is therefore mounted at 
the point of greatest current, below 
the top of the tower. This point is 
not critical. A minimum height of 
50 feet above ground for the loops 
was maintained on a Wincharger 
tower. In tests all loops were at the 
same distance from the top of their 
towers, though the towers were of 
different heights. 

On a shunt -excited tower the sam- 
pling loop must be mounted a sub- 
stantial distance above the feed wire. 
Five times the tower diameter should 
suffice. Incidentally, in our tests shunt 
excitation of broadcast towers has 
been found to be impractical. 

Symmetry 

To get absolute measurement of 
phase it is necessary to make the dif- 
ferent sampling loops and their trans- 
mission lines identical. Extra line 
from the nearer towers may be coiled 
without appreciably affecting its 
length. 

Design of Pickup Loops 

The phase shift between the current 
in the tower and in the sampling line 

Figure I 

Type of loop pro- 
posed by the author 
for pickup purposes. 

should be kept identical for all towers. 
Accordingly, the voltage picked up by 
the loop should not be varied. If the 
size of the loop is varied, the change 
in inductance gives objectionable phase 
shift. The monitor must permit the 
necessary adjustment of input voltage, 
and this adjustment must not shift 
phase. 

Pickup Loop Application 

Ordinarily, no tuning device is 
used in our pickup loops. If such a 
device is used, it may be adjusted 
with a bridge to identical tuning in 
the different loops. If it is merely 
tuned to maximum output, an ob- 
jectionable phase shift may occur. For 
example, if the output is left 1% down 
by mistuning on one side, the phase 
will be shifted by 12 °. 

By carrying loops near tower mem- 
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bers we have noted that the field 
creases rapidly as we come close 
the tower leg. The greatest picl 
is obtained by using the tower me 
ber itself as one side of the loop. T. 
is not very desirable, however, as 
rusty joint might later introduce 
sistance which would . introduce 
major phase shift. 

Figure 1 illustrates the type of h 
found quite effective. It is formed, 
one piece. Brass bolts are brazed it b 
the metal for connections, to prey . 
poor connections resulting from ri 

Pickup loops which were insul 
from the tower have never been u 
because we have anticipated that el 
trostatic pickup on them might in 
ence readings. However, our calcti 
tions of the possible magnitude 
this influence have indicated that 
would not be serious. 

TRANSMITTER MEASUR EMI 
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Chemistry is but one of the many sciences 
which are collaborating at National Union 
in the work of producing better electronic 
tubes for today's vital war assignments. 

Indeed, our chemists are playing a decisive role 
in making National Union Tubes measure up to 
the precise standards of scientific instruments. 

Thanks to chemical research, we know for ex- 
ample that not only must the formula of a tube's 
emission coating be right, but also the application 
and processing methods must be rigidly controlled. 

To effect such control our chemists, in coopera- 

N ATIO N 

Lion with the engineers of our Equipment Division, 
designed, built and put into production a new type 
automatic coating machine. Operating in an air - 
conditioned chamber, this equipment provides 
exact control of both the coating operation and the 
chemical processing of the emission coating - 
free from all extraneous elements. 

The fact that tube manufacture is such a many- 
sided scientific job -is a subject to keep in mind 
when making post -war plans. If you have electronic 
tube problems -count on National Union. 

NATIONAL UNION RADIO CORPORATION, NEWARK, N. J. 
Factories: Newark and Maplewood, N.J., Lansdale and Robesonia, Pa. 

u N 10 N 
RADIO AND ELECTRONIC TUBES 
Transmitting, Cathode Ray, Receiving, Special Purpose Tubes Condensers Volume Controls Photo Electric Cells Panel Lamps Flashlight Bulbs 
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T HE present conflict has prompted 
increased interest in the construc- 
tion of lines, loops and cables to 

facilitate broadcast, radio, telegraph 
and telephone communication through- 
out all of the theatres of war, as well 
as at home. One of the most import- 
ant pieces of equipment used for the 
rapid location of faults in lines and 
cables and routine maintenance of all 
these important nerves of communica- 
tion is the Wheatstone bridge. A 
volume could be written upon the sub- 
ject, taking up all of the various com- 
mercial and industrial applications. 
However, only those applications 
which have a direct influence upon the 
problems mentioned will be taken up 
in this paper. 

The Wheatstone bridge was actually 
invented by Samuel Hunter Christie 
in 1833, but no practical applications 
of its use were developed until ten 
years later. In 1843 Sir Charles 
Wheatstone developed the bridge by 
the judicious use of Ohm's Law to the 
network, in connection with problems 
arising in the field of telegraphy. 

Lattice Network 

In its unmodified form, the Wheat- 
stone bridge is a special case of the 
generalized lattice network, where one 
of the branches of the lattice has a 
battery inserted in it and the conju- 
gate of that branch has a moving coil 
type of galvanometer placed in it. 

The remainder of the branches of the 

34 COMMUNICATIONS FOR JANUARY 

T 

Figure 1 

H 

(PART ONE OF A TWO -PART PAPERI 

by PAUL B. WRIGHT 
Communications Research Engineer 

A megohm bridge, 
embodying the 
Wheatstone bridge 
principle, on field 

service. 

(Courtesy 
General Radio) 

lattice are composed of pure resist- 
ances except for the line or circuit 
being measured, which may have re- 
active components. These do not, 
however, enter into the direct current 
measurements. 

Basic Theory 

Irrespective of the applications of 
the bridge, the basic theory under the 
condition of balance is the same. The 
essential differences between various 
bridges are those of physical size and 
arrangement, purpose of operation 
and the accuracy of measurement de- 
sired. Some sets are small, compact 
and portable, using only one of a few 
dry cells for the source of potential, 
while others are relatively large, per- 
manent, and utilize heavy -duty dry 
batteries or storage batteries for oper- 
ation. The indicator in all direct 
current cases is a moving coil gal- 
vanometer of the D'Arsonval type, 
equipped with a pointer in the port- 
able units or with either a pointer or 
a mirror in the permanent types of 
bridges. The pointer type is directly 
indicating, while the mirror type is 
indirectly indicating by means of a 
spot of light centered on a hair line and 
reflected by the mirror to a translu- 
cent scale upon which indicating 
marks or divisions are placed. Both 
indications are normally centered on 
a zero setting when the bridge is bal- 
anced, deflecting to the left when the 
balancing resistance is too low and 

1944 

to the right when the balancing 
sistance is too high. 

Types 

The types of Wheatstone bri 
may be classified roughly into th 
groups -plug and block, slidewire, 
dial types. Ili the plug and block t 
the plugs and blocks are machined 
a taper fit and serve ta reduce c 

tact resistance to a minimum. 'I 
type bridge is most frequently v . 

in the laboratory as a standard and Si 

general use. The slidewire bridg 
useful for resistance measurem 
which are repeated often as in rou 
inspection of resistors in manufac. 
ing plants. Such bridges are off 
by commercial concerns as ohmmn 
and per cent limit bridges. Other 
ful applications of the slidewire bri 
are in laboratories of schools and 
leges for instruction purposes. ' 

dial type of bridge is perhaps the ri 

common and useful of the commer 
bridges, for location of faults in c 
munications circuits. This bridge ; 

ally has one dial for obtaining m. 
plying values of .001, .01, .1, 10, 
and 1,000, and is known as the r 
dial. Frequently these dials have 
tings of M10, M100 and M1,000, 
use in Murray Loop tests. Four 
more dials are used in series to n 
up the adjustable arm of the brii 
providing a range of from a fr 
of an ohm to about 11,111 ohms. 
exact arrangement and values 
vary slightly with the make and m 
facture of the bridge. Switches are 
provided to make the necessary tri 
formations for the connections tc 
made as, for instance, the Loop, 
ley and Murray measurements. 

It 

Resistance Value Ranges 

The range of resistance vw 

which may be measured by the c 

nary Wheatstone bridge is quite 1. 

covering from a small fraction 
ohm to several megohms. The s 
tivity of the bridge is not sufficie 
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e, 

HEATSTONE BRIDGE 
is Scope and Usefulness To The Communications 

E n g i n e e r T o d a 

high values to permit very great 
:urancy, while contact resistance 
ers as the controlling factor in 

asurement of values less than an 
m. It is necessary to resort to a 
gohmmeter or an electronic device 
the high ranges and a Kelvin type 
ble bridge for the low ranges of 
istance. 

:istance Standards Characteristics 

Al Ince the Wheatstone bridge is es- 
tially a resistance comparison unit, 
accuracy depends largely upon the 
racteristics of the resistance stand- 
s used and the tolerances which 

p set up in the manufacture of the 
n ;dge. The important characteristics 
er 1 the resistance standards are' : (1) 
vrmanence; (2) definiteness; (3) 

all temperature coefficient of re-. 

nce ; (4) small load coefficient, and 
) small thermoelectromotive force 
terminals when carrying maximum 
rent. 

d 

ie 

rfa! Properties 

permanence requires that the re- 
rances have a constant value over 

;0:g periods of time. Definiteness 
wires that the value remain the 

hr¡; e under all ordinary conditions of 

íru 
The temperature coefficient of 

istance of a resistor depends largely 
the characteristics of the resistance 
terial but is slightly influenced by 

method of construction. Several 
istance alloys have zero tempera - 
e coefficients at some particular 
perature, but no material is known 
ich has a temperature coefficient of 
o over any appreciable range of 
1perature. Some of these alloys 

(1)- Copper -Nickel, known un- 
various trade names as Advance, 

,? pron, Copel, and Constantan, with 

be 
emperature coefficient of zero some - 

reo 

ere between 20° and 100° C and 

)a 
0 where in this range does it exceed 

I parts per million; and (2)-Cop- 
-Nickel-Manganese known to the 

are 

elf 

;t 

ie 

kr 
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Figure 2 

A portable Wheat- 
stone bridge, with 

ratio dial settings of 

.001, .01, .1, I, 10, 

100, 1000, as well as 

built in resistance 

standards of I, 10, 

100, and 1000 -ohm 

decades. 

( Courtesy 
Industrial 

Instruments, Inc.) 

trade as Magnanin with a temperature 
coefficient of zero somewhere between 
15° and 75° C., and nowhere in this 
range will it exceed 250 parts per mil- 
lion. It is slightly less stable at high 
temperatures than Constantan. Other 
alloys such as Nickel- Chromium and 
Nickel- Chromium -Iron known as 
Tophet, and Chromel or Cromin, are 
sometimes used where it is desired to 
obtain a resistance of high value in a 
small space. The temperature coef- 
ficient of these alloys is five to six 
times as high as the first two men- 
tioned and hence undesirable where 
precision work is required. The type 
of wire used for the resistance of prac- 
tically all precision Wheatstone bridges 
is either Magnanin or Constantan, 
with the majority being of the former. 

Tolerances 

The tolerances allowable for the 
resistors of the bridge vary with the 
magnitude of the resistors involved 
and depend to a large extent upon 
economic factors and accuracy re- 
quired. Greater tolerances are used 
for the low value resistances than for 

the higher values. The order of mag- 
nitude is approximately 0.1 per cent 
for .1 ohm resistors and .05 for all 

others in high precision bridges with 
ratio arm errors of 0.01 per cent. 
Portable bridges of good construction 
by reputable firms allow about two to 
five times the error permissible in the 
laboratory standards. 

Sensitivity 

The condition known as balancing 
occurs when the adjustment of the 
arms of the bridge is such that there 
is zero current through the galvano- 
meter. The accuracy with which the 
Wheatstone bridge can be balanced is 

dependent upon the characteristics of 
the galvanometer used, the magnitudes 
of the resistances and the applied elec- 
tromotive force or potential. Since the 
degree of precision of adjustment is 

greatest when the galvanometer is the 
largest for the smallest unit change in 
the variable arm of the bridge, the 
sensitivity is defined by the equation', 
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sensitivity is defined by the equation, 

a+9 
S=CRo aRo) i =0 

the derivative being evaluated at the 
balance point, and where C is the 
galvanometer deflection per unit cur- 
rent. 

R. is the variable arm of the bridge, 
and ig is the galvanometer current 
for any adjustment of the bridge with 
the internal resistance of the battery , 

R,, considered negligible. 
The current through the galvanometer 
is given by 

ig = 
(aRo- bx) E 

aRo(b+X)-f-bX(a-i-Re) 
+Rg(a+X) (b+R) 

(2) 

From this equation, since ig equals 
zero at balance, we may immediately 
obtain the condition. 

a R = bx 

or 

(3) 

a 
x= - R, 

b 

(4) 

For a bridge unit with a given bat- 
tery voltage and galvanometer, E and 
Rg are constant and subject to the 
condition given in 3, a, b and R. may 
be varied in any manner whatever to 
obtain a balance. Although this is 
mathematically correct, there are physi- 
cal limitations which must also be 
met. These are caused largely by the 
current carrying capacity of the re- 
sistors which definitely limits the 
allowable range over which the para- 
meters of the bridge may be changed. 
The current carrying capacity of 
resistors depends upon the construc- 
tion of the resistances and this may in 
turn depend upon the space require- 
ments of the unit as a whole. Most of 
the commercial bridges have accom- 
panying charts or tabulations which 
show what value the ratio arms should 
have to obtain a maximum of sensi- 
tivity and accuracy for any given 
range of resistance values, at the 
same time keeping power dissipation 
within safe limits. Using equation 2 
in 1, the sensitivity relationships be- 
come, 
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CE 
S = (5 

+1) + R.X-1- X) 
a 

+Re -+2 + 
a X 

which becomes a maximum as tr 
denominator approaches zero, subjes 
to the condition 3 and further the 

(6 
b +R0? R 

where R is the minimum safe vali 
of the sum of b and R0, irrespective 
whether or not the voltage, E, h- 

been lowered to a value such as i 

make any setting of resistance, a sa, 
regardless of possible values of 
Maximum of 5 requires that the equa 
sign in 6 be used and in addition, thel 
cannot be any variation of this vale 
from maximum with change in rn 

sistance a. Hence 

a[`a 
+R +Xl +R9(a l 

+2 +X/ =O 
8 I \ 

from which there is obtained. 

X 1 

1-Rg-+Rg==O 
as a 

Solving 8 for a, 

a=XJ Rg 

Rg + X 

using 3 and 6 with b + R. = R in 
we get 

(7) 

( 

RX 
Ro = a+X 
and 

aR 
b= 

a +X 
Inspection of 9 shows that if the I 

sistance of the galvanometer is lar 
compared to the resistance bei 
measured, the best arrangement of t 
bridge is for a = X and b = R.= R, 
When external galvanometers 
used so that a choice_ of Rg may 
made, the maximum sensitivity if 
may be obtained may be found by 11 

use of equation 5, taking into accot 
differences in the sensitivity of 1; 

galvanometer itself. The maxim 
deflection which is obtained from 
galvanometer is dependent upon 1 

maximum power which is supplied: 
it, and since maximum power trans- 
depends upon a matching of i 

( 

1 

Figure 3 

A typical impedance bridge, with 
Wheatstone bridge circuit. 

(Courtesy General Rad 
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...Throat Microphones 
Sounds transmitted through the throat present different problems in microphone design 

than sounds transmitted through the mouth. For better design, correlation had to be established 

between throat vibrations and sounds transmitted by the mouth. To do this, special throat microphones 

having constant acceleration characteristics were developed for use in conjunction with laboratory 

standard microphones and frequency analyzers. Experiments covered the frequency range of speech 

sounds and tests included a variety of callers to study the effect of the thickness of throat tissues. 

Shure Research has produced a throat microphone that has been declared definitely superior. It is the 

kind of research that assures you the superior microphones of tomorrow. 

SHURE BROTHERS, 225 W. Huron Street, Chicago 

Designers and Manufacturers of Microphones and Acoustic Devices 
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source and load impedances, we may 
deduce immediately that the resistance 
of the galvanometer should equal the 
parallel resistance of the bridge. This 
means, for example, if each of the 
arms of the bridge had equal resis- 
tances, the galvanometer should have 
the same value for greatest sensitivity. 
This is quite a general one and inde- 
pendent of other conditions or re- 
strictions. Another way of looking at 
the problem is to consider that the 
deflection of a galvanometer is pro- 
portional to the product of a constant 
and the square root of its resistance, 
or C = c,/Rg. If this is substituted 
into equation 5 and the partial deriva- 
tive of the deflection sensitivity with 
respect to the variation of galvan- 
ometer resistance is equated to zero, 

or as 
aRg 

we obtain 

(R.+ X) (a+b) 
Rg = (12) 

a-f-b-}-Ra+X 

or 

1 1 1 

-i (13) 
Rg a+b Ra+Xo 

which shows analytically that the 
galvanometer resistance should equal 
the equivalent parallel resistance of 
(a + b) and (R0 + X) . Hence, if 
available equipment will permit, it is 
desirable to use a low resistance 
galvanometer for low resistance mea- 
surements and one having a high re- 
sistance for high resistance measure- 
ments. It should be noted that if the 
positions of battery and galvanometer 
are interchanged in the circuit, a bal- 
ance will also be obtained. The sensi- 
tivity will be changed in accordance 
with the above considerations. A 
recognition of this may at times be 
helpful when a galvanometer which 
will give the best sensitivity for the 
measurement being made is not avail- 
able. Further, for a given set of 
resistances, the galvanometer should 
be connected between the junction of 
the two larger resistances and the 
junction of the two smaller resis- 
tances. In most practical applications 
where the resistance to be measured 
is neither very low nor very high, 
but may assume any value in between 
these, the galvanometer is connected 
between the junctions of the high and 
low values of resistances. This ef- 
fects a compromise with the require- 
ments for the greatest sensitivity, but 
permits a fairly wide range of meas- 
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Figure 4 

A resistance limit bridge, with a high speed 
Wheatstone bridge circuit. 

(Courtesy Industrial Instruments, Inc.) 

urements with only moderate loss of 
sensitivity. 

Protective Systems 

Shunts are placed on most well de- 
signed bridges to protect the sensitive 
mechanism of the galvanometer which, 
especially in the case of the needle 
indicator, is easily damaged. The 
bridge is also normally equipped with 
battery and galvanometer keys for 
further protection. It is necessary to 
operate the battery key first when 
measuring lines and reactive equip- 
ment as the transient surge of current 
which takes place upon application of 
the battery will not be balanced by 
the variable resistance arm of the 
bridge. A deflection off scale will 
readily take place even though the 
bridge is balanced perfectly for the 
steady state measurement. The mea- 
suring procedure to follow after the 
necessary connections have been made 
is as follows : operate the keys con- 
trolling the shunts so that the smallest 
amount of current will flow through 
the galvanometer with the application 
of the battery key, which is then fol- 
lowed by operation of ' the galvan- 
ometer key. The sensitivity is then 
gradually increased by operating the 
shunt keys as the balance condition is' 
more and more closely approached, 
until all shunts have been removed 
enabling a final and accurate balance 
to be made. In some cases where 
there are for:ign potentials or swing- 
ing faults, it may be found impossible 
to remove the shunts to ever get a 
balance which is table. Figure 5 
shows a simple shunt having a value 
equal to either a fraction or a multiple 

1944 

of the galvanometer resistance. TI 

current though the galvanometer f 

this type o shunt is 

Rg a a 
ie = i =i 

Rg R, 1-}-a 

where a is either an integer or fr 
tional number since the current 
vides inversely proportional to t. 

ratio of the two resistances. A goi 

many of the older types of galva 
ometers had various shunts provid 
with the bridges which had res 
tances of 1/9, 1/99, and 1/999 of t 
of the galvanometer. These values f 

a give the proportionality factor 
14 the values of 1 /10, 1 /100, a. 

1/1,000 so that the sensitivity of t 
galvanometer was reduced by the fa 

tor of 10, 100 and 1,000 by the use 
the shunts. 

c 

Universal Shunts 

This type of shunt was very incd 
venient however since it required 
use of special shunts for each g 
vanometer. A different type of shy 
was developed. It is known as t 
Ayrton and Mather Universal shun 
and is shown in Figure -. The ci 
rent through the galvanometer is 

ig = 
i a 

( 

n 1 + a 

which is one -nth of the current 
the former case. By making n eqt 
to 1, 10, 100, 1000, etc. the sensitiv, 
of the galvanometer may be cónv( 
iently reduced. Its sensitivity. is 
duced in the ratio of 1: 

a /(1 + a) or by 
a 1 

loo 1 =100 
1 + l + a 

1 

If a = n, this is 100 - per ce 
1 + n 

When n = 10, this is 9.1 per ce. 

while for n = 100 and greater, 
reduction is negligible. In order ti 
the current entering the combinat 
will remain unchanged,. the total 
sistance shunting the galvanom8 
must be equal to nRg. This mez 
that if the shunt resistance across 
galvanometer is made at least 
times the galvanometer resistance, 
reduction in galvanometer sensitiv, 
will be quite negligible. 

Connecting Lines and Equipment 

Communication systems utilize nu 
different sizes and types of wire 
connecting lines and equipme 
Among a few of the different met 
which are used for outside or of 

MEASUREME! 
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Pecision crystals are performing a mighty job under the most 

trying battle conditions. But only the crystals that are micro- 

scopically clean can operate indefinitely. That's what makes 

crystals giants. 

Crystal Products Company methods of exacting cleanliness 

in manufacturing procedures are unsurpassed. All crystal 

oscillators are guaranteed free from flaws, ghosts, inclusions 

- and are free from optical and electric twinning. 

PRODUCTS COMPANY 
1519 McGEE STREET KANSAS CITY 8, MISSOURI 

A'riekee./F-d eie9`'vs~fl recliNra CiGyazd 64, tW.,ri.i greree&Izo, (4000/66. -( 
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Figure 5 
A simple type shunt which may be used in a meter for pro- 

tection purposes. 

wire lines are : (1) -hard drawn cop- 
per; (2)- copper clad steel; (3)- 
copper weld, which is a copper -steel 
wire; (4)- galvanized iron; (5)- 
galvanized steel; (b)- copper alloy; 
(7) -zinc -steel ; (8)-bronze; and (9)- aluminum. The last named one 
is rarely used in the telephone plant, 
but is common in power circuits and 
therefore occasionally used in connec- 
tion with carrier systems for main- 
tenance of lines carrying high power. 
The copper -steel and copper weld con- 
ductors are becoming used more and 
more, and have about 30 to 40 per cent 
of the conductivity of pure annealed 
copper. Their use results in a con- 
siderable saving of copper. The iron 
and steel wires are particularly useful 
where some economies are to be ef- 
fected and where it is necessary to 
bridge long spans over rough terrain. 

Cables are made up of several dif- 
ferent arrangements of copper wire. 
Some of these are (1)- pairs;(2)- 
quads, or grouped pairs; (3)- spiral- 
four disc insulated ; (4)-single ; and 
(5)- single disc -insulated with con- 
centric copper sheath, or coaxial. 

Temperature Changes 

The resistance of all of these con- 
ductors varies with change in tern - 
perature, and further, each metal has 
a different variation at any given tem- 
perature. For pure metals such as 
those given above, the resistance in- 
creases for an increase in tempera- 
ture and decreases with a lowering of 
the temperature. The amount that the 
resistance increases per degree rise 
of temperature per ohm of the resis- 
tance at some standard temperature is 
known as the temperature coefficient 
of resistance. The standard tempera- 
ture basis for this purpose is zero de- 
grees on the centigrade scale, and the 
coefficient of resistance is the change 
in resistance which takes place when 

e 
A 

R9 
oaR9 

NVJWV 
aRg 

n 

aRg 
n 

Figure 6 

An Aryton and Mather universal shunt used on many precision 
bridges. 

changed one degree from zero degrees 
centigrade. 

Cross Sectional Area Properties 
The resistance of a wire changes in 

a manner directly proportional to its 
length and inversely proportional to 
its cross sectional area.' This is ex- 
pressed by the equation : 

1 

R = p - Ohms (16) 
d2 ' 

Where : 1 = length of wire in feet 
d = diameter of wire in mils 

and p is a constant known as the re- 
sistivity. It is expressed most com- 
monly in ohms per mil foot in the 
practical system of units and in ohms 
per centimeter in the CGS system. It 
is the resistance of the material hav- 
ing a cross sectional area of one cir- 
cular mil and a length of one foot. 
The resistivity is also defined as the 
reciprocal of the conductivity. 

The resistance of a conductor at any 
temperature is given by the sum of 

the resistance at zero temperature 
the resistance change which t; 
place in undergoing tempera 
variations, and may be expressed 

R = R. (1+cet) 
where : 

R. = the resistance at zero degree 
a = the coefficient of resistivity 

ohm per degree change in 1 

perature at the reference t 

perature. 
t = the temperature at which 

resistance is to be found. 

This equation gives us a means 
determining the resistance of a (' 

ductor at any temperature if i 
known definitely at some given i 

perature. Letting the resistance: 
temperatures t1 and t2 be R1 and 
respectivelyy and applying equation 
we may write 

R1 = R. (1 +a t,) 
R2= R. (1 +t2) 

(Continued on page 95) 
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Figure 7 

A capacitance 
bridge using 
Wheatstone br 

principle. 

( Courtesy 
General Rath, 
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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 Assembliés 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. 

. MANUFACTURING CORP. 
175 VARICK STREET NEW YORK, 14, N. Y. 

Sockets Terminal Strips Plugs Switches Plastic Fabrications Metal Stampings Assemblies 
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Figure I 

Basic circuit of the Stiles emergency receiver. 

WERS RECEIVER CONSIDERATION 
by WALTER J. STILES 

Chief Engineer, WEEI 

THE War Emergency Radio 
Service (WERS) was the out- 
growth of a pressing need, by 

civilian defense organizers, for a 
means of reliable communications in 
times of civilian disaster. The very 
nature of the need dictated that the 
medium provided for its fulfillment be 
capable of operation after the complete 
failure of all forms of telephone and 
electric power facilities. Originally the 
plan had as its technical nucleus the li- 
censed radio amateur and his extensive 
practical experience' with u -h -f com- 
munications, gained over a period of 
several years' operations in the 56- and 
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112-megacycle amateur bands. While 
many communities were fortunate, or 
far -sighted enough, to take immediate 
advantage of this availability of 
trained technical personnel, many 
others simply allowed this initial ad- 
vantage to dissipate itself through the 
gradual, but continual,- departure of 
the radio amateur for active duty with 
the armed forces. 

Therefore, we find today many, with 
but a meager knowledge of radio de- 
sign, construction and /or operation, 
assuming major roles in local WERS 
organizations. 

And the available average profes- 
sional engineer is not too capable, 
from a practical standpoint, of effici- 
ently assuming these responsibilities. 
For academic engineering concepts 
have proved and are proving grossly 

1944 

incapable of meeting the problem ; 

hand unless and until they are temi 
ered with a practical knowledge c 

the basic requirements and, partict 
larly, of the limitations of the opera' 
ing personnel available for such wort 

We also find a total lack of priorit 
assistance available for WERS opera 
tions. Therefore, equipment desi 
must be simple and a compromise b 
tween what would be ideal and wh- 
is on hand, either from the availabl 
pre -war amateur units, past WER 
purchases and /or discarded broadca. 
receivers. Generally speaking, onl 
tubes on the preferred list and con 
ponent parts of the so- called Victor 
series can be considered for anythin 
resembling new construction. 

A receiver with these essential fe; 
tures is shown on these pages. Th. 

EMERGENCY UH -F RECEIVER DESIG. 
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IT, TOO, HAS WEIGHT 

N any product, Quality is the first consideration. But 

beyond that - invisible yet highly important - is 

ervice. 

The Stewart Line gives you the assurance of outstand- 

ng Quality, both in material and fabrication. And, over 

nd above Quality, it gives you a Service that interprets 

nd meets your individual needs. 

Stewart Service is the friendly voice at the other end 

f your phone. It is the intelligent answer to your inquiry. 

t is the engineering experience that helps you to work 

ut your problems. It is the co- operation that gets fast 

ction when you are in a jam. Lastly, it is efficiency and 

promptness in shipping your orders. 

Stewart SERVICE -invisible, yet a thing of tremendous 

weight on the scales of business, particularly under War- 

- time stress -put it to the test! 

P STEWART STAMPING COMPANY 

fo 

IfI 
0111' 

We carry hundreds of 
items in stock to meet 
practically every instal- 
lation requirement. 

Odd shaped pieces 
stamped and formed 
from strip or wire on 
high speed machines. 

Our Tool Room is equip- 
ped to make dies for 
your special needs. 

HOT TINNING 
NICKEL, CADMIUM, 

SILVER AND 
ZINC PLATING, 

All pieces can be furnished 
in any desired finish. 

Send for samples and quota- 
tions. Let us have your blue 
prints and specifications. 
Quick Response to Inquiries. 

21 E. 216th Street New York 67. N. Y. 

SIE'(IMETANIPIN 

Bß ACNETS 
CLIP 

TERMINALS 
LUGS 
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Figures 2 (above) and 3 and 4 (right) 
In Figure 2 appears a method of increasing the gain of the 
audio amplifier. While the receiver normally uses a 6J5 as an 
input audio stage, by the addition of two I -watt resistors and 
a bypass condenser, a 6N7 may be substituted and an addi- 
tional stage of a -f realized. In Figures 3 and 4 appear the 
front and rear views of the completed u -h -f emergency receiver. 

unit has been in service for quite a 
while and proved effective. 
The Circuit 

Figure 1 shows the circuit arrange- 
ment employed in the basic unit. This 
unit consists of a high gain, high qual- 
ity audio amplifier, and a regulated 
power and filament supply sufficient 
to provide, in addition to the audio 
requirements, all power necessary for 
any reasonable forni of r -f circuit. 
Nothing has been included in the de- 
sign of this unit that does not con- 
tribute directly to the problem at hand. 
Resistance input coupling was found 
to have several advantages over the 
more conventional transformer coupl- 
ing, particularly when the unit is used 
with its a -c power supply. Originally 
a high quality, well -shielded coupling 
transformer was employed, which con- 
tributed an objectionable amount of 
a -c ripple to the output regardless of 
its orientation. The use of .1 -mfd 
interstage coupling condensers pro- 

duces a frequency response that is es- 
sentially flat down to 30 cycles, which 
is a most advantageous feature, inas- 
much as it may be necessary to use 
ICW during periods of difficult re- 
ception. Normally, few WERS trans- 
mitters are equipped for this type of 

Figure 5 

The r -f unit which 
super -regenerates with 
15 volts on the plate 
at a current of .15 ma. 
L, has three turns of 
No. 14 wire on a 1/2" 
diameter, 3/4" long 
tube; L., has four turns 
of No. 14 on a 1/2" di- 
ameter, I" long tube. 
RFC, can be a com- 
mercial unit or a 1/4" 
diameter form of No. 
28 dsc, 1/4" winding 
length. RFC., is an 80- 

mh choke. 

work, except by applying raw 60 cyr 
a -c to the audio input. Actually, it 
possible to copy an ICW signal mod 
ated at 60 cycles long before the c7 
tier signal strength reaches a po 
where it starts to knock the supt 

(Continued on page 92) 
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I'S WILCOX in Radio Communications 

I 

r reliable aircraft operations, dependable radio communi- 

ions are essential. Wilcox Aircraft Radio, Communication 

ceivers, Transmitting and Airline Radio Equipment have 

ed the major commercial airlines for many years, and now 

in use in military communications in all parts of the world. 

(ILCOX ELECTRIC COMPANY 
,unufacturers of Radio Equipment Fourteenth & Chestnut, Kansas City, Mo. 

av.>,¿cs áF.l 

Po 

: 

' 
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Figures I (below), 2, 3, and 4 (right; left to right) 

Figure I; etched wafer showing reflection of the light source 
from the etch pits on the surface of the good portion of 
the wafer. The shaded area bounded by the pencil line 
marked NG is electrically twinned. The portion at the right 
hand side of the wafer is marked off for cracks and other 
mechanical flaws. Figures 2, 3 and 4; infra -red views of 
twinned wafers. Note the random directions of the electrical 
twinning boundaries and the regular directions, and straight 

line boundaries, typical of the optical twinning. 

TO properly examine quartz wa- 
fers for twinning, it is necessary 
to etch the wafer by immersing 

it in a solvent which will dissolve 
quartz. The solvent most generally 
used in the past has been hydroflouric 
acid. Recently a safer and generally 

QUARTZL 
by SIDNEY X. SHORE 

Senior Engineer, Crystal Division, North American Philipe. 

Company, Inc. 

more desirable etching fluid has been 
utilized, consisting of a solution of 
ammonium -bifluoride which may be 
heated slightly. 

Quartz is not etched in the same 
manner as is glass. Glass is amorph- 
ous and the rate of solution of glass in 
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Figure 5 

Layout jig used to 
draw the outlines for 
dicing or trim saw- 

ing. One edge of the 
blank is parallel to 
the X -axis. Note the 
marked spot on the 
lower right hand side 

which locates a crack 
to be avoided in 

layout. 

ü 

al 

ammonium -bifluoride is uniform in 
directions. The rate of solution 
quartz varies for various directio 
Etching a quartz wafer results in 
myriad of small facets which are cal 
etch pits. These facets conform to 
atomic structure of quartz and 
normal untwinned quartz lie in 
same general direction. If a qua 
wafer is electrically twinned the tilt 
the surfaces of the etch pits, with 
spect to the major surfaces of the vi 

fer for the twinned portion, will 
quite different from the tilt for the 
twinned section. Therefore, a lip 
beam striking the quartz wafer will' 
reflected at different angles by 
etch pits of the different portions 
the twinned wafer. This fact is g+ 

erally utilized in determining wh 

This is the fourth of a series of arti 
covering a detailed analysis of crys 
manufacture. In a subsequent pa 
Mr. Shore will discuss finishing 
testing. 

c 
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102 

orci 

APPING AND FINISHING 
Discussion of How Sawed Wafers Are Etched, 

aid Out, Diced, 
upped, Channel 

tion of the twinned wafer is the 
able portion. 
,n examination of Figure 7 which 
strates how twinning in a mother 
.rtz crystal may result in the cut- 

of so called miscuts, will show 
V the inversion of polarity of the 

Angles are Double Checked, 
Checked and Hand Finished 

X -axis affects the location of the 
major rhomb face. 

The etch pits of the optically 
twinned portion of a wafer have the 
same general direction as the etch pits 
in the rest of the wafer, except that 
the pits are slightly rotated with ref- 

Figure 6 

A simple exciter- resonator circuit used to 
measure the thickness- frequency constant of 
a rough -cut blank. The frequency in kc 

multiplied by the thickness in inches of the 
BT- oscillator plate equals 99 to IOU. 
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G -E TELEVISION RELAY ANTENNA. This 
relay type of television antenna, developed 
exclusively by G.E., is in use at General Elec- 
tric's television "workshop" station WRGB at 
Schenectady. It has had a remarkable record 
of reliable performance since its installation. 

This antenna is completely enclosed and 
contains four horizontal bays. It is highly 
directional and is especially designed to per- 
mit the wide band operation which is so nec- 
essary to successful television transmitting. 
This G -E antenna is so efficient that no relay 
link should be built without it! 

eats to date 
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G -E S -T FM RELAY ANTENNA. A multiple - 
dipole antenna easily mounted on a single pole. 
Its housings (appearing as dipole tubes in the 
photograph) are completely sealed and pressur- 
ized to keep out moisture. One bank of enclosed 
dipoles is the antenna while the other acts as a 
reflector, and permits extremely sharp -focus direc- 
tional beaming in a powerful, narrow, horizontal 
pattern. This gives a power gain of 10 at studio 
transmitter and, if also used at the receiver, pro- 
vides an additional and second power gain of 10. 

AM, FM, and TELEVISION 
AMONG the important recent G -E contribu- 
tions to broadcasting, broadcast and relay an- 
tennas are especially outstanding. Illustrated 
are four types of G -E antennas, for four dis- 
tinct uses. All four are proving their high effi- 
ciency in present broadcast use ... all four are 
unique in their performance ... all four are 
rugged in construction and easy to install. G -E 
can supply all these types of antenna with the 
station equipment. 

The operating characteristics of these an- 
tennas enable the broadcaster to put out more 
radio frequency power, and to radiate that in- 
creased power with more effective coverage. 
G -E antennas, properly co- ordinated with their 
transmitters, give greatly improved perform- 
ance ... profitably ... by more efficient and 
economical distribution or radiation over 
broader areas. 

G -E electronic engineers can provide the 
antenna best suited to your needs whether AM, 
FM or TELEVISION, or, indeed, can help you 
equip your station with any equipment you may 
need from microphone to antenna. 

A PLAN THAT WILL SECURE YOUR PLACE IN 
RADIO BROADCASTING POST -WAR 

General Electric offers you "The G -E Equipment Reservation 
Plan ". . . a plan designed to enable you to complete your 
post -war plans now. 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 large -scale post -war pro- 
duction, thereby giving you the fastest possible post -war delivery 
and the savings of planned production. Investigate this plan 
today and assure your place in radio broadcasting post-war. 
Electronics Department, General Electric, Schenectady, N. Y. 

Tune in General Electric's "The World Today" every 
evening except Sunday at 6:45 E.W.T. over CBS. Sunday 
evenings listen to G -E "All Girl Orchestra" at 10 E.W.T., NBC. 

BACK THE ATTACK - BUY WAR BONDS t 

Complete Station Equipment Studio Equipment Transmitters Antennas Electronic Tubes Receivers 

GENERAL ELECTRIC TELEVISION AM 
. &EEi ag 7Y ; 
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Optical Twinning (Shaded Areas) 

erence to an axis perpendicular to the 
surfaces of the wafer. This rotation 
exists because the optical twinned por- 
tion is reversed in handedness from 
the good portion of the wafer. 

If a wafer shows patches of elec- 
trical twinning, these areas must be 
avoided in laying out the crystal blank. 
Laying out a blank in the electrically 
twinned portion will result in a miscut 
which will have a frequency- thickness 
constant of approximately 70 -72. The 
frequency- thickness constant for nor- 
mal BT blanks will be 99 -100. Good 
BT -cut blanks may generally be laid 
out from the optically twinned por- 
tion of the wafer, but it must be re- 
membered that a good blank should 
contain no twinning of either variety 

Normally 
Minor Rhomb 
Di rection 

Major Rhomb 

BT-Wafer 

Z-Axis 

X-Axis 

BT-Wafer 
ss.projecfed 

A twinned portion has reversed X -axis 
polarities and may result in markedly 
lower than normal activity, of the fin- 
ished oscillator blank. 

When the twinning and the mechan- 
ical flaws are located in a wafer they 

CRYSTAL TEST 
OSCILLATOR 

CALIBRATED 
VARIABLE FREQ. 
EC OSCILLATOR 

MIXER 
AND 

AF AMP. 

( a) 

CRYSTAL 
TEST OSC. 

STANDARD 
CRYSTAL OSC. 

MIXER 
AND 

BEAT FREQ / AMPLIFIER 

BEAT 

FREQ 

COUNTER 
CIRCUIT AND 

DIRECT READING 
FREQ. METER 

(b) 

AMPLIFIED 
BEAT FREQ. 

INPUT 

CALIBRATED 
To READ FREQ. 

REGULATED 

POWER 

SUPPLY 

(c) 
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Figures 7 (center), 8 (left) and 9 

Figure 7; schematic diagram of electrically 
twinned quartz (lined areas) and a BT -wafer 
sawed from the mother. Note that the re- 
versal of polarity of the X -axes results in the 
displacement of the major rhomb of the 
twinned portion, which is 180° rotated about 
the Z -axis. Figure 8; projection of a wafer 
of optically twinned quartz, cut at the BT. 
angle. Note that either portion of the wafer 
may be used for BT- oscillator plates. How- 
ever, the oscillator plate must not contain 
the twinning boundary. Figure 9: represen- 
tative oscillator plates with electrical and 
optical twinning boundaries contained within 
the plates. Note that in each case the 
polarity of the X -axis indicated (on com- 
pression) is reversed in each half containing 
twinning. However, both parts of the elec- 
trically twinned blank have the same handed- 
ness, whereas the handedness is different for 
each side of the optically twinned blank. 
Neither blank will make a satisfactory oscil- 

lator plate. 

are painted out with some opaque col- 
oring to indicate that a blank should 
not be laid out to include any of these 
areas. 

In order to insure uniformity of 

r 

NODAL PLANE' 

NODAL PLANES 
(6) 

c 

Figures 10 (left) and I I (top) 

Figure 10; at (a) and (b), block diagrams 
of simple frequency measuring or channel 
checking devices. Schematic of a funda- 
mental counter or frequency measuring cir- 
cuit is shown at (c). This type of device in 
more elaborate form is typical in almost 
all frequency comparators and frequency 
recorders used in crystal manufacture. In 
Figure I I, we represent the forces acting 
within a quartz oscillator plate vibrating in 
a fundamental thickness -shear mode, a funda- 
mental flexure mode and a second- harmonic 
flexure mode. Note that the even harmonic 
of the flexure mode is driven by similar 
forces as the fundamental thickness -shear 
mode, indicating the tendency for the vibra- 

tion in these modes to be coupled. 
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if ore/co Searchray 
Saves Manufacturing Trouble 

Above is a photograph of a 
vacuum tube as the inspector's 
eye -- and the camera - see 
it. A certain defect in manu- 
facture is hidden to the eye. 
But Searchray, the new self - 
contained X -ray unit, shown in 
center, can spot it. See illus- 
tration at right. 

If you manufacture lamps, tubes, electrical parts, rubber, 
ceramics, light alloys or plastics -NORELCO Searchray 
can pay for itself many times over by acting as an X -ray 
inspection tool at every step of manufacture or assembly. 

Shockproof, rayproof, foolproof and readily mobile, 
Searchray, the self- contained X -ray unit, is so simply 
devised that anyone can operate it safely. It examines 
objects both fluoroscopically and radiographically; it is as 
useful in the laboratory as on the assembly or production line. 

The Searchray Model 80, illustrated above, is an 80 
KvP, 5MA unit which operates on 110 volt A.C. simply 
by plugging into an outlet. Another Searchray - Model 
150, likewise a self- contained, rayproof, shockproof, X -ray 
unit for fluoroscopic and radiographic examination, permits 
use of any kilovoltage up to 150 KvP, 10MA. It operates 
on'220 volts A.C. 

ore/co ELECTRONIC PRODUCTS 

Same tube as seen radio- 
graphically by Searchray. 
Note defect. The filament is 

too close to the grid, which 
will cause the tube to heat up. 
Searchray saves time, money 
and labor by checking prod- 
ucts before assembly. 

Searchray }nay be of help in your product inspection 
problems. W rite today to North American Philips. Let us tell 
you more about Searchray -and other NORELCO products. 

For our Armed Forces we make Quartz Oscillator Plates; 
Amplifier, Transmitting, Rectifier and Cathode Ray Tubes 
for land, sea and air -borne communications equipment. 

For our war industries we make Searchray (X -ray) 
apparatus for industrial and research applications; X -ray 
Diffraction Apparatus; Electronic Temperature Indicators; 
Direct Reading Frequency Meters; Tungsten and Molyb- 
denum in powder, rod, wire and sheet form; Tungsten 
Alloys; Fine wire of practically all drawable metals and 
alloys: bare, plated and enameled; Diamond Dies; High 
Frequency Heating Equipment. 

And for Victory we say: Buy More War Bonds. 

NORTH AMERICAN PHILIPS COMPANY, INC., 100 EAST 42ND STREET NEW YORK 17, N. Y. 

Factories in Dobbs Ferry, N. Y.; Mount Vernon, New York (Philips Metalix Corporation); Lewiston, Maine (Elmer Division) 

Represented in Canada by Electrical Trading Company, Ltd., Sun Life Building, Montreal, Canada 
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manufacturing technique and results, 
crystal blanks are laid out from the 
wafer so that one edge of the blank is 
always parallel to the X -axis lying in 
the plane of the wafer. .A simple stau- 
roscope is used to determine and mark 
the X -axis direction on each wafer. 
The blanks are then laid out accord- 
ingly. The laid out blanks are diced 
or trim sawed utilizing a small dia- 
mond wheel similar to the type used in 
cutting wafers. There are many tech- 
niques of dicing and a fairly rapid 
procedure is illustrated by the photo- 
graph of a simple trim saw. 

Every trim sawed blank, commonly 
referred to as a rough cut must be 
checked on the x -ray machine for the 
conformance of its ZZ'- and XX'- 

Figure 12 

Typical contour patterns of the surface of crystal oscillator plates 
finished by hand lapping. Optical flats are the large circles. Crystal 
is the square within the large circle. Visible patterns are put in, in ink, 
A representative pattern for slightly convex crystal oscillator plate, a 

desirable shape, is shown at (a). In (b) pattern shows a high corner 
indicated by the displaced center of contour lines. Pressure at that 
spot causes rings to diverge, hence a convexity. In (c) we see howp 
localized finger pressure at center caused an irregular concavity to be 
ground. Pressure at center causes rings to converge towards point ofd 
pressure, hence a concavity. In (d) a highly convex crystal indicatedi 
by large number of concentric contour lines diverging when pressure 
is applied at center. At (e), crystal showing a convex center with . 

four concavities at the edges where the index and middle fingers'. 
exerted too much pressure while grinding. Pressure a+ center causes 
rings to diverge, and pressure at the middle of each edge causes the 
contour lines to move towards the pressure point. In (f), parallel -line 
contour pattern often means that a speck of dust or lint has been 
dropped under one of the edges. The small dihedral angle formed 

by crystal and flat results in the parallel line pattern. 

angles with specifications. Experi- 
mental results of the effect of varia- 
tions in these angles will be further 
illustrated in the discussion on the 
temperature cycle test. 

iuiscnts should not be laid out from 
the wafer, but errors may be detected 
rapidly and simply by the use of an 
exciter- resonator circuit. As a mis- 
cut checker, the oscillator may be cali- 
brated in terms of thickness of the 
BT blank, rather than frequency. Mis- 
cuts may then be detected by an in- 
correct oscillator tuning position for 
the thickness of the blank. Rough cuts 
are generally trimmed from .025" to 
.075" over size. This enables us to 
accurately square and dimension the 

(Continued on page 79) 
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Figures 13 (top) and 14 (left) 
Figure 13; typical flat- and button -type 
air gap electrodes utilizing corner clamping 
of oscillator plate. It is desirable to have 
the four corners lying in the same plane 
within several fringes of light, this plane to 
be parallel to the plane of the flat surfaces 
within .0001 ". At (a), button -type elec- trode; (b), flat -type electrode; c, assembled 
BT- oscillator plate, showing air gaps be- tween crystal and electrodes. Figure 14; trim saw machine, using a high -speed ball - bearing motor with a 3" diamond saw. The table on which the wafer rests is fastened to a lever with a pivot below the motor. The table is simply pushed forward, tilting the wafer against the cutting edge 

of the diamond wheel. 
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GUINátAN 

,.._yS1.KTi.!St. 

Typical in precision measuring of R. F. Inductors to rigid war production tolerances, the "Dynamic 

InSpPCtiOn Analyter" is representative of the ingenuity of Guthman "INDUCTRONIC" research. Em- 

ploying a highly stabilized circuit of our own design this 24- frequency inspection device, used in the 

manufacture of an Ant. R. F. and Osc. assembly, can analyze the individual coils for band coverage, 

inductance, and Q. at their operating frequencies. Uniformity of electrical char - 

acteristics in the manufacture of Guthman super- improved coils makes... 

S' 

;_-1-- ,..-- 

* CopvrtRM. Edwin I. Guthman 4 Co.. Inc 19-; 

1S SOUTH THROOP STREETCHICAGO 
RE;:SION MANUFACTURERS AND ENGINEERS OF RADIO AND ELECTRICAL EQUIPMENT 
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The Rochester Fall Meeting 26 
Training Draftsmen with Slide -Films 

L. S. Metcalfe 35 

NOVEMBER 

A Report on the Rochester Fall Meet- 
ing Lewis Winner 20 
Demountable and Sealed -off Tubes 
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Ceramic Dielectrics (Gray) 23 
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Valcuum Capacitors (Floyd) 24 
28 -Volt Tubes (Jones) 27 
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Care and Maintenance of Test Equip- 
ment H. H. Dawes 97 
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Filter Design by the Circle Design 
Method (Part II) ..Paul J. Selgin 58 
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56 COMMUNICATIONS FOR JANUARY 1944 

Carrier Current Transmission ; Perry 
E. Wightman and Henry H. Lyon 
(Part 1) Aug. 13r; 

Carrier Current Transmission, Im- 
pedance Measurements ( Part 11) ; 

Perry E. Wightman and Henry H. 
Lyon Sept. 32' 

Coaxial Cable, Expansion of ; Dr. 
Victor J. Andrew Nov. 28 

Calculus, Operational Methods ; I. 
Queen Feb. 37 

Calibration, of Aircraft Compass ; 

Charles W. McKee Mar 9 
Calibration, of Aircraft Systems ; 

Charles W. McKee Apr. 46 
Compass Calibration, Aircraft ; Char- 

les W. McKee Mar 9 
Capacitors, Vacuum (Floyd ; See 

Rochester Meeting Report) Nov. 24k 
Capacity, Distributed, of a Coil ; 

Robert C. Paine Sept. 60 
Circle Design Method for Filter De- 

sign ( Part 2) ; Paul J. Selgin. Nov. 58 
Circle Diagram of Wave Filters, 

( Part 1) ; Paul J. Selgin Oct. 20 I 

Circuit, Phase -Control ; S. R. Gold- 
wasser Nov. 78 

Circular Wave - Guide, Nomogram ; 

Frederick C. Everett Sept. 86 
Communications, Aircraft, Navigation 

Aids ; Ralph G. Peters June 501 
Communications, Pack Equipment, for 

Fire Fighting ; Art. H. Meyerson 
Jan. 14 

Communications, Surface Line Mobile, 
Maintenance of ; Donald . Phillips 

July 46 
Communications, System, of Army 

Airways ; Lt. Walter W. Fawcett, 
Jr. Nov. 38 

Communication System for Divers ; 
Daniel W. Gellerup Aug. 60 

Communications, British E x h i b it 
Dec. 33 

Communications, Utility ; J. J. Murphy. 
May 73 

Communications Review (Espencheid; 
See IRE Winter Report) Jan. 46 

Compensating Audio Amplifier ; W. 
L. Widlar Aug. 28 

Complex Variable, The, (Part I) ; 
Sidney Frankel Sept. 62 

Complex Variable, The, (Part II) ; 
Sidney Frankel Oct. 50 

Conference, SMPE, At the Oct. 48 
Conference, War, Report on the 

NAB ; Lewis Winner May 18 
Convention, IRE Winter, Report on; Lewis Winner Feb. 15 
Control Systems in Aircraft Com- munications ; Charles W. McKee 

Console, Wartime Master Control ; 

52 

James A. Ebel and Kenneth Guge 

Contours, U -H -F 
Sept. 42 

Circuit ; Dr. Car- leton D. Haigis Feb. 17 Cores, Iron, Study of ; S. Young White June 42 Coupling Circuits, Transients, (Part 
1) ; George B. Hoadley and William A. Lynch June 32 Coupling Circuits, Transients, ( Part 2) ; George B. Hoadley and Wil- liam A. Lynch July 22 Crystals, Quartz (Types, Modes of Vibration, Methods of Manufactur- 
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History of Communications Number Une of a Seripr 

A FORERUNNER OF MODERN COMMUNICATIONS 

One of the first known channels of message carrying was by runner, and 
annals of Grecian and Phoenician history describe the nimble lads who 
firmly grasped rolls of parchment and sped hither and yon. Clad in typi- 
cal running gear of the period, they covered amazing distances with 
almost incredible speed. That was the forerunner of today's modern corn - 
munications where scientific electronic devices are "getting the message 
through" on every war front. Universal Microphone Co. is proud of the 
part it plays in manufacturing microphones and voice communication 
components for all arms of the United States Armed Forces, and for the 
United Nations as well. Other drawings in the series will portray the 
development of communications down through civilization and the ages 
to the modern era of applied electronics. 

< Model 1700 -UB, illustrated at left, is but one 
of several military type microphones now avail- 
able to priority users through local radio jobbers. 

UNIVERSAL MICROPHONE CO., LTD. 
INGLEWOOD, CALIFORNIA 

FOREIGN DIVISION: 301 CLAY STREET, SAN FRANCISCO 11, CALIFORNIA CANADIAN DIVISION: 560 KING STREET WEST, TORONTO 1, ONTARIO, CANADA 
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NEWS BRIEFS AF THE MONTH rn 
MICA ALLOCATIONS REVISED 
Allocations of good stained and better 
quality mica for capacitor manufacture 
for the year 1944 have been revised down-. 
ward to 85% of the average consump- 
tion during the first nine months of 1943. 
Mica requirements over the 85% allow- 
ance must be obtained from lower quali- 
ties, WPB officials have pointed out. 

The supply situation has become pro- 
gressively worse in the past few months, 
according to WPB. They pointed out 
that the situation may deteriorate still 
further and in that event, allocations may 
be out to even less than 85% of the base 
period set. Government stockpile receipts 
during the last quarter of 1943 showed a 
decided decrease as compared with the 
first three quarters. 

* * * 

W. R. DAVID NOW G. E. BROADCAST 
EQUIPMENT SALES MANAGER 
W. R. David has been named sales man- 
ager of broadcast equipment for the G. E. 
transmitter division, according to Paul L. 
Chamberlain, manager of sales for the 
division. 

In this capacity, Mr. David will be 
responsible for the sales of both a -m 
and f -m broadcast equipment, with head- 
quarters at Schenectady. 

* * * 
JAMES J. BACKER APPOINTED 
ANDREW PACIFIC COAST REP. 
James J. Backer has been appointed 
Seattle representative for the Andrew 
Company, Chicago. 

* * * 

PERMOFLUX HOLDS WAR 
PRODUCTION MERIT BANQUET 
The fourth annual banquet of Permoflux 
Corporation, 4916 -22 West Grand Ave- 
nue, Chicago 39, Illinois, was held re- 
cently. 

The invitations were issued in the form 
of an Award of Merit for distinguished 
co-operation with the Permoflux war pro- 
duction campaign. 

* * * 
DUNLAP AND HEATH IN NEW 
RCA AND NBC POSTS 
Orrin E. Dunlap, Jr., manager of the 
RCA department of information, has been 
appointed director of advertising and pub- 
licity for RCA. 

Mr. Dunlap succeeds Horton H. 
Heath, who has accepted a position with 
the National Broadcasting Company as 
assistant to Frank E. Mullen, vice presi- 
dent and general manager. 

Orrin Dunlap, Jr. Horton Heath 

LAMINATORS TEST PROGRAM 
UNDER WAY AT JOHNS HOPKINS 
A test program, organized and financed 
by members of the laminated plastics in- 
dustry, to record properties of laminated 
materials, standardize specifications and 
determine best nase applications, has been 
given further impetus in a research -test 
center at Johns Hopkins University, 
Baltimore, as a wartime development 
which is conceivably projected for pos- 
sible permanent establishment. 

Members of the industry who have or- 
ganized and financed the program, offi- 
cially known as the Johns Hopkins Lami- 
nators Testing Program, include Conti- 
nental- Diamond Fibre Company, Formica 
Insulation Company, General Electric 
Company, Mica Insulator Company, Na- 
tional Vulcanized Fibre Company, Pan - 
elyte Corporation, Richardson Company, 
Spaulding Fibre Company, Synthane Cor- 
poration, Taylor Fibre Company and 
Westinghouse Electric & Manufacturing 
Company. 

George H. Clark, vice -president and 
chief engineer of the Formica Insulation 
Company, Cincinnati, a member of the 
Plastics Industry Committee on Lami- 
nates and of NEMA's Laminated Sec- 
tion, who had been entrusted with the 
responsibility to keep the industry in- 
formed on developments served as a 
"one -man clearing house" for the industry 
for digesting the early information ob- 
tained. 

Dr. Ralph K. Witt of Johns Hopkins 
is in charge of the test program. 

* * * 

AMERICAN NETWORK APPOINTS 
LEWIS EXECUTIVE V -P 
William B. Lewis has been appointed 
executive vice president and general man- 
ager of The American Network, Inc. 
The appointment will take effect on or 
about April 1, 1944, after completion of 
the nation -wide program study he is mak- 
ing for William S. Paley and the Colum- 
bia Broadcasting System. 

John Shepard 3rd was reelected presi- 
dent ; Walter J. Damm, vice president, 
and Robert Ide, secretary- treasurer. 

* * * 

DR. SALINGER RETURNS TO 
FARNSWORTH 
Dr. H. Salinger, mathematical physicist, 
has returned to active duty in the Farns- 
worth Research Laboratories after a 
year's leave of absence, during which 
time he conducted specialized instruc- 
tional work in physics and mathematics 
at various institutions in Indiana. 

Dr. Francois C. Henroteau, who was 
chief of astro- physics division at the 
Dominion Observatory in Ottawa, Can- 
ada, over a period of 14 years, will join 
Dr. Salinger on the research staff. 

* * * 

CLARK COMPANY COMPLETES 
NEW PLANT 
The Robert H. Clark Company has an- 
nounced the completion of a new plant 
at 9330 Santa Monica Boulevard, Beverly 
Hills, California. 
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VANNEVAR BUSH WINS 
EDISON MEDAL 
Vannevar Bush, president of the Carnegie; 
Institution of Washington, and Director 
of the Office of Scientific Research and 
Development, of the Office of Emergency 
Management, Washington, D. C., has been 
awarded the 1943 Edison Medal of the 
American Institute of Electrical Engi -. 
neers. 

The award goes to Doctor Bush "forts 
his contribution to the advancement 
of electrical engineering, particularly.; 
through the development of new appli4 
cations of mathematics to engineering, 
problems, and for his eminent service to. 
the Nation in guiding the war research 
program." 

* * * 

ASA LIST OF STANDARDS 
A new list of standards with more than 
600 standards listed, has been released 
by the American Standards Association. 
The standards cover specifications for 
materials, methods of tests, dimensions, 

of technical terms, procedures 
etc. 

One important phase of the work built 
up during the 25 years that the ASA has 
been in existence, is in the field of safety 
engineering. The new list includes 95 
safety standards. 

American Standards are constantly re- 
vised to keep up with the advances in in- 
dustrial methods. This list represents the 
cumulative work of the past 25 years in 
practically every field. 

* * * 
PLATINUM METAL USE 
EXTENDED IN 1943 
Platinum metals, including palladium andl 
ruthenium received extensive use in 1943, 
according to Charles Engelhard, presi- 
dent of Baker & Co., Inc. 

* * * 

W. P. SAUNDERS NOW 
SIGNAL CORPS MAJOR 
It's now Major W. P. Saunders, on duty 
in the Office of the Chief Signal Officer. 

In October of 1941, Major Saunders 
assumed duties with the Radio Unit of the Durable Goods Section of OPA, 
where he assisted Maurice Despres in the administration of radio prices. He 
was active in the formulation of the OPA. 

(Continua on page 64) 
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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 500 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. 

\ 
\ 

"lead thru" construction. 

Type 830 
Cup style assembled to 

a threaded brass 
mounting stud. 

Type 830 
with extra long terminal. 

Type 891 

PRODUCERS OF VARIABLE RESISTORS SELECTOR SWITCHES CERAMIC CAPACITORS, FIXED AND VARIABLE STEATITE INSULATORS 
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THE INDUSTRY OFFERS 
CLAROSTAT MIDGET WIRE -WOUND 
CONTROLS 
A small wire -wound control, 1/" in diameter by 9/16 ", type 43, has been announced by Clarostat Mfg. Co., Inc., 285 -7 N. 6th St., Brooklyn, N. Y. 

A bakelite body is completely enclosed 
by a dust -tight metal cap, or by an at- tached switch. The control virtually matches in both size and general ap- pearance type 37 or midget composi- 
tion- element control. The wire winding is curved and held in a concentric slot in a molded bakelite body. The alloy contact arm presses against the inside surface of the winding. The control is supplied with or without switch ; in resist- ance values up to 10,000 ohms ; linear tapers only; rated at 1% watts. 

TINY FLUORESCENT LAMP 
A miniature fluorescent lamp that is said to give off more light than a quarter - watt neon glow lamp, and consumes but 
1 /10 watt, has been developed by West- inghouse engineers. 

Energy can be supplied by dry bat- 
teries. If available after the war for household use, the lamp could burn con- stantly for six months (to mark a stair - step or keyhole) for about a penny's 
worth of electricity. 

The lamp contains two spiral electrodes 
in a gaseous atmosphere. A discharge 
takes place when about 100 volts a -c or 
140 volts d-c is applied across the elec- 
trodes. This creates an ultraviolet radi- 
ation that is retransformed (at high effi- 
ciency) into a green light -accomplished 
by the phosphor coating on the interior 
of the bulb. Other colors are possible 
but green phosphors convert black light 
to visible light most efficiently. A tiny 
resistor in the lamp base stabilizes cur- 
rent flow after discharge begins. 

* * * 

WESTINGHOUSE GLASS JEWELS 
Glass jewels, substitutes for sapphires, 
are now being turned out by automatic 
machines at the rate of $,500 per day at 
Westinghouse. One girl can tend two 
machines that is said to produce almost 
no poor jewels. 

CML PRODUCTION PLUGS 
Production plugs developed for use with the Rotobridge in testing electronic equip- ment, are now available for general use by manufacturers. CML production plugs made by Communication Measurements. Laboratory, 116 Greenwich Street, New York, are 5" long and 1%" in diameter, so that the handle will project above the average i -f transformer, condenser, mak- ing it readily accessible. Plugs are made with a heavy steel barrel and are filled with a wooden handle to permit ready removal from socket. All pins are case hardened steel. 
In both the octal and loktal plugs, cen- ter key extends through in form of a threaded rod to permit cable to be fas- tened firmly in position without strain on pin connections. A flat head ma- chine screw serves same purpose in the other plugs. In addition to the octal and loktal types, these plugs are available in 

4, 5, 6 and 7 pin models, small and medium. 

RCA MULTIPLIER PHOTOTUBE, 1P21 
A 9 -stage multiplier phototube, 1P21, has 
been announced by RCA. 

The 1P21 is similar to the recent 
931 -A, but features a sensitivity almost three times as great. Because of this sensitivity, the 1P21 is intended only for 
those special applications in which ex- 
tremely low light levels are involved, 
such as may be encountered in astronomi- 
cal measurements or in various kinds of scientific. research. For the more usual applications which do not require so 
much amplification, the 931 -A is recom- 
mended. 

The 1P21 is small in size, is said to have low noise level, extremely low dark current, and freedom from distortion. 

* * * 

HIP TOOL KIT 
A hip tool kit, replacing apron tool hold- 
ers, has been announced by E. F. Hillegas 
Company, 516 Allen Avenue, Box 289, 
Glendale, California. 

The kit case is made from soft chrome 
elk tanned cowhide. The kit case fea- 
tures one large pocket for drives, cut- ters, pliers, chisels; two medium pockets 
for knives, markers, rules ; one long 
pocket for the large screw driver; one 
small pocket for punches, sets, drills, 
scribes ; and one loop holder for hammer 
or large cutter. 

60 COMMUNICATIONS FOR JANUARY 1944 

INDUSTRIAL SPECIALTY 
HI- VOLTAGE CAPACITOR 
A .02 -mfd, 250,000 -volt capacitor has bee, 
developed by Industrial Specialty Conî 
pany, 1725 West North Avenue, Chicag` 
22, Illinois. It consists of liquid imprel 
nated capacitors housed in a wet prote: 
porcelain tube and filled with a liqui 
dielectric. The end caps are of the West;, 
inghouse solder seal type which act bot 
as a mounting arrangement and terminal: 

This unit is said to have been bui]' 
for total salt water submersion. Voltage 
ratings range from 7,500 volts to 250,00 
volts in single units, and can be connecte;; 
in series for operation up to several milt 
lion volts. 

D -C RECORDING VACUUM VOLTMETER 
A d -c recording vacuum tube voltmeter 
has been produced by Sound Apparatus 
Company, 150 West 46th Street, New 
York 19, N. Y. 

Its sensitivity is said to be 1 -volt full 
scale, ±% -volt center scale. Input im- 
pedance is said to be very high, that of 
a negatively based grid. Recording chart is 2" width, wax coated. Recording 
speed is approximately 1 volt in .3 second. Paper speed is 1 mm per second. Size, 
8" X 10" X 12" ; weight, 16 pounds ; for 
115 volts 60 cycles, 60 watts. 

The d -c recorder is physically similar to the PS recorder. The device can be supplied for operation off a 6 -volt bat- tery and with different width charts, pa- pers speeds, etc. 
* * * 

WESTINGHOUSE FOUR -IN -ONE DYNAMOTOR 
A dynamotor providing four voltages has been produced by Westinghouse. The machine requires four separate commu- tators. Ordinarily, output voltage of a dynamotor bears a fixed relation to the supply voltages. In this case, however, all output voltages are held constant for all normal input -voltage variations. This is accomplished by means of a regulator field which weakens when the input volt- age rises and strengthens when the volt- age drops ; the regulator utilizes a sepa- rate core. 

The complete armature has four corn- 
(Continued on page 72) 

www.americanradiohistory.com

www.americanradiohistory.com


The Shape 
of Things to Comt... 

American Airlines tangent airport plan for Neu, York City from "Airports and Air 
Traffic ControF' by Glen A. Gilbert, Chief Air Traffic Control Division, CAA. 

In air transportation especially, the pattern of 
the future will not be the pattern of the past. No 
other field holds the prospect of greater advance- 
ment nor offers fuller opportunity for sound 
development. 

In things which have made air travel safe and 
efficient - radio range beacons, markers, com- 
munication transmitters and receivers, airport 
traffic controls -RADIO RECEPTOR, as a pio- 
neer, has contributed its full share of develop - 
ment, and will continue to lead in design and 
manufacture. 

To "the shape of things to come" in aeronautical 
radio. RADIO RECEPTOR will bring more than 
20 years of practical experience. These have 
been years of successful accomplishment in pre- 
war aviation radio equipment plus outstanding 
developments born of the present conflict. 

For Meritorious Service 
on the Production Front 

Our nontechnical booklet, "HIGHWAYS OF THE AIR," 
explains the importance of radio to aviation. It will be 

sent to you upon request. Address Desk C -1. 

"Although an airway may be loosely de- 
fined as a designated route for aircraft 
plying from airdrome to airdrome, it can- 
not really be said to exist on a practical 
scale without airways communications, 
airdrome traffic control, and radio navi- 
gational aids. These are the three com- 
ponents furnished, over some 70,000 
miles of foreign military airways, by the 
Army Airways Communications System 
Wing. " -An excerpt from "The Army Airways 
Communications System," by Lt. W. Fawcett, Jr., 
Headquarters, AACS. 

Radio Receptor Co. 
INCORPORATED 

251 WEST 19th STREET NEW YORK 11, N. Y. 

S I N C E 1 9 2 2 I N R A D I O A N D E L E C T R O N I C S 
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VETERAN WIRELESS OPERATORS ASSOCIATION NEWS 

W. J. McGONIGLE, President RCA BUILDING, 30 Rockefeller Plaza, New York, N. Y. GEORGE H. CLARK, Secretary 

OUR VICTORY DINNER -CRUISE 
111.; nineteenth anniversary meet- 
ing this year, February 12, will 
be known as the United Nations 

Radio Victory Dinner -Cruise. It will 
be held in the North Ballroom of the 
Hotel Astor, Times Square, New 
York City. The East Ballroom has 
been engaged as a reception room. 

Invited to be guests of honor at this 
gala occasion are: General Henry H. 
Arnold, Commanding General Army 
Air Forces, pioneer in the use of air- 
craft radio, who this past year re-; 
ceived the Collier trophy for his con- 
tributions to aviation ; General Thomas 
Holcomb, former Commandant of the 
United States Marine Corps, the first 
officer in Marine Corps history to at- 
tain the rank of full General ; repre- 
sentatives and Consular personnel of 
each of the United Nations; radio offi- 
cers of each United Nations' vessel in 
port on February 12; William J. Hal- 
ligan, president of Hallicrafters, who 
will receive the Marconi Memorial 
Medal of Achievement ; E. A. Nicho- 
las, president of Farnsworth Tele- 
vision and Radio Corporation ; Ted 
McElroy, president of the McElroy 
Manufacturing Corporation; and 
Maurice Pierce, chief engineer of 

WGAR in Cleveland and chief engi- 
neer of the Psychological Branch of 
the Office of War Information, the 
man responsible in large measure for 
the successful surrender of the Italian 
Fleet. . . . Nicholas, McElroy and 
Pierce will receive Marconi Memorial 
Medals of Achievement. . . . FCC 
chairman James Lawrence Fly has 
also been asked to attend.... Honor- 
ary membership in the VWOA will 
be presented to Bryan S. Davis, pub- 
lisher of COMMUNICATIONS, in recog- 
nition of his cordial cooperation and 
unfailing support during the past ten 
years.... Honorary membership will 
also be accorded Rear Admiral Joseph 
Redman, Director of Naval Communi- 
cations and Major General Harry C. 
Ingles, Chief Signal Officer of the 
Army. . . . Life membership will be 
conferred upon our very industrious 
treasurer "Bill" Simon and Arthur 
H. Lynch, one of radio's pioneers. 

The outstanding deeds of radiomen 
of the United Nations will be recog- 
nized by suitable awards. 

IN MEMORIAM 
JOHN B. DUFFY, a former 

\'WOA president, died recently. 
He was a pioneer wirelessman, 
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and an intimate friend of practicallyr 
all wirelessmen who went to sea dur.., 
ing the first three decades of this cen 
tury. Our sincere condolences to hiss 
family. . . . Guy Entwistle, formerly¡ 
chairman of the Boston chapter, re- 
ports the death of Sam Curtis of the 
Boston chapter. We extend our deep -1 
est sympathy to his family. 

PERSONALS 

GEORGE P. SHANDY, VWOA' 
member and RCA's expert on 
direction finders, has been 

made chief inspector of the Radio - 
marine Corporation of America. Keep 
on the bearing, George ! . . . Funds 
totalling about one thousand dollars 
on hand to guard the upkeep of the 
Operator's Monument at Battery Park, 
N. Y. City, has been almost entirely 
transferred into War Bonds, thanks 
to the advice of Jack Duffy, of the 
Monument board.... The Monument 
is today rather ingloriously hidden 
behind the fence necessitated by the 
Battery -to- Brooklyn tunnel project. 
After the War it is planned to move 
the structure to a prominent position 
in the center of the Park, and at the 
same time greatly enlarge its scope. 
It is probable that this will be a joints 
enterprise of the Monument trustees 
and the VWOA.... Steffan Nielsen, 
now at RCA Victor, Camden, was 
once an operator just like Bill Fitz- 
patrick, with the exception that Bill 
didn't clip his dashes. One night years 
ago Steffan was operating a ship 
bound for Porto Rico, and called that 
station - NAW - with a message. 
However, he was a little too snappy 
with his sending, and it sounded too 
much like NAS- Pensacola, so that sta- 
tion answered and received the mes- 
sage. The Navy carefully forwarded 
the dispatch to Porto Rico by cable,. 
at a cost of $60.00 or so, and there 
was much interchange of accusations 
and denials when the wireless corn- 

(Continued on Page 90) 

Transmission of first transatlantic press messages from radio station in Glace Bay Towers io Clifden, Ireland, on October 17, 1907. L. R. Johnstone is at key. 

www.americanradiohistory.com

www.americanradiohistory.com


ronb est 
intimen 

The pride that we take in our products has been overshad- 

owed by an even greater emotion. On November 8. 1943. we 

of the McElroy Manufacturing Corporation were awarded the 

Army -Navy "E ". It isn't easy for us to express in words just 

how much a flag and a tiny "E" pin mean. We're thrilled. 

We're grateful to the Army and Navy. And we shall try. 

above all, to live up to this high honor. 

Here, in Boston, we have a happy factory group. There are 

several hundred of us ... fine men and women ...putting our 

utmost into each job. On the basis of thirty years' experience. 

I have ideas as to what constitutes good telegraph appara- 

tus. Our engineers. under Tom Whiteford, work out the orig- 

inal models which are later translated into actual equipment 

by our skilled personnel. 

As for our selling policy ... we have no salesmen. We do 

have a few resident representatives at points where they may 

be helpful. To these men, and to the men and women of the 

McElroy plant, I'd like to say - thanks . . . keep building 

for Victory. 

McElroy engineers are constantly alert to the needs of our industry. 
The equipment we produce stands as eloquent testimony to their 
efforts. We never imitate. We never copy. We design. We build. 
We deliver. Perhaps a McElroy engineer can be of service to you. 

MANUFACTURING CORP. 
82 BROOKLINE AVE. BOSTON, MASS. 

WORLD'S LARGEST MANUFACTURER OF AUTOMATIC RADIO TELEGRAPH APPARATUS 

COMMUNICATIONS FOR JANUARY 1944 63 

www.americanradiohistory.com

www.americanradiohistory.com


IA 

1 

1 

1 

THE LATEST, UP - TO -THE- MINUTE RADIO AND 
ELECTRONIC CATALOG IN THE COUNTRY TODAY! 

ifte 
The Lafayette Radio Catalog No. 
94 will be rushed to you upon 
request. Fill out this coupon 
NOW! 

I MI s, I I NM s, 
LAFAYETTE RADIO CORP. 
901 W. Jackson Blvd., Chicago 7, III. 
Dept. R -I 
Please rush my 
Lafayette Radio 

NAME 

ADDRESS 

CITY 

FREE copy of the 
Catalog No. 94. 

STATE . II I I I a El 1111 1111 Ell .. 
Sa.c4 "Ittác4 

Newest listings of amplifiers, communications 
equipment, radio tubes, testers, etc. 

The latest developments in inter -communications 
equipment. 

Greatly expanded listing of needed tools, espe- 
cially for assembly and factory use. 

Advance listings of 1944 radio and electronic 
books; repair and replacement parts; bargain 
section of values. 

A brand new, up -to- the -minute catalog that 
should be in the hands of industrial plants, 
laboratories, government and military services, 
schools, radio servicemen and dealers (on L265), 
everybody engaged in vital war and civilian work. 

e Vto,te Von Vowed 

LAFAYETTE RADIO CORP. 
901 W. Jackson Blvd. 265 Peachtree Street 
CHICAGO 7, ILLINOIS ATLANTA 3, GEORGIA 
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NEWS BRIEFS 
(Continued frost page 58) 

radio receiver and parts maximum price 
regulations. 

* * * 

CREATIVE PLASTICS EXECUTIVE 
OFFICES NOW IN N. Y. C. 
Creative Plastics Corporation, 963 Kent 
Ave., Brooklyn, N. Y., manufacturers of 
insulating grommets and other fabricated 
plastic parts for industrial uses, has 
opened a sales and executive office at 
393 Seventh Avenue, N. Y. City. 

Todd Harris, sales manager, will be in 
attendance at the New York offices Tues- 
days and Thursdays, while Paul E. 
Monath, purchasing agent, will be present 
Mondays and Fridays. On Wednesdays, 
both will be at the Brooklyn plant. 

Telephone number of the New York 
office is CHickering 4 -0828. 

* * * 

PHILIP MURRAY JOINS MIDLAND 
Philip Jesse Murray, formerly with the. 
Air Conditioning Training Corporation, 
Youngstown, Ohio, has been appointed 
sales director of Midland Radio and Tele- 
vision Schools, Kansas City, Missouri. 

* * * 

WARE NOW MANAGING KWFC 
William E. (Bill) Ware, has become 
general manager of KWFC, Hot Springs, 
Arkansas, MBS affiliate. 

* * * 
AMPEREX EXPANDS 
Amperex Electronic Products, 79 Wash- 
ington Street, Brooklyn, N. Y., has 
opened another plant in Brooklyn. 

* * * 

MASSEY NOW WESTINGHOUSE 
GENERAL LAMP SALES MANAGER 
William J. Massey has been appointed 
general lamp sales manager of the West- 
inghouse lamp division, with headquarters 
at Bloomfield, N. J. 

* * * 

POSTWAR PLANS WIN 
HUDSON AMERICAN AWARDS 
At the recent International Municipal 
Signal Association War Conference held 
in Cleveland, the Hudson American Cor- 
poration, 25 West 43rd Street, N. Y. City, 
offered War Bond prizes for the best sug- 

BENJ. FRANKLIN ANNIVERSARY 

The 238th birthday of Benjamin Franklin was celebrated on January 17. Above, his famous 
static electricity device, at the Franklin Insti- tute, Philadelphia (now in storage for the 

duration). 
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estions on the development of municipal 
gnaling for postwar application. 
The prize winners have just been an- 

ounced. First prize of a $100 War 
tond was won by Clement Wetmore, 
uperintendent of fire alarms, 675 Shepard 
avenue, Hamden, Conn. His suggestion 
overed a walkie- talkie unit for firemen, 
attery- powered, and fitted with ear - 
hones and a throat microphone. 
The second prize, a $50 War Bond, 
as worn by Herbert A. Friede, superin- 
ndent and chief of emergency communi- 
tions, Fire Headquarters 4th, Douglas 

treet, N. W., Washington, D. C. He 
ggested a chain of mutual aid radio 
ations to be established on a national 
sis ; one station to be installed in 
lected fire control centers, the State fire 
arshal, or other authority, to designate 
e installation. 
L. C. Van Inwegen, Jersey Central 

ower & Light Company, 501 Grand Ave - 
e, Asbury Park, N. J., won the third 

e rize, a $25 War Bond. He suggested a 
ireless . fire -alarm box, primarily for 

d mall districts lacking fire apparatus of 
-leir own. 

A $100 War Bond, special award, was 
Ion by Alfred Theurich, fire alarm su- 
erintendent (present ISMA), 145 East 
folly Street, Pasadena, Calif. His post - 
rar development plan covered a walkie- 
alkie unit for firemen, designed with a 

hroat microphone and a single ear plug 
T a receiver hinged to the helmet ; the 
ntenna to be built into the helmet or 

I ewn into the turn -out coat. 
* * * 

;TANCOR CATALOG 
11. 36 -page catalog, 140 -F, covering vari- 

Ius types and sizes of stock transformers 
nd converters has been released by 

i;tandard Transformer Corporation, 1500 
I 'Iorth Halsted Street, Chicago, Ill. 
i ;harts are provided to expedite identifi- 
t ation of parts. 

* * * 

t I. W. RRYANT JOINS G. E. 

N CHICAGO 
W. Bryant, formerly with the radio 

ii livision of the Missouri State Highway 
?atrol, has joined the Chicago office of 
i. E. He will assist users of emergency 

i .ommunication equipment in the selec- 
ion and installation of equipment for 
heir needs in the central region of the 
nited States. 
Mr. Bryant joined the Missouri State 
ighway Patrol as a member of the 

(Continued on page 66) 

GLASS VEE JEWELS 

(Courtesy Westinghouse) 

Glass vee jewels now available for instru- 
ments. Diameters are 0.051 and 0.076 inch. 

«tiRR 1A2t14 

,:te i f 14,000 . 
CONNECTOR ITEMS 

NOW-EACH A STANDARD 

CANNON PLUG 

Cannon has developed and built countless 

specialized connectors to meet the specific 

needs of many industries including aviation, 

radio, power and motion pictures. 

Today these once special items are Stand- 

ard Cannon Plugs. They are available in 

many variations for any industry that has a 

problem in complex and concentrated wiring. 

If you have a corner to cut or a schedule 

to beat in the radio, instrument or general 

electrical fields it is more than likely that a 

Cannon Connector will meet your special 

needs. Write, telling us your problem, and 

we will supply catalogs and bulletins 

explaining the Cannon line in detail. 

CANNON ELECTRIC 
Cannon Electric Development Co., Los Angeles 31, Calif. 

Canadian Factory and Engineering Centre: Cannon Electric Co.. Ltd.. Toronto 

REPRESENTATIVES IN PRINCIPAL CITIES - CONSULT YOUR LOCAL TELEPHONE BOOK 
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DRY AIR PUMP 
for Economical Dehydration of Air 

for filling Coaxial Cables 
This easily operated hand pump quickly and eflì- 
ciently dehydrates air wherever 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-Jree coaxial cables in addition to having a 
multitude of other applications. 

Catalog descnbtng coaxial cables and accessories free 
on request. Irrite Jor in /oratation on ANTENNAS 
and TUNING and PHASING EQUIPMENT. 

363 EAST 75th ST., CHICAGO 1$, ILL. 

i r 
MICO ENRA VER 

A versatile pantograph machine adaptable to many letter- 
ing tasks associated with experimental work as well as the 
routine production of panels, nameplates anti small parts. 

Catalogue on Request 

Mico Instrument Company 
88 TROWBRIDGE STREET, CAMBRIDGE, MASS., U. S. A. 
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Radio Division in 1936. At that time 
patrol operated station WOS, whs. 
regular programs were interrupted to 
transmit calls and information to patrs 
cars on the road. He was one of t 
three members of that division who bui 
and operated the patrol's first short-wa 
station, KICK. He designed and pre- 
pared the operating procedure for 
patrol's complete n- station system in. 
stalled in 1938, and was appointed Ser- 
geant in charge of personnel and oper. 
ations for this new system under Captain 
J. M. Wherritt, patrol communication 
officer. 

Mr. Bryant lias been an active member 
of the Associated Police Communication 
Officers since l93ä, serving as chairman) 
and member of several APCO commit. 
tees. 

s 

CAPTAIN ROBERT ADAMS 
JOINS TEMPLETONE 
Captain Robert Adams, recently retired 
rom the Signal Corps, has joined Tem- 

i letone Radio Company, Mystic, Connec- 
ticut, as production manager of the radio; 
division. 

Prior to entering the Armed Services, 
Captain Adams was works manager of 
Sonora Radio and Television Company. 
Previous associations were as superin- 
tendent, radio division, Stewart Warner 
Corporation, and with General Electric 
Company, RCA V ictor Company, and 
Raytheon Manufacturing Company. 

s s 

SOLDIERS WIN HALLICRAFTERS 
AWARD 
First Lieutenant Robert Phillips, Jr., of 
the Signal Corps, and Technical Ser- 
geant Ervin A. Hurley, with an Air Base 
Squadron in the Aleutians, tied for first 
prize in the Hallicrafters Company cash 
prize contest for radio men in the Ser- 
vice. Each of the soldiers received a 
check for $100. The prizes were awarded 
for letters telling of their personal ex- 
periences with Hallicrafters military and 
naval communications equipment. 

The contest is open to Servicemen, 
either in the United States or overseas, 
with \' -mail letters acceptable from the 
latter 

Lt. Phillips was invited to come to 
Chicago and attend Hallicrafters annual 
Christmas dance to receive his award. 

At the battle of Kasserine Pass, while 
driving an SCR -299 mobile radio station, 
Lt. Phillips was hit by dive bombers. 
He wears an empty sleeve as a result, 
also the Order of the Purple Heart. With 

Lt. Robert Phillips, Jr., receiving his $100.00 
award from Kenneth McClelland, Hallicraffer 

personnel director. 
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s arm nearly blown off, he drove six 
ounded men to a first -aid station and 

t back an ambulance for more. In 
s prize -winning letter he told how the 
allicrafters SCR -299 was used to estab- 
sh communications between an African 
se and London, England, a distance of 

300 miles. 
T /Sgt. Ervin A. Hurley told in his 

tter how the SCR -299 overcomes severe 
dio disturbances caused by adverse 
Bather conditions in the Aleutians. 

* * * 

LCOM, OF SYLVANIA, JOINS 
-YEAR CLUB 
. F. Balcom, vice president of Sylvania 

lectric Products, Inc., and a member of 
s board of directors, has just been made 
member of the firm's Quarter- Century 

lub. 
Mr. Balcom is also a vice president of 
e Radio Manufacturers Association. 

* * 
!;AM CUFF IN NEW DUMONT POST 

If 

It 

iamuel H. Cuff has been appointed gen- 
'ral sales promotion manager for Du- 
'font television. Mr. Cuff will direct 
ales promotion on television receiving 
.nd transmitter equipment. He will also 
lave charge of sales on the DuMont tele- 
ision station. 

* * + 

IYTRON'S FACILITIES EXPANDED 
lytron Corporation, Salem, NIa,sachu- 
etts, have now quadrupled their produc- 
ive facilities, according to Hytron offi- 
ials. 

+ * * 
ARMY -NAVY "E" TO BELL 

l'hc Army- Navy "E" has been awarded 
the Bell Sound Systems, Inc., 1183 

ssex Avenue, Columbus, Ohio. Lieu - 
nant Governor Paul M. Herbert of 
hio, served as master of ceremonies and 
elivered the main address. Colonel H. 
. Yeager, commanding officer of the Sig - 
al Corps, Aircraft Signal Agency, 

right Field, Dayton, Ohio, presented 
(Continued on page 68) 

á 

loyd W. Bell and Earl Hosier with the Bell 
Sound "E" flag. 

iZZZs2á .eílfea depend 
an Mk peAlec;úon 

YOU CAN DEPEND ON IT, TOO! 

Perfection is what counts in a crystal. And per- 
fection comes only through painstaking work - 
plus constant research to develop better and yet 
better methods of production. 

At Scientific Radio Products Company we're 
developing those better methods. New methods 
of etching, edging, mechanically tumbling crys- 
tals into frequency . all aimed at producing 
a better finished crystal at lower cost. 

Our armed forces get most of those perfect 
crystals. But we can handle your important 
needs, too . . . on special order. Write us if 
we can help. 

F O R E X C E L L E N C E 

I N P R O D U C T I O N O F 

W A R M A T E R I A L S 

Scientitic Radio Products Co. 
LEO MEYERSON - W9GFQ E. M. SHIDELER - W91H 

738 W. BROADWAY, COUNCIL BLUFFS, IOWA 
MANUFACTURERS OF PIEZO ELECTRIC CRYSTALS AND ASSOCIATED EQUIPMENT 
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90 WEST STREET 

FACILITIES FOR PRECISION MANUFACTURE 

OF ELECTRONIC TUBE TUNGSTEN LEADS, 

BASES, CAPS, METAL SPECIALTIES AND 

SPECIALIZED SPOT WELDING EQUIPMENT 

The Engineering Company's three plants ore producing an extreme diversity 
of high grade Cops. Bases and Tungsten Leads in tremendous quantity. An 
almost infinite variety of shapes. and sizes in metal are evolved. Accuracy 
is consistently held to any specified degree. 

The Engineering Company's technical staff -with over 20 years experience 
in this field -is fully capable of providing a solution to any pertinent prob- 
lem. Close tolerances, extreme temperatures. corrosion etc. ore every day 
routine. 

The Daniel Kondakiion high efficiency spot welder offers 
increased production possibilities worthy of rapid con 
siderotion. For over 20 years o leader. Inquiries invited 

THE ENGINEERING CO. 
27 WRIGHT STREET, NEWARK, S, NEW JERSEY 
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the flag to Floyd W. Bell, Bell Sou 
System president. 

* * * 

DEAN CELL GOES TO 
UNIVERSAL MICROPHONE 
Dean Cell, formerly assistant engineer 
charge of production testing at the L 
Angeles plant of the Robert Hadley G 
transformer manufacturers, has joined ti 
Universal Microphone Co., Inglewoo 
Cal., in a supervisory capacity. 

# A 

G. E. APPOINTS STANDARDS 
POLICY COMMITTEE 
A standard policy committee has been s 
up at G. E. L. F. Adams has been a 
pointed committee manager by W. l 
Burrows, vice -president in charge of gee 
eral manufacturing matters, and R. 
Muir, vice -president in charge of generi 
engineering matters. The committc 11 

will be responsible for the developmet l 

and maintenance of sound design en 
neering and manufacturing standards a 
practices for use throughout the co 
pany. 

Others on the committee are H. 
Robb, secretary ; P. L. Alger ; T. D. Fo 
the engineering assistants to the wor 
managers ; the general superintendent c 
each works, and a representative of eac 
of the appliance and merchandise, elec 
tronics, and lamp departments. 

JI 

r * * 
ERIE RESISTOR WINS "E" 
The Erie Resistor Corporation, Erie, Pa 
has been awarded the Army -Navy "E. 
Lieutenant Colonel William H. Edwards 
U. S. Signal Corps, presented the "E 
Hag to G. Richard Fryling, Erie Resisto 
president. 

* * * 

W. C. SPEED IN NEW REEVES POST 
William C. Speed has been appointer 
vice -president in charge of manufacturin i,l 
t-)f Reeves Sound Laboratories, Inc., 6 
West 47th Street, N. Y. City. Mr. Spee 

j f 

is also vice -president of Audio Mani t 

facturing Corp., Stamford, Conn. 
* * * 

JEWELL NOW WESTINGHOUSE 
INDUSTRY DEPT. ASST. MANAGER 
James H. Jewell has been appointed as 
sistant manager of the industry depart 
ments of Westinghouse Electric an 
Manufacturing Company. Mr. Jewel 
manager of the agency and specialties d( 

A -C CALCULATING BOARD 

The new a -c calculating board recently in stalled by Westinghouse at East Pittsburg, that makes it possible to solve complicates 
power- system problems. It simulates tote 

of 18 power sources. 
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artment since 1940, will continue to head 
hat division. 

r In his new post Mr. Jewell will super - 

ise all activities of the industry depart - 
rient except application data and training 
[lid general contract. 

'AVID GROSS NOW DUMONT 
;YCLOGRAPH SALES DIRECTOR 

avid Gross has t_,cen appointed sales di- 
tor of the materials test dli\ ilion of 

lien B. Dulsiont Laboratories, Inc.. Pas - 
ic, N. 3. This division handles the 1)u- 
ont cyclograph, which non- destruc- 
vely tests the metallurgical propertic, 
' ferrous and non- ferrom metals. .. 
IEW PLANT FOR BELMONT 

onstruction lias begun on an addition 
the plant of the Belmont Radio Cor - 

ration, 5921 \V. Dickens Avenue, Chi - 
go, Ill. The addition will provide space 
r the firm's augmented laboratory staff. 

''. W. HUBBEL CHAIRMAN, 4TH WAR 
OAN COMMUNICATIONS DIVISION 

ames W. Hubbell, president of the N,%% 

-ark Telephone Company, has accepted 
ie chairmanship of the Communications 
)ivision for the Fourth War loan. 

IAYMOND LOEWY TO DESIGN 
OR EMERSON 

taymond Loewy, industrial designer, will 
lesign cabinets for Emerson Radio and 
'honograph Corporation for the postwar 
ra. 

:ARRINGTON AND BESSEY WIN 
$LTEC SERVICE PROMOTIONS 

,ì. L. Carrington has been elected prtsi- 
ent and H. M. Bessey vice president 

tf Altec Service Corporation, 250 \Vea 
;7th Street, N. Y. City. 

Mr. Carrington, one of the founders of 
'SItec, has served as vice president and 
general manager since its formation in 
.937. With his new duties as president. 
te also retains the post of general manager 
)f Alice Service Corporation. as well as 
he presidency of Altec Lansing Corpora - 
ion, west coast manufacturing subsidi- 

WILLIAMSPORT SYLVANIA PLANT 
WINS "E" 
fihe Williamsport, Pa., plant of Sylvania 

ectric Products, Inc., received the 
rmy -Navy "E" award. 
Major General Roger B. Colton. chiet 

i the Engineering and Technical Se -- 
I C'nntinu.-d rin page 70) 

COMMANDO -TOUGH RADIO 

nursery Wertinghow.re) 
âivìng the commando -tough radio a .refer 

test. 

al/1g 
DONE WITH WIRE 

Electronics, Radionics, Radio - weapons that 
help speed us to Victory. Making wire "har- 
nesses" for these magic swords is another big 
Wallace job. The production picture in itself is 

pure magic, too; because it involves improved 
techniques, discoveries and multiple engineering 
problems. Here, then, is a well of priceless 
experience ready to help you produce your own 
brand of magic - once Victory is achieved. 

Wm.T.WALLAOE MFG.E0 
General Offices: PERU, InDIAnA 

Cable Assembly Division: ROCHESTER, ImDIAt1A 
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Kant Complete Blackout and 

Fully Illuminated Jewel? 
NEW efficiency has been designed and built into 

the new No. 85 DRAKE Shutter Type Assem- 
bly ! Now, for the first time, a 90 degree clockwise 
turn made easy by a sure -grip knurl, brings COM- 
PLETE blackout ... a 90 degree counter clockwise 
turn FULLY illuminates jewel. (Same rotation as 
aircorps part í+42B3593). This new No. 85 is, we 
believe, the ONLY Shutter Type Assembly without 
a central pilot hole that permits light leakage. A 
firmly locking, slip -fit bezel is instantly removable 
without tools, for easy lamp replacement. It has the 
same general specifications and is interchangeable 
with our No. 80 Polaroid Type Assembly. 
Do you have the newest Drake Catalog describing 
the No. 85 and other new Drake patented products? 

N 0.8 5 
s 

TYPE R 

PILOT LIGHT ASSEMBLIES 

DRAKE MANUFACTURING CO. 
1 7 1 3 W E S T H U B B A R D ST., C H I C A G O 2 2, U.S.A. 

{Standard of Excellence 
Tet Peaex 

Accuracy and dependability 
are built into every Bliley 
Crystal Unit. Specify BLILEY 

for assured performance. 

BLILEY ELECTRIC COMPANY 
ERIE. PENNSYLVANIA 
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vice of the Signal Corps, awarded ti 
"E" to Walter E. Poor, president. 

* * * 
CHEMICAL PUBLISHING CATALOG 
A new catalog of technical books h.. 
just been issued by The Chemical Puy' 
lishing Co., Inc., 26 Court Street, Brool! 
lyn 2, N. Y. This catalog includes ti 
latest books on chemistry, technolog 
physies, general science, mathematic 
engineering, radio, aviation, foods, fa 
inularies, cosmetics, gardening, medicitt 
metals, technical dictionaries, etc. 

This catalog gives the date of publi 
tion of each book as well as a conci 
description and full table of contents. 

* * * 

IRC BOOKLET REVEALS WARTIME 
PRODUCTION PROGRESS 

for 

61 

A booklet entitled Reporting ¢ ng on Plancc 
No. 1666, telling how additional facilitic 
were secured under wartime condition 
has been released by the Internatiom). 
Resistance Company, 401 N. Broa 
Street, Philadelphia, Pennsylvania. 

The report reveals how difficult equii . 
ment was finally secured or built, mar; 
power trained and a new plant construct 
ed. All this, says the report, involve 
some 23,000 telephone calls and telegram 
and 7,000 hours in purchasing and ex 
pediting. 

* * * 
WNBT ON AIR TWICE WEEKLY 
The National Broadcasting Company ar. now presenting television programs twin 
a week for at least two hours each night. 
over WNBT. 

Normally, the station will transmt 
. short subjects and feature films on Mon 

day and Saturday evenings from 8 to 1( 
o'clock, but if a public event providing 
acceptance television material is avail 
able at Madison Square Garden on some 
other night, the Saturday program fop that week may be replaced by the special telecast. 

This new schedule was announced ley 
C. L. Menser, NBC vice president ir, charge of programs. 

* * * 

E. O. WOODWARD AWARDED 
REACTOR PATENT 
E. O. Woodward, owner and chief en-. gineer of Hollywood Transformer Com- pany, 645 North Martel Avenue, Los Angeles 36, California, has been awarded 
a patent for an improvement on inductive': reactors, and a new and useful core ar- rangement for these reactors. 

* * * 
MINUTE FLAG TO JAMES KNIGHTS 
The Treasury Minute Man flag was re- cently awarded to the James Knights 
Company, Sandwich, Illinois. 

* * * 
UTC EMPLOYEES FORM VICTORY 
CORPS; DONATE BLOOD 
Members of the United Transformer Company, 150 Varick Street, New York City, have formed a Victory Corps to participate in home front war activities. Thus far, members of this group have donated over 350 pints of blood to the Red Cross. 

* * * 
COMMUNICATION PRODUCTS' 
R -F LACQUER 
A radio frequency lacquer that is said to have a low loss factor over a wide frequency range has been announced by 
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:ommunication Products Company, 744 
3road Street, Newark, N. J. 

A 24 -page booklet describes the uses 
f the lacquer, known as Q -Max A -27. 
llustrated graphically, for a wide fre- 
uency range, are the dielectric constant, 
ower factor and loss factor while data 
re included for dielectric strength, den - 
ity, drying time, adhesion and other 
haracteristics. 

* * * 

ItADIOMARINE WINS SECOND 
,STAR FOR "E" FLAG 
k second white star has been awarded 
he Radiomarine Corporation of America 
or its Army -Navy "E" flag. 

Radiomarine's original "E" pennant 
vas presented in December, 1942. In 
kpril, 1943, the first star was added to 
he flag for continued production effi- 
:iency. In addition, the Radiomarine Cor- 
.)oration, in March, 1943, won the Mari - 
:ime "M" Pennant and Victory Fleet 
Flag. 

* * 

G. R. NOISE PRIMER 
An interesting analysis of noise appears 
in the recently issued 44 -page manual 
published by General Radio Company, 
Cambridge, Massachusetts. The manual 
entitled The Noise Primer is divided up 
into 13 chapters and covers such subjects 
as sound level meters, vibration meters, 
sound analyzers, the decibel, noise and 
noise measurements. Decibel conversion 
charts are also included in this interesting 
presentation. 

The manual is well illustrated with op- 
erating graphs and photos of equipment. 

* * 

L -183 DISCUSSED IN JFD BULLETIN 
A 4 -page bulletin in which a review of 

i L -183 appears, has been released by the 
JFD Manufacturing Co., 4111 Fort Ham- 
ilton Parkway, Brooklyn, New York. 

' The bulletin also contains priority data 
- on JFD products. 

* 

* * * 
' INSULINE CATALOGUE 

A 48 -page catalogue describing a variety 
of parts has been issued by the Insuline 

!Corp. of America, 3602-35 Avenue, Long 
Ì Island City, New York. 

f Data in the manual covers jacks, plugs, 
terminal strips, fuse mounting, test leads, 
alignment tools, switches, dials, cabinets, 
antennas and general hardware. 

* * * 

RADIO'S FUTURE TOLD IN 
RCA BOOKLET 
The future of radio and electronics in 
industry receives an interesting analysis 

i in a 32 -page booklet just released by the 
Radio Corporation of America, RCA 
Building, New York City. 

The booklet, which contains an intro - 
duction by David Sarnoff, RCA presi- 
dent, tells of the variety of applications 
that are in store for radio and electronics 
in the postwar era. The application of 
these facilities to the home, farming, 
food, highways, aviation, railroads and 
ships are discussed. 

* * 
i AMP SOLDERLESS TERMINAL 

il BULLETIN 
.' Pre -insulated solderless terminals are de- 

scribed in a 6 -page bulletin released by 
Aircraft- Marine Products, Inc., 1523 
North 4th Street, Harrisburg, Pennsyl- 
vania. 

The bulletin provides dimensional data 
on two types of supports known as red 
22 -18 and blue 16 -14. 

One Month's War Bill 

$7,794,000,000.00 

Last November, the cost of war stood at the record 
high of 7,794 millions of dollars, topping the previous 

months by nearly 10 %. 
As manufacturers of communications equipment (for which the 
need is soaring as our troops move ahead), we can give you one 
very heartening reason why this cost was so high. In one word, the 
answer is QUALITY. 
We think it is to the eternal credit of the armed services that high 
standards have not been sacrificed regardless of the extreme urgency 
of production needs. This simply means that more of our men - 
many more -will return home safe and sound. 

The record of the communications manufacturing industry in con- 
tinuing to meet these rigid standards, while tremendously increasing 
output, is a proud one. One of the outstanding examples of this is 
the accomplishment of our own men and women of Connecticut 
Telephone and Electric Division. We are pleased to offer their 
present achievement in evidence of ability to serve postwar America. 

SWITCHBOARDS FIELD TELEPHONES 

AIRCRAFT IGNITION PARTS HEADSETS 

CONNECTICUT TELEPHONE & ELECTRIC DIVISION 

MERIDEN, 

REAT 

MÌ...RICAN 

ROIISTRIES 

CONNECTICUT 

Engineering, Development, Precision Electrical Manufacturing 
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PeL4daCeQ Q 
"MERIT" 

G,ZIQ,Cl`tQ 

7:01e Radcá Pant4 
... 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-.--- 
Since 1924 

MERIT COIL & TRANSFORMER CORP. 311 North Desplaines St. CHICAGO 6, ILL. 

THE INDUSTRY OFFERS .. . 

(Continued from page 60) 

mutators, two cores and four windin 
The total diameter is 2.8" and the lengt 
is 11 ". Maximum voltage is 450. 

* * 

G. E. IGNITION CABLE 
A high- tension sheath -type ignition ca 
for use on aircraft engine ignition sye' 
tems, has been announced by the G. I 
wire and cable division. 

Synthetic neoprene is used. It is sai, 
to have high heat, moisture and oil r< 

sistance and can withstand the effects c, 

an electrical discharge at low atmospheril 
pressures. 

The conductor of this new cable i 

flexible. It consists of monel wire. 
twisted together and covered with an in . 

sulation of low- capacitance rubber co 
pound reinforced by a braid of glass yarn 
for added tensile strength and rugge, 
ness. 

* * * 

CENTRALAB CENTRADITE CERAMIC 
A new development in ceramic material 
Centradite, has been announced by Cen 
tralab, division of Globe Union, Inc., 90( ( 
East Keefe Avenue, Milwaukee, Wiscon 
sin. Its characteristics are described it 
a one -page bulletin 720 -A. 

* * * ! 

WESTINGHOUSE AIRCRAFT 
RADIO BLOWER UNIT 
A hlower for use on aircraft radio equip. 
ment that operates on 60 cycles, and at a. 
speed of 7,000 rpm, has been developed' 
at Westinghouse. A new type blower. 
fan made by Torrington with extra blades 
is also used to increase cooling properties. 

* NO FOOL /N ¡ TN /S /S ANT OUR METHOD BUT OURS /5 COMPLETELY AUTOMAT /C, ELECTRON /CALLY CONTROLLED 
AND TESTED AT EVERY STEP. 

GENERAI OFF ICES 1841 W CARROLL AVE CHICAGO. Ill u S A 
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* * * 

HAINES U -H -F SIGNAL GENERATORS 
Calibrated u -h -f signal generators, type HF73, are now being produced by the Haines Manufacturing Company, 248 -274 McKibbin Street, Brooklyn, New York. It is continuously variable from 200 to 800 megacycles. Frequency in both mega- cycles and centimeters appear directly on scale. Housed in steel cabinet, 15" x 7" x 7 %" 

SURPRENANT PLASTIC TUBING 
Plastic for tubings and wires, that are said to have an average dielectric strength of 1,500 volts per mil thickness is being produced by Surprenant Electrical Insula- tion Company, Boston. The material is said to retain its dielectric and mechanical strength in temperatures as high as 295° F. and as low as minus 80° F. The plastic insulation, produced under 

OM 

i., 
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name, Surco- American, are available 
26 formulations, in thicknesses of 

to 2" inside diameter, and are sup - 
:d in all lengths and colors. In- 
ted wires are supplied in continuous 

hs, also in all colors, in sizes No. 12 

No. 48 ; AWG tubings are said to 
non- aging, non -inflammable, resist 

isture, acids, alkalis, and hot oil, and 
Elected by weather. 

* * * 

INEL LIGHT 
panel light assembly is being made by 

Dial Light Co. of America, Inc., 90 
est Street, New York. A feature is a 
Furled head which is rotatable 360 °, thus 

t sting the light at any desired angle. 
The lamp housing is made of Navy 
ecification bakelite varnish, while the 
ad is made of brass and may be finished 
th any desired plating. Lamp socket 
commodates miniature bayonet base 
np which is easily removable from 

t )nt of panel. The unit requires an 11/16" 
IInel hole for mounting. 

4OWER RECTIFIERS 
',', line of power rectifiers has been an- 
1 

unced by Selenium Corporation of 
merica, 1800 -04 West Pico Boulevard, 
os Angeles 6, California. Included are 
ven disc sizes ranging from Y4" to 4W' 
diameter. 

All the units are stated to be moisture 
roof and to have permanent character - 
;tics. Assemblies with output up to 1000 
mperes can be supplied. 
The rectifiers known as Selco type are 

vailable for bolt or stub mounting direct 
o equipment or with mounting brackets 
s per specs. 

40 YEARS OF EXPERIENCE AT YOUR SERVICE 

high degree of precision and 

,and makes it with a lug rience in 

cooperation born of our concentrated expo 

meeting 
requirements and schedules. 

eeliag wartime's rigid Willor Serv- 

From rave stock to completed items . . 

roduserv- 
facility for planned p 

114 latdae 
ite embraces every 

44(" 
BOARDS 
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WS NEW 
GET 

CATALOG 

NOW! 

teppec'- up PRODUCTION 

OF RADIO-ELECTRONIC PRODUCTS! 

As reflected in our new 48 -page Catalog, 
the expanded Insuline plant is producing an 
enlarged line of high -quality Radio, Sound, 
and Electronic Products. These include:- 

Metal Cabinets, Chassis, Panels 
Plugs and Jacks Clips Tools 

Metal Stampings Screw- Machine 
Products Antennas Hardware 
and Essentials. 
Send specifications for estimates. Write for 
your copy of our Catalog -nowl 

pp.0 AR TfRS o ecZRON/O p,P 
\ 

nsuu n 
CORPORATION OF AMERICA 

INSULINE BUILDING LONG ISLAND CITY, N.Y. 

PLASTIC PARTS 
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. 

93 Mercer Street 
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BOOK TALK ... 
HYPER AND ULTRAHIGH 
FREQUENCY ENGINEERING 

By Robert 1. Sarbacher, Sc.D., Associai, 
Professor of Electrical Engineering ;r 
Illinois Institute of Technology, ant. 
William A. Edson, Sc.D., Assistant Pro 
fessor of Electrical Engineering, Illinoit 

et 

Institute of Technology ... 644 pp. . . i, 

New York: John Wiley and Sons, Inc 
1, ... $5.50. 

This volume is a commendable con- 
tribution to the communications world i 

Analyzed are a host of u -h -f problems 
which long have puzzled many engi- 
neers. 

The book has been prepared in a , 

very unique way to facilitate interpre- 
tation of the subjects discussed. For 
instance, a very complete table of sym- 
bols with 'page references are pre- 
sented. In addition, at the conclusion 
of each chapter, are problems for 
study. In the appendix are presented 
fundamental constants, a conversion 
table for the units affected and unaf -' 
fected by rationalization, and a 20- 
page bibliography, covering text books 
and manuscripts. 

There are 17 chapters in the book. 
These chapters cover : electrostatics 
and magnetostatics ; the electromag- 
netic equations ; Maxwell's equations; 
reflection and refraction of plane 
waves; parallel plane wave guides; 
rectangular wave guides ; cylindrical 
wave guides; wave guide experimental 
apparatus ; transmission line theory ; 

cavity resonators ; radiation from 
horns and reflectors ; the behavior of 
vacuum tubes at high frequencies; 
amplifiers; the negative grid oscilla- 
tor ; the positive -grid or retarding - 
field oscillator ; the magnetron ; and 
tubes employing velocity modulation. 

In discussing the terms hyper -fre- 
quency and ultrahigh frequency as pre- 
sented in this volume, the authors say: 
"Although no definitely established 
frequency limits are associated with 
the terms hyper frequency and ultra- 
high frequency as applied to radio 
communications systems, frequencies 
above about 30 megacycles per second 
are generally referred to as ultrahigh 
frequencies. Originally no upper limit 
was associated with this term. The 
term microwaves is sometimes used to identify the band of frequencies be- 
yond those known as ultrahigh. These 
wavelengths covered the range from approximately three centimeters to 30 centimeters. We may, therefore, con- sider the ultrahigh -frequency band to cover frequencies lying between 30 to 1,000 megacycles per second, and the hyper- frequency band to embrace those of 1,000 to 10,000 megacycles per sec- ond." 

m 

TI 
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. This book should be read by every- 
le interested in, or engaged in, hyper 
id ultrahigh -frequency work. -O. R. 

RAPHICAL CONSTRUCTIONS 
OR VACUUM TUBE CIRCUITS 

f Albert Preisman, A.B.E.E., Director 
t' Engineering Texts and Consulting 
hgineer, Capitol Radio Engineering 
stitute . . . 237 pp. . . . New York: 
cGraw -Hill Book Co., Inc. . . . $2.75. 

The use of geometric manipulations 
secure solutions to nonlinear circuit 

-oblems, involving particularly vac - 
im tubes, affords an interesting me- 
a of study. In this volume, Mr. 
eisman analyzes this procedure most 
ectively. Since analytical methods 

e sometimes used with the graphical 
ocedure, Mr. Preisman has there - 
re included this concept where es- 
.ntial. 
There are seven chapters in the 

bok covering the following subjects: 
se nonlinear- circuit problem ; thermi- 
nic vacuum tubes ; elementary graph - 
-al constructions ; reactive loads ; bal- 
need amplifiers, detection ; and mis- 
2l1aneous graphical constructions. 
In the discussion on thermionic vac- 

um tubes, Mr. Preisman analyzes 
'hild's Law, revealing departures 
;om the theory. The chapter on ele- 
Ientary graphical constructions con - 
tins data on parabolic characteristics 
nd graphical constructions for tet- 
odes and pentodes. 

The discussion of reactive loads is a 
ost interesting one covering induc- 

ance, capacity and nonlinear resis- 
ance with a number of very effective 

. mples. Discussed in this chapter, 
ao, are parallel inductive, capacitive, 

d resonant circuits. 
In his analysis of balanced ampli- 
rs, Mr. Preisman presents a physi- 
I analysis of the push -pull system 
d then a graphical application. 

codes of operation of class A, AB, 
d B systems are. developed. Data 

correction for mid -branch imped- 
ce and winding resistance are also 
ovided in this chapter. The inter - 

L sting properties of the square -law 
be are discussed in a rather complete 

. anner, Other data in this chapter 
overs driver tube constructions, de- 
rmination of grid current and driver 

esistance, plate circuit distortion 
)roducts with a geometric interpreta- 
ion. 

The concluding chapter covering 
niscellaneous graphical constructions 
liscusses voltage and current feed- 

, )ack, plate isolation and effect of low 
;rid coupling resistance. 

Engineers will find this presentation 
a most useful one in solving many vac - 
uum tube problems. -O. R. 

ALTEC LANSING designs, engineers 

and manufactures loud speakers, audio and 

power amplifiers and transformers to unusual 

and exact specifications it ;z 'tz -z r 

Altec Lansing factories ore supplying the 

Army, the Navy and various American 

plants with vitally needed war equipment. 

ALTEC 

C O R P O R A T I O N 

1 2 1 0 T A F T B U I L D I N G 

HOLLYWOOD 28, CALIFORNIA 
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DESIGNED FOR 

PEAK 

PERFORMANCE 

SEALED, ALUMINUM CASE 
AIR -BORNE TRANSFORMERS 

OIL - COOLED, PLATE SUPPLY 
TRANSFORMERS 

AIR -COOLED TRANSFORMERS 
WITH 10 VOLT SEC. TAPS 

THE ACME ELECTRIC & MFG. CO. 
CUBA, NEW YORK CLYDE, NEW YORK I -° 
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TUB 
(Continue 

12B7/14A7 
12B8 -GT 
12C8 
12H6 
12J5 
12 J5 -GT 
12K8 
12L8 -GT 
12SÁ7 
12SF7 
12SG7 
12SH7 
12SJ7 
12SK7 
12SQ7 
12SR7 

12Z3 
15 
19 
22 
24A 

25A6 
25A7-GT/G 
25AC5-GT/G 
25B5 
25B6-G 
25B8-GT 
25C6-G 
25L6 
25L6-GT/G 
25N6-G 
25Z5 
25Z6 

27 

28D7 
28Z5 

30 
31 
32 

32L7 -GT 

33 
34 
35 

35A5 
35L6 -GT 
35Z3 -LT 
35Z5 -GT /G 

36 

37 

38 
39/44 
40 

41 
42 
43 
45 

45Z3 
45Z5 -GT 

46 
47 
49 
50 

50L6 -GT 
50Y6 -GT /G 
5027 -G 

53 
56 
57 

E INDEX 
d from page 21) 

F43-12L 
TF13-12K 
DDF12-12M 
DD22-12M 
T25-12M 
T25-12K 
KTH11-12M 
PP13-12K 
KS25-12MS 
DF11-12MS 
F16-12MS 
F41-12MS 
F26-12MS 
F33-12MS 
DDT12-12MS 
DDT15-12MS 

R13-12U 
F25-2U 
AA14-1fU 
Q22-3f U 
Q24-2U 

P49-25M 
DP13-25K 
A18-25K 
tAi3-25U 
P51-25G 
TF15-25K 
B21-25G 
B25-25M 
B25-25K 
tA13-25U 
RR22-25U 
RR22-25M 

T15-2U 

B B 11-28L 
R44-28L 

T13-1fU 
A19-1fU 
Q26-1fU 

RB 11-32K 

P29-1fU 
F15-1fU 
Q13-2U 

B23-35L 
B25-35K 
R17-35L 
R19-35HK 

Q28-6U 
T17-6U 
P43-6U 
F53-6U 
T19-5fU 
P37-6U 
P31-6U 
P49-25U 
A17-2fU 

R31-45P 
R19-45HG 

Al2-2fU 
P33-2f U 
A14-2fU 
A13-7fU 

B25-50K 
RR22-50K 
RR24-50G 

AA16-2U 
T21-2U 
F22-2U 

58 F19-2U 
59 P33-2U 

70L7-GT RB13-70K 

71A A11-5U 
75 DDT12-6U 
76 T21-6U 
77 F22-6U 
7g F31-6U 
79 AA20-6U 
80 R22-5f U 
81 R15-7fU 
82 mR22-2f U 
83 mR24-5f U 
84/6Z4 R64-6U 
85 DDT13-6U 
89 P45-6U 

117L7/M7-GT RB15-117K 
117N7-GT RB17-117K 
117P7-GT RB15-117K1 
117Z6-GT/G RR26-117K 

954 
955 
956 

1201 
1203 
1204 
1231 
1232 
1284 
1291 
1293 
1294 
1299 

uF63-6A 
uT35-6A 
uF55-6A 

uT35-6L 
uD19-6L 
vF63-6L 
vF27-6L 
yF-29-6L 
vP14-12L 
vTT11-3fL 
vT37-1fL 
uD19-1L 
vB 13-3FL 

1612 kSl1 -6M 
1620 yF22 -6M 

(Continued on page 77) 

"SURCO- AMERICAN 

PRETESTED h L CowiGGlo!?í1 
" Surco- American" high quality flexible plastic tubing and insu- lated wire are pretested to stand up under a wide range of tempera- tures and under the most severe conditions because they are spe- cially formulated to ilneet the moat exacting requirements. Tubing' are available in inside diameters from .005" to 2 ". Dielectric strength averages 1500 volts per mil. thick- ness . . - Surco- American" flexi- ble plastic insulated wire is avail- able in all lengths and colors in wire sizes x12 to x48 A.W.Q. solid or stranded, shielded. tinned or silver plated coppe wire ass cable Technical bulletins and sam- ples on request. 

Address Dept. L 

If 

,? 

ELECTRIC AL INSJJLATION 
84 Purchase St. Boston. Mass. 
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NOMOGRAM DESIGN 

(Continued from page 30) 

10, and E scales of the N diagram are 
'ed ; A, C, and E are to be used 
gether and likewise for B, D, and 
. A and B are squared scales. 

Suppose we wish to find 1.5 (7.62 + 
52) : We first locate 7.6 on the R 

Kis and 6.5 on the X axis of the Z 

agram. The coordinate of these two 
imbers lies on the quadrant of one 

a family of circles whose common 
enter is at the origin. The intersection 
E this circle with the X axis is the 
nswer, which is 10.0 in this case. 
hould the coordinate lie on the quad - 
ant of a circle not shown on the 
iagram, the answer could easily be 

t und by interpolation. Now let us 
,ansfer 10.0 to the A scale and locate 
.5 on the E scale of the N diagram. 
he intersection of the line connecting 
lese two points with the C scale is 

le solution (see broken lines on the 
iagrams) . 
Having, in the preceding paragraph, 

hown the working principle of the 
iagrams, we are now in position to 
alculate the equivalent impedance of 

network. Let us therefore consider 
igure 2, and determine the equivalent 

mpedance of branches (a) and (b) 
irst, using equation 5 as reference. 

Rb (Ra2 + X: + Ra (Rb' + Xb2) 

ab 
(R. + Rb)' + (X. + Xb)2 

Xb(Ra2+ Xa2) + X. (Rb2 + XS') 
+ 

(Ra + Rb)2 + (X. + Xb)2 

;ubstituting 

4.6(6.42-}-4.82) +6.4(4.62+3.02) 
_ 

b 

(4.6 +6.4)2-}- (4.8 + 3.0)2 

3.0(6.42+4.82)+4.8(4.62+3.W) 
+ 

(4.6 + 6.4)2 + (4.8 + 3.0)2 

(Continued on page 78) 

NEW TUBE INDEX 
( Continnued from page 76) 

1629 
1631 
1632 
1635 
1642 
1644 

9001 
9002 
9003 
9004 
9005 
9006 

IT22-12G 
B17-12M 
B25-12M 
AA 15-6K 
TT21-6MU 
PP15-12K 

uF63-6P 
uT35-6P 
uF53-6P 
uD13-6A 
uD15-6A 
uD 17-6P 

(Continued on page 78) 

zeciocorn FOR WAR AND PEACE 

PLUGS & 

CONNECTORS 

Signal Corps and 
Navy Specifications 

Types: P L 

50 -A 61 74 114 150 

54 62 76 119 159 

55 63 77 120 160 

56 64 104 124 354 

58 65 108 125 

59 67 109 127 

60 68 112 149 

PLP PLOT 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 

NAF 
1136-1 No. 212938-1 

Other Designs to Order 

Remler craftsman die -sinking a mutiple 
mold for Signal Corps Connectors 

REMLER DESIGNS and manufactures 

tools and dies, plastic moldings and 

screw machine products and combines 

these products of its own manufacture 

into electronic devices and complete 

communication equipment. The skill, ex- 

perience and services of this firm, which 

date back to the infancy of these indus- 

tries, is available to those engaged in 

war production and peace -planning. 

Remler facilities and production tech- 

niques frequently permit quotations at 

lower prices. 

Wire or telephone if we can be of assistance 

REMLER COMPANY, LTD. 

2101 Bryant St. San Francisco, 10, California 

REMLER 
/SINCE 

1918 n 
ignnounc[ny ÌS (_ ommunication S ui ment 
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CURRENT awe VOLTAGE 
FLUCTUATION 

REDUCED 

VOLTAGE OF 24V WITH AMPERITE 
BATTERY ó CHARGER , VOLTAGE VARIES 

VARIES APPROX. 
! ONLY 

WITH 

AMPERITE 
REGULATORS 

eatevred 
1. Amperites cut battery voltage fluctua- 

tion from approximately 50% to 2%. 
2. Hermetically sealed - not affected by 

altitude, ambient temperature, humidity. 
3. Compact, light, and inexpensive. 
Used by U.S. Army, Navy, and Air Corps. 

DELAY RELAYS: For delays from 1 to 100 seconds. Hermetically sealed. Unaffected by altitude.. , . Send for catalogue sheet. 

ENGINEERS This 4 -page folder will help you solve 
Current and Voltage Problems: contains much valuable data in practical form -- Write for your copy now. 

AMPERITE CO., 561 Broadway, New York (12), N. Y. 
In Canada: Atlas Radio Corp., Ltd., 560 King St., W. Toronto 

HAYDU BROS 

v 
PERFECT FORM -both its manufacture and performance, is more essential 
now than ever, if you are driven by war time speed, and the constantly growing 
need for greater production. 

The traditionally dependable performance of Mayen Bros.Burner equipment, 
has been an assurance of ' rntptetl economical production. 

Today. thousands of Haydn Bros, Bunter.. in many styles and sixes, for Oas, 
Air and Oxygen. are used in plants of the general glass working industry from 
coast to coast. helping to speed those essential oniers. 

Specially designed Burners. Torches, Cross- 
fire. and ,fliaers to meet your requirentents. 

H.-1 VDU BROTHERS 

WRITE FOR 

LATEST 
BULLETIN 

PLAINFIELD NEW JERSEY 

78 COMMUNICATIONS FOR JANUARY 1944 

NOMOGRAM DESIGN 
(Continued on page 77) 

Using the Z diagram we get 

4.6(8.0)2+ 6.4(5.5)2 

(13.5)1 
3.0(8.0)2+ 4.8(5.54 

+j 
(13.5)1 

Transferring to the N diagram we gr 

297 + 194 192 + 144 
+j 

(13.5)2 (13.5)2 
491 336 

or - j 
(13.5)2 (13.5). 

This step is accomplished by laying 
off the square on the A scale and din 
multiplier on the E scale. The resultan 
is found on the C scale. 

491 336 
= 2.65 = 1.8 

(13.5)2 (13.5)2 
or 20.b =2.65+ j 1.F 

This step is accomplished by laying 
off the square on the A scale and the 
whole number on the C scale. The re -, 
sultant i. found on the A scale. 

Completing the Solution 

To complete the solution of this ex- 
ample, it is merely necessary to com- 
bine this resultant with the third part 
of the problem, using equation 6. The 
detailed solution of this part is not 
shown, but the final result is. Z,,, = 3.0 + j 0.96 

The Z diagram also permits graphi- 
cal solution of the magnitude of im- 
pedances whose equations are in the 
form of Z = (R2 + X2)% for any 
value of R and X, provided a suitable 
factor such as 0.1, 0.5, 10.0 or 100 is 
chosen to multiply the constants so that the problem can be applied to the range for which the diagram is in- 
tended. The result, of course, will have to be multiplied by the reciprocal 
of this original factor. This procedure 
likewise applies to parallel circuits, if the given constants are greater than the R or X scale. 

To illustrate, let us take the following problem. To determine 
Z = (552+ 1042) %, use a factor, say 
0.1 and locate 5.5 and 10.4 on the R and X axes respectively. The coordi- nate of 5.5 and 10.4 falls on the quad- rant of a circle cutting the X axis at 11.77. The final solution is 10 X 11.77 or 117.7. 

THINK TWICE BEFORE YOU CRUMPLE A PIECE OF PAPER. IT'S A AMMUNITION FOR VICTORY. SAVE 
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QUARTZ 
(Continued from page 52) 

-ystal in addition to allowing suffi- 

ent quartz to be removed for the 
, imination of edge chips and cracks. 

The crystal may be squared as a 

>ugh cut or later on in the process, 
rhaps within the lapping procedure. 

Rough cuts are generally .040" to 

50" thick. The final thickness of the 
mpleted oscillator plate may be any- 
ere from .008" to .020" thick. The 

,moval of quartz from the surface of 

e rough cut is accomplished by a lap- 

ng process. The most desirable type 

lapping machine is a planetary type 

p. In the planetary lap device, each of 

. le crystals are placed within the pen- 
tgonal holes of gear-toothed discs 
ing on the serrated lapping plate. 

ihe outer ring gear rotates at approx- 
inately /3 the speed of the inner gear. 
"his causes the crystal carrier to exe- 

ite a rotary motion about its own 

2nter in addition to rotating about 
le axis of the two driving gears. 
Ising the proper gear ratios the lap 

lay be so designed that each portion 
f the lap plate will be covered equally 
y crystals moving over its surface. 
'his keeps the lap plates flat. 

Lapping is accomplished by load- 

tg each of the geared crystal carriers 
rith 6 crystals. They are then placed 
a a cast iron serrated plate, similar 
D the bottom plate, on top of the 

. rystals. The top plate is held fixed 
s is the bottom plate and the crystals 
.re dragged between the two plates 
vhile an abrasive and lubricant mix- 
ure is applied through feed holes in 

he top plate. 
Lapping is generally done by using 

.everal grades of abrasive, starting, 
vith the coarsest and going to the 
!nest. The grades of abrasive in corn- 
non use are 320 and 600 silicon car- 

's (Continued on page 80) 

0'6 

TC9p 

Cg 

Figure 15 

Equivalent circuit of a crystal oscillator plate 
between two air-gap type electrodes. R, L 
and C, are the inherent tank circuit con- 
stants of the oscillator plate. C, represents 
the equivalent shunt capacity of the crystal 
itself. Cg represents the series capacity 
introduced by the presence of the electrodes 
on each side of the crystal. Cgr represents 

the shunt capacity formed by 
the metal electrodes. 

We Can Deliver 

TRANSFORMERS 
In A Hurry! 

If You Have Priority Rating 
Priority deliveries of a few weeks instead of many months 

are now possible because of recent greatly increased 

production facilities. 

Consolidated Radio Products Company manufactures a 

wide range of small and medium transformers, including 

Pulse Transformers, Solenoid Coils and Search Coils. Other 

products include Range Filters and Headsets. 

elic,mic an ala d smetie Oettizes 

l'i RADIO 
d'todee41 Wornjtemy 

350 W. ERIE ST- CHICAGO 10. ILL. 
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Crystal Holder Sockets 
33002 and 33102 

Plus new 33202 for CR1 
In addition to the Original 33002 and 
33102 exclusive Millen "Designed for 
Application" steatite crystal holder sock- 
ets there is now also available the new 
33202 for the new CR1 holder. Essential 
Data: 

Type P n Dia. Pin Spacing 
33002 

. 125 .750 
33102 .095 .500 
33202 .125 .500 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 

QUARTZ 
(Continued from page 79) 

bide and 303 or 303/ aluminum oxide 
in the order named. Lapping in the 
finer stages must remove enough 
thickness of quartz so that the abra- 
sive scratches caused by the coarser 
abrasive will be completely removed. 

Another lapping procedure which 
has been found to work successfully 
utilized the Q -Lap, a diamond wheel 
type of lap, which abrades one side of 
the crystal at a time. Crystals coming 
from the Q -lap are then lapped in the 
600 grit abrasive and then in 303 or 
303/ as formerly described. 

Meeting a schedule of crystal fre- 
quencies require that the end product 
of the lapping procedure results in 
flat crystals with parallel faces and 
close enough to the final frequency 
so that they may be individually fin- 
ished by hand. The hand finisher may 
receive crystals from the lapping de- 
partment at frequencies from 5 to 50, 
kilocycles below the desired frequen- 
cy, depending upon the technique and 
the apparatus used to finish the cry- 
stal. This requires that fairly accurate 
measuring equipment be available so 
that this tolerance of frequencies may 
be maintained and checked. Several 
types of frequency measuring appara- 
tus have been used. A calibrated re- 
ceiver with a bandspread dial is per- 
haps the simplest. Spot frequencies 
are located with pre -calibrated stand- 
ard frequency crystals. A direct 
reading frequency meter may be con- 
structed with a stable electron -coupled 
oscillator calibrated directly in fre- 
quency, providing a signal beating 
against the test crystal in a test os- 
cillator. Frequency is measured by 
tuning the eco to zero beat with the 
test crystal signal. Another type of 
frequency measuring device utilizes 
two crystal oscillators ; one a stand- 
ard and the other the test oscillator. 
The beat between the two is measured 
with a direct reading frequency meter 
counter circuit. Perhaps the most ele- 
gant device is a cathode -ray oscillo- 
graph with proper sweep frequency 
circuits which will spread the desired 
spectrum of frequencies over the 
screen. 

The tolerance for crystal oscillator 
plates delivered to the hand finishing 
room is generally of the order of -5 
to -50 kilocycles from final frequency. 
It is the hand finishers' job to remove 
additional matter from the 'surface of 
the oscillator plate so that its fre- 
quency is raised the proper amount. 
The removal of quartz from the sur- 
face of the oscillator plate is normally 
done by abrasion. 

Tools used by the finisher include a 

Antennas To Maintaii 
Communications 

. oll sea 
... on land 

Premax is now furnishing Tubular Metal, 
Antennas in many different designs and 
with many different mountings. They 
are doing an outstanding service in the 
armed services of the Allied Nations 
under most trying conditions. 

Send for sketches of Standard de- 
signs . . . or details of special designs 

' 

if required. 

P e.m ax FA clu c 
Division Chisholm -Ryder Co., Inc. 

4401 Highland Ave., Niagara Falls, N. 
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CETRON1 
PHOTOTUBES 

Used by leading manufacturers.. 
RECTIFIERS 

Praised for sturdy construc 
fion . , . long life. 

ELECTRONIC TUBES 
Preferred throughout the industry. 

Prompt deliveries on most 
types. Write for catalog, 

CONTINENTAL ELECTRIC COMPANY 
GENEVA, ILL. NM, IN.VCI 

161 W 14, SI 
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t 

flat glass plate about 8" in diameter, 

very loose abrasive mix of 303/ em- 

ery or finer, mild soap solution or 

soapless soap solution substitute, tooth 

brush, cup of ammonium biflouride, 
pair of plastic print developing tongs 

commonly used in the photographic 
dark room and a frequency and activ- 
ity measuring device. 

4 In finishing, the following ' proce- u 

idure is used: The crystal which has 
arrived from the channel checkers is 

first scrubbed with soap and water and 
dried with compressed air after which 
its frequency is checked. The finisher 
then proceeds to lap the crystal on the 
glass plate using a light abrasive mix- 
ture, applying pressure to the crystal 
very lightly making a spiral or figure 

i, eight motion. If large pressures are 
applied locally, hollows may be ground 
on the surface of the crystal next to 

the lapping plate. This is undesirable 
and may be eliminated by the use of a 

small square or round flat glass back - 
i ing for the crystal. Then if pressure 

l'i is applied to the glass backing, that 
;,4 pressure is more likely to be evenly 

distributed over the surface of the 
crystal so that uniform lapping will 
occur. From experience, finishers 

' judge their lapping times. Periodic 
frequency checks are made during the 
hand finishing process until sufficient 
quartz has been removed from the 
surface so that the crystal oscillates at 
the proper frequency. 

A good cleansing agent for the crys- 
tal surfaces is ammonium bifluoride. 
Since ammonium biflouride dissolves 
quartz, the frequency of the quartz 
oscillator plate is kept several kilo- 
cycles lower than final frequency be- 
fore being dipped into the ammonium 
biflouride. 

Often the activity of the quartz 
crystal oscillator plate will decrease as 
the hand finishing operation proceeds. 
This decrease may be caused by vari- 
ous factors. If the oscillator plate is 
thrown out of flat or if the major sur -. 
faces become non -parallel, the activity 
of the oscillator plates is likely to de- 
crease. If interfering modes of vibra- 
tions occur at the final frequency, the 
energy of vibration may be divided 
amongst them or the net vibration may 
drop to zero. The BT- oscillator plate 
has few interfering coupled modes of 
vibration. The effect of coupled flex- 
ure modes of vibration may be mini- 
mized by the adjustment of the length 
of the X -axis. The effect of coupled 
face shear modes may be minimized by 
altering the ratio of edge dimensions. 

The edges are ground or lapped on 
a glass plate using a similar wet abra- 
sive mixture as for final hand lapping, 

(Continued on page 91) 

5ker 
race. 

THE face of a meter is disarming enough. It can tell the 

truth or it can bluff without any change of expression. 

That's why you must look to the maker of the meter - 
rather than to the meter itself -for proof of responsibility 

and accuracy. If it is made right, it tells the truth. 

Boes measuring, metering, and testing instruments are 

built for sustained accuracy * -to provide the sciences, the pro- 

fessions, and the world of production with instruments of 

character - instruments that never bluff- instruments that 

are built expressly for the service they are expected to 

render and the circumstances under which they must operate. 

* SUSTAINED ACCURACY is not an easy quality to achieve. It 

must take into account all factors of use -must then employ the 

design, the alloys, the construction that infallibly 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. 

Oa instruments 

for Measuring, Metering ¢'7 Testing Equipment 

THE W. W. BOES COMPANY, DAYTON, OHIO 
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INDEX TO COMMUNICATIONS, 1943 
(Continued from page 56) 

Crystals, Qua r t z, Orientation of ; 

Sydney X. Shore Nov. 30 

D 

Dawes, H. H.; Care and Maintenance 
of Test Equipment Nov. 97 

David, W. R.; F -M Studio- To -Trans- 
mitter Links Dec. 15 

Detectors, Super - Regenerative, in 
U -H -F ; Art H. Meyerson Mar. 16 

Dewalt, F. C. and Walker, W J.; 
Water -Cooled Transmitting Tubes 

Jan. 20 
Developments of 1942; Guy Barlett 

Jan. 51 
Dielectrics, Ceramic, (G r ay; S e e 

Rochester Meeting Report) ...Nov. 23 
Direction Finder, Bellini -Tosi, Analy- 

sis of ; Harvey Pollack Jan. 33 
Draftsmen, Training with Slide -Films ; 

L. S. Metcalfe Oct. 35 
Druesne, Maurice A. A.; Quartz 

Crystals (Types, Modes of Vibra- 
tion, Methods of Manufacturing) 

Sept. 46 
Dual - Channel Receivers ; Art H. Mey- 

erson Aug. 56 
Duplex Loudspeaker, The ; James B. 

Lansing Dec. 22 

E 

Easton, Ivan G.; Coil and Condenser 
Measurements at Audio Frequencies 

Sept. 21 
Ebel, A. James; Characteristics of 

High Fidelity Systems (Part I) Apr. 38 
Ebel, A. James; High Fidelity Sys- 

tems (Part II) May 24 
Ebel, A. James and Kenneth Guge; 

Wartime Master Control Console 
Sept. 42 

Elbl, L. A.; The Sawroom in Crystal 
Production March 13 

Emergency Circuits for Level Equal- 
izing and Anti -Side Tone Control ; 

Donald Phillips Feb. 30 
Emergency Radiotelephone System ; 

Donald Phillips Mar 38 
Equalization, Pre- and Post -, Factors 

Affecting ; John K. Hilliard.. Sept. 30 
Equalizing, Level, for Emergency 

Circuits ; Donald Phillips Feb. 30 
Equipment, Test, Care and Main- 

tenance of ; H. H. Dawes.... Nov. 97 
Everett, Frederick C.; A Rectagular 

Wave -Guide Nomogram Aug. 24 
Everett, Frederick C.; Circular Wave - 

Guide Nomogram Sept. 86 

F 

Fader Control Circuits, and Mixer 
Design ; Paul B. Wright Nov. 44 

Fader and Mixer, Control, Circuit 
Design of ; Paul B. Wright Dec. 44 

Fawcett, Jr., Lieutenant Walter W.; 
The Army Communications Air- 
ways System Nov. 38 

Feli.r, Fremont; The Amplidyne..July 72 
Filament, "Stepper- Downer" ; H. B. 

Glatstein Sept. 28 
Filters, Aircraft Radio Noise ; C. W. 

Fricke and S. W. Zimmerman.. July 32 
Filters, Wave, The Circle Diagram 

of, (Part I) ; Paul J. Selgin ..Oct. 20 
Filter Design by the Circle Design 

Method (Part II) ; Paul J. Selgin 
Nov. '58 

Fire Fighting, Pack Communications 
Equipment for, (Part II) ; Art H. 
Meyerson Jan. 14 

Fourier Analysis, in the Design of 
Antenna Arrays ; Nathan Marchand 

Aug. 16 
Frankel, Sidney; Characteristic Func- 

tions of Transmission Lines ..Mar. 32 
Frankel, Sidney; Closed -Form Steady - 

State Response of, Networks ( Part 
I) Apr. 30 

Frankel, Sidney; Closed -Form Steady - 
State Response of, Networks (Part II) May 38 

Frankel, Sidney; The Complex Vari- 
able (Part I) Set. 62 

Frankel, Sidney; The Complex Var - 
able (Part II, Application to Solu- 
tion of Two - Dimensional Field 
Problems) Oct. 50 

F -M, I -F Design for, (Parker ; See 
Rochester Meeting Report) ..Nov. 23 

Frequency Modulation, Receiver De- 
sign ; Louis Pressman July 13 

F -M Studio -to- Transmitter Links ; 

W. R. David Dec. 15 
F -M and U -H -F ; Raymond F. Guy 

Aug. 30 
Fricke, C. W. and S. W. Zimmer- 

man ; Aircraft Radio Noise Filters 
July 32 

G 

Gellerup, Daniel W.; Portable Com- 
munication System for Divers..Aug. 60 

Generators, Accuracy Considerations 
in Standard Signal ; J. B. Minter 

Jan. 7 
Gifford, F. A.; Radio and Telephone 

Service May 30 
Glatstein, H. B.; A Filament "Stepper - 

Downer" Sept. 
Goldwasser, S. R. ; The Phase -Control 

Circuit Nov. 78 
Goniometer, Radio Range, The ; Wil- 

liam W. Macalpine Dec. 36 
Guides, Wave, and V -H -F Tubes ; 

Ralph G. Peters July 30 
Guy, Raymond F. ; F -M and U -H -F 

Aug. 30 

28 

H 

Haigis, Dr. Carleton D.; U -H -F Cir- 
cuit Contours Feb. 17 

Hedrick, Phil F.; Transmitter In- 
stallation in a Low Land Area July 18 

Helt, Scott; A High Voltage Plate 
Power Supply ' Apr. 22 

High Fidelity Systems, Characteristics 
of, (Part I) ; A. James Ebel Apr. 38 

High Fidelity Systems, Characteristics 
of, (Part II) ; A. James Ebel May 24 

High Frequency Response of Video 
Amplifiers (Part II) ; Albert Preis- 
man Jan. 29 

Hilliard, John K.; Synthetic Rever- 
beration Aug. 62 

Hilliard, John K.; Factors Affecting 
Pre- and Post -Equalization ...Sept. 30 

Hilliard, John K. ; A Limiting Am- 
plifier May 13 

Hoadley, George B.; An Analysis of 
R -F Transmission Lines Feb. 22 

Hoadley, George B. and William A. 
Lynch; Transients in Coupling Cir- 
cuits, (Part 1) June 32 

Hoadley, George ts. and William A. 
Lynch; Oscillograms of Coupling 
Circuit Transients (Part II) July 22 

Hudson, Paul K.; The Input Admit- 
tance of Vacuum Tubes Aug. 54 

Hudson, Paul K. ; Modulation Waves 
Oct. 117 
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Hyper Frequencies, ( See Megacycles, 
100, etc.) ; W. L. Widlar....June 

1 

Impedance Problem Solutions on the 
Slide Rule; Robert C. Paine.. Dec. 58 

Inductance, Alignment Chart, of a 
Coil with Distributed Capacity; 
Robert C. Paine Sept. 60 

Inductance, Negative, Properties of ; 

C. Brunetti and J. A. Walschmitt 
June 14 

Inductance, Nomogram for a Circular 
Ring ; T. S. E. Thomas Jan. 55, 

Inductance, Nomogram for Two Par- 
allel Wires ; T. S. E. Thomas Feb. 36 ,1 

Inspection, of Quartz ; Sidney X. f 

Shore Oct. 28 J 

Installation, of Transmitter in Low 
Land Area ; Phil F. Hedrick ..July 18 

Installations, Transmitter, Wartime ; 

B. T. Wilkens Aug. 40 É 

IRE Winter Convention, A Report 
on the 1943 ; Lewis Winner.... Feb. 15 i 

I -F, F -M Receivers, (Parker ; See 
Rochester Meeting Report) Nov. 23 

I -F System Design (Maynard; See ' 

Rochester Meeting Report) Nov. 27 
Interpolation Oscillator, Direct Read- 

ing ; R. J. Miller Dec. 20 
Iron Cores, A Study of ; S. Young 

White June 42 

K 
Kasper, Henry, (Biography) ...April 60 
Kinsey, D. K.; Radio Noise In Small 

Aircraft May 34 
Kopetzky, Karl A.; Low Frequency 

Radiation from Short Mobile An- 
tennae Nov. 66 

L 
Lansing, James B. ; The Duplex Loud- 

speaker Dec. 22 
Lifeboat, Two -Way Radio ; Irving F. 

Byrnes Sept. 17 
Limiting, l.mpaer ; John K. Hilliard 

May 13 
Lines, R -F Transmission, Analysis 

of ; George B. Hoadley Feb. 22 
Lines, Transmission, as Reactors ; Dr. 

Victor J. Andrew Apr. 28 
Lines, Transmission, Characteristics 

of ; Sidney Frankel Mar. 32 
Line, Transmission, Minimum Loss 

Load ; Dr. Victor J. Andrew Aug. 26 
Links, F -M, Studio -To- Transmitter; 

W. R. David Dec. 15 
Loudspeaker, Duplex, The ; James B. 

Lansing Dec. 22 
Lynch, William A.; Video Amplifier 

L -F Correction Apr. 16 

M 
Macalpine, William, W. ; The Radio 

Range Goniometer Dec. 36 
MacLean, G. ; The Massachusetts 

.State Police System May 32 Maclean, W. R.; The Synchroniza- 
tion of Oscilloscope Sweep Circuits 

Manpower, Problem, The (Miles See 
23 

IRE Winter Report) Feb. 16 Maintenance, Aircraft Radio ; Char- 41 les W. McKee Aug. 64 Maintenance and Care of Test Equip- ment ; H. H. Dawes Nov. 97 
(Continued on Page 84) 
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9 
Quartz 
Crystals 

for 

Frequency Control 
and 

Special Applications 
are 

Accurate, and 
Dependable 

We are equipped to handle any type or 
size order. May we quote you on your 
future requirements? Immediate delivery. 

R9 Crystal Company, Inc. 
907 -909 Penn Ave. Pittsburgh, Penna. 

Have you tried RUBYFLUID? f 
Y You'll find Rubyfluid Flux, Paste nLL °YJ 

and Ruby's Stainless Steel Flux fast 
acting and easy to use. Produces 
neat, strong joints, without fuss or 

r bother. Gives off no objectionable 
or harmful fumes. Ideal for 
intricate and large work. See 
jobber or write direct. 

both 
your 

RUBY CHEMICAL CO. 
62 McDOWELL ST., COLUMBUS, OHIO 

I 

CUSTOM BUILT 
AMPLIFIERS, OSCILLOSCOPES 

INDUSTRIAL CONTROLS 

INDUSTRIAL ELECTRONICS, INC. 
21 HENRY DETROIT 1, MICH. 

CRYSTALS by r II 3tCAYn 
Thousands of vita! transmitting installations rely on the accuracy and 
dependability c Hipower Precision Crystal units. With recently enlarged 
!eoliths', Hipower is maintaining greatly increased production for all 
important services. When essential demand begins to return to normal, 
Hipcwer 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. 

,/ r 
to the 

Engineered for 
FASTER CONTACT BREAK 
You can now design your product for better Snap Action 
Switches. 

1. Better contact pressure is maintained until the 
snap- action is actually begun. 

2. The contacts break with maximum accelerating force. 

Those two facts account for the rapidly rising preference 
for ACRO -SNAP Switches. The spring forces involved are 
engineered to compel one spring to "trigger" the other. 
So regardless of how slowly the actuating member is oper- 
ated, the contacts break with optimum acceleration. Care- 
ful analysis also shows that good contact pressure is 

maintained until the snap- action suddenly takes place. 
These facts are borne out by laboratory tests in industry 
and by record breaking performance in all branches of 
the Armed Forces. In writing, kindly explain details of 
applications you contemplate. 

ACRO ELECTRIC COMPANY 
1319 Superior Avenue, Cleveland 14, Ohio 

1.0 NewrUtnw! lYenegrr 

Op,ve Blailc tiuiü/ - 
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* They look, measure 
and operate the same 
- these Clarostat wire -wound 
and composition -element 
midget controls. Fully inter- 
changeable, mechanically. 
Can be made up in various 
tandem assemblies. 
Clarostat Type 37 midget com- 
position- element controls have 
been available for several 
years past. Their stabilized 
element has established new 
standards for accurate resist- 
ance values, exceptional im- 
munity to humidity and other 
climatic conditions, and long 
trouble -free service. 1 watt. 
500 ohms to 5 megohms. 
And now the Clarostat Type 
43 midget wire -wound is also 
available, to match Type 37- 
matched in appearance, 
dimensions, rotation, switch. 
2 watts. 1 to 10,000 ohms. 
For neatness, compactness, 
convenience, trouble -free op- 
eration -just specify Clarostat 
matched midget controls. 

* Write for literature .. 

CUROSTAT MFG. CO., Inc. 285.1 N. 6th St., Brooklyn, N.Y. 

1943 INDEX 
(Continued from page 82) 

Maintenance of Surface Line Mobile 
Communications ; Donald Phillips 

July 46 
Marchand, N.; The Design of An- 

tenna Arrays by Fourier Analysis 
Aug. 16 

Master Control, Wartime Console ; 

A. James Ebel and Kenneth Gage 
Sept. 42 

McKee, Charles W.; Control Systems 
in Aircraft Communications... Jan. 52 

McKee, Charles W.; Aircraft Com- 
pass Calibration Mar. 9 

McKee, Charles W.; Aircraft Calibra- 
tion Systems Apr. 46 

McKee, Charles W.; Aircraft Radio 
Maintenance Aug. 64 

McNicol, Donald; The Development 
of the Push -Pull System, (Part I) 

Nov. 17 
McNicol, Donald; The Development 

of The Push -Pull- System (Part II) 
Dec. 62 

Measurements, Coil and Condenser, 
at Audio Frequencies ; Ivan. G. Eas- 
ton Sept. 21 

Measurements, Impedance, Carrier 
Current ; Perry E. Wightman and 
Henry H. Lyon Sept. 32 

Meeting, Rochester Fall Oct. 26 
Meeting, Rochester Fall, Report ; 

Lewis Winner Nov. 20 
Megacycles, 100, and Beyond ; W. L. 

Widlar June 11 
Metcalfe, L. S.; Slide -Films for 

Training July 54 
Metcalfe, L. S.; Training Draftsmen 

with Slide -Films Oct. 35 
Meyerson, Art H.; Pack Communica- 

tions Equipment for Fire Fighting 
(Part II) Jan. 14 

Meyerson., Art H.; Super- Regenera- 
tive Detectors in U -H -F Mar. 16 

Meyerson, Art H.; An U -H -F S -R 
Receiver for Laboratory Study 

Apr. 13 
Meyerson, Art H.; U -H -F Design 

Factors June 20 
Myerson, Art H.; Dual- Channel Re- 

ceivers Aug. 56 
Meyerson, Art H. Production En- 

gineering at U -H -F Oct. 17 
Microphone, Application of The 

Throat; Jay Shawn Jan. 11 
Microwaves (Dr. Southworth ; See 

IRE Winter Report) Feb. 46 
Minter, J. B.; Accuracy Considera- 

tions in Standard Signal Generators 
Jan. 7 

Miller, R. J.; Direct Reading Inter- 
polation Oscillator Dec. 20 

Mixer and Fader Control Circuit De- 
sign (Part I) ; Paul B. Wright 

Nov. 44 
Mixer and Fader, Control, Circuit 

Design of, (Part II) ; Paul B. 
Wright Dec. 44 

Mobile, Antennae, Low Frequency 
Radiation from ; Karl A. Kopetzky 

Nov. 66 
Mobile Communications, Mainte- 

nance ; Donald Phillips July 46 
Modes of Vibration of Quartz Crys- 

tals Maurice A. A. Druesne.. Sept. 46 
Modulation, Waves ; Paul K. Hudson 

Oct. 117 
Murcek, S. J.; Piase- Control Recti- 

fiers Oct. 62 
Murphy, J. J.; Utility Communica- 

tions May 73 

N 

Navigation Aids in Aircraft Commu- 
nications ; Ralph G. Peters June 50 

SI COMMUNICATIONS FOR JANUARY 1944 

STAMPING GROUNDS 

For Small Tough Jobs 

METAL STAMPINGS, inf. 
Division Of THE FRED GOAT CO., INC. 

Machinery Specialists since 1893 
320 DEAN STREET, BROOKLYN, N. Y. 

SCALES, GAUGES, 
CALCULATORS, 

CHARTS, DIALS, ETC. 

Impervious to moisture, grease, 
oils, acids, alkalis. 
Printing guaranteed not to wash 
or rub off. 
Non - inflammable, non - corrosive 
plastic. 
Printed and laminated vinylite and 
cellulose acetate. 

6AMPLES AND ESTIMATES GLADLY SUPPLIED ON REQUE6f WRITE DEPARTMENT L. I. 

E HOPP PRESS, INC. 
PRINTING - FABRICATING -- FORMING 

460 W. 34th STREET, N. Y. C. 
ESTABLISHED 1A9 
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Negative Inductance, Properties of ; 

C. Brunetti June 14 

Networks, Multiple Bridging ; Paul B. 
Wright Sept. 34 

Networks, Multiple Bridging (Graph- 
ical Solutions) ; Paul B. Wright 

Nov. 108 

etworks, Steady -State Response of ; 

Sidney Frankel (Part I) Apr. 30 
etworks, Steady -State Reponse of ; 

Sidney Frankel (Part II) May 38 
oise Filters, for Aircraft Radio ; 

C. W. Fricke and S. W. Zimmer - 
man July 32 
omogram for Circular Wave -Guide ; 

Frederick C. Everett Sept. 86 
omogram for Inductance of Two 
Parallel Wires ; T. S. E. Thomas 

Feb. 36 
omogram for Inductance of a Circu- 
lar Ring ; T. S. E. Thomas.... Jan. 55 

omogram for Rectangular Wave - 
Guide ; Frederick C. Everett Aug. 24 
orris, Roy C.; Britain's Radio Sys- 
tem May 11 

O 

Orientation of Quartz Crystals ; Sid- 
ney X. Shore Nov. 30 

Orientation Devices, Quartz, The Use 
of ; Sidney X. Shore Dec. 24 

Oscillator, Interpolation, Direct Read- 
ing ; R. J. Miller Dec. 20 

Oscilloscope Sweep Circuits, Synchro- 
nization of ; W. R. MacLean Mar. 23 

Operational Calculttt Methods ; I. 
Queen Feb. 37 

P 

Paine, Robert C.; A Reciprocal Slide 
Rule July 

Paine, Robert C.; An Alignment 
Chart ( For True Inductance of a 
Coil with Distributed Capacity) 

Sept. 
Paine, Robert C.; Impedance Prob- 

lem Solutions on the Slide Rule 
Dec. 

Peters, Ralph G.; Automatic Air- 
craft -Radio Recorder Feb. 

Peters, Ralph G.; Test -Flight Radio 
Recorder Mar. 

Peters, Ralph G.; Navigation Aids in 
Aircraft Communications June 

Peters, Ralph G.; V -H -F Tubes and 
Wave Guides July 

Phase -Control Circuit, The ; S. R. 
Goldwasser Nov. 

Phase - Control Rectifiers ; S. J. Mur - 
cek Oct. 

Phillips, Donald; Emergency Circuits 
for Level Equalizing and Anti -Side 
Tone Control Feb. 

Phillips, Donald; Emergency Radio- 
telephone System Mar. 

Phillips, Donald; Mobile Communi- 
cations for Surface Line Mainte- 
nance July 

Power Supply, A High Voltage 
Plate ; Scott Helt Apr. 

Preisman, Albert; High Frequency 
Response of Video Amplifiers (Part 
II) Jan. 

Pressman, Louis; F -M Receiver De- 
sign July 

Pressman., Louis; Squelch Systems 
Sept. 

Police System, Massachusetts State ; 

G. MacLean May 
Pollack, Harvey; An Analysis of the 

Bellini -Tosi Direction Finder .. Jan. 
Power Equipment and Noise (Aggers- 

Pakala- Stickel ; See IRE Winter 
Report) Feb. 

' Power Circuits and Reception (Foust- 
Frick ; See IRE Winter Report) 

Feb. 64 

16 

60 

58 

11 

44 

50 

30 

78 

62 

30 

38 

46 

22 

29 

13 

72 

32 

33 

73 

service problem there pin problems; bring Your only pi scor e daY to take 
leaae bring but p enoug 

just aren't 
any others. CONVERTERS 

GE care OTORS AM N- E MOTORS 

GENERATORS . DPOWER PLANTS 

MOTORS ' 

EN'E'H1otOR G 
p/O 

HEER ILL. 

CHICAGO 
DICKENS 

AVE., 
YORK 7, U.S.A.. 

5841 WES* 25 `WARREN 
ST., YORK 

Export Address: oNTRICE, 

Coble Address: 
SIM 

;UV MORE 

Production Engineering at U -H -F ; 

Art H. Meyerson Oct. 17 

Production, of Crystals, in the Saw - 
room ; L A. Elbl Mar. 13 

Production, of Quartz Crystals May 22 
Properrties of Negative Inductance ; 

C. Brunetti and J. A. Walschmitt 
June 14 

Push -Pull System, The Development 
of (Part I) ; Donald McNicol. Nov. 17 

Push -Pull System, Development of 
The (Part II) ; Donald McNicol 

Dec. 62 

Q 

Quartz, Inspection, Giading and Clas- 
sification of ; Sidney X. Shore. Oct. 

Quartz Crystals, The Orientation of ; 

Sidney X. Shore Nov. 30 
Quartz Orientation. Devices and Saw- 

ing Equipment, The Use of ; Sid- 
ney X. Shore Dec. 24 

Queen, I.; Operational Calcalus Meth- 
ods Feb. 37 

R 

Radiation, Low Frequency, from Mo- 
bile Antennae ; Karl A. Kopetzky 

Nov. 66 
Radio and Telephone Service ; F. A. 

Gifford May 30 
Radio Range, Goniometer, The ; Wil- 

liam W. Macalpine Dec. 36 

28 (Continued on page 86) 
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Fisher Radio Pilot Direction Finder 
and Marine Radio Telephone 

Marine Telephones 
Direction Finders 
Mobile Radiophones 
Commercial Radio Receivers 
Electronic Equipment 
Telescope & Whip Antennas 

Complete details 
on request 

FIS HER RE5EARCH LABORATORY 
P p L R L T, C A L 

LAB!), 
N I R 

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 atte: tion. 

Write for Bulletin 96C 

EASTER 
d6 COMMUNICATIONS FOR JANUARY 1944 

N794 E. 140th St., New York 54, N.Y. 

AMPLIFIER CORP, 

1943 INDEX 
(Continued from page 85) 

Radiotelephone, Emergency System; 
Donald Phillips Mar. 38 

Reactors, Transmission Lines as ; Dr. 
Victor J. Andrew Apr. 28 

Receiver, An U -H -F S -R, for Labo- 
ratory Study ; Art H. Meyerson j 

Apr. 13 #` 

Receiver Design for F -M ; Louts 
Pressman July 13 

Receivers, Dual- Channel ; Art H. 
Meyerson Aug. 56 

Recorder, Radio, Automatic Aircraft ; 

Ralph G. Peters Feb. 11 
Recorder, Radio, Test -Flight ; Ralph 

G. Peters Mar. 44 
Rectangular Wave -Guide Nomogram; 

Frederick C. Everett Aug. 24 
Rectifiers, Phase -Control ; S. J. Mur- 

cek Oct. 62 
Reverberation, Synthetic ; John K. 

Hilliard Aug. 62 
Rochester Fall Meeting, A Report on 

the ; Lewis Winner Nov. 
Rules, Slide, RSS and Parallel R -X ; , 

Warren G. Brown Oct. 70 1 

Rules, Slide, Impedance Problem So- 
lutions, On The ; Robert C. Paine 

Dec. 58 i 

20 I 

S 
Sawing Equipment, Quartz, The Use 

of ; Sidney X. Shore Dec. 24 
Selector, Tone ; Harry E. Adams 

July 20 
Selgin, Paul J.; The Circle Diagram 

of Wave Filters (Part I) Oct. 20 
Selgin, Paul J.; Filter Design by the 

Circle Design Method (Part II) 
Nov. 58 

Shawn, Jay; Application of The 
Throat Microphone Jan. 11 

Shore, Sidney X.; Inspection, Grad- 
ing and Classification of Quartz 

. 28 
Shore, Sidney X.; The Orientation 

Oct 
of 

Quartz Crystals Nov. 30 
Shore, Sidney X. ; The Use of Quartz 

Orientation Devices and Sawing 
Equipment Dec. 24 

Shortages, Solving Wartime ; Ralph 
Batt Oct. 46 

Signal Device, Sound Effect ; Harry 
E. Adams June 28 

Signal Generators, General Consider- 
ations ; J. B. Minter Jan. 7 

Slide -Films for Training ; L. S. Met- 
July 54 

Slide -Films for Training of Drafts- 
men ; L. S. Metcalfe Oct. 35 Slide Rule, A Reciprocal ; Robert C. Paine July 16 

Slide Rule, Impedance Solutions ; Robert C. Paine Dec. 58 Slide Rules, RSS and Parallel R -Xe ; Warren. G. Brown Oct. 70 Sound, Synthetic Reverberation.; John K. Hilliard Aug. 62 Sound Effect Signal Device ; Harry E. Adams June 28 Squelch Systems ; Louis Pressman 

Steady -State Response' of Net orks 
72 

( Part 1) ; Sidney Frankel Apr. 30 Steady -State Response of Networks (Part 2) ; Sidney Frankel May 38 "Stepper- Downer," for Filaments ; H. B. Glatstein Sept. 28 Studio -to- Transmitter, F -M, .Links ; W. R. David Dec. 15 Super- Regenerative Detectors, in U- H-F ; Art H. Meyerson Mar. 16 Synchronization, of Oscilloscope Sweep Circuits ; W. R. MacLean Mar. 23 Systems, Aircraft Compass Calibra- tion ; Charles W. McKee Apr. 46 
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ystems, Aircraft Communications 
Control ; Charles W. McKee Jan. 52 

ystem, Army Airways Communica- 
tions ; Lt. Walter W. Fawcett, Jr. 

Nov. 38 
ystem, Britain's Radio ; Roy C. 

May 11 

ystem, Emergency Radiotelephone ; 
Donald Phillips Mar. 38 
stem, Communication for Divers ; 

Daniel W. Gellerup Aug. 60 
stems, High Fidelity Character- 

istics of, (Part I) ; A. James Ebel 
Apr. 38 

stems, High Fidelity, Character- 
istics of, (Part II) ; A. James Ebel 

May 24 
stem, Push -Pull, Development of, 
(Part I) ; Donald McNicol Nov. 17 
stem, Push -Pull, Development of 
(Part II) ; Donald McNicol..Dec. 62 
stems, Radio Alert, Tone Selector ; 

Harry E. Adams July 20 
weep Circuits, Synchronization of 
Oscilloscope ; W. R. MacLean,. Mar. 23 

T 
ables: 
Constants for Obtaining Input Se- 

ries Resistance of The Multiple 
Bridging Network ; Paul B. 
Wright Sept. 38 

Constants for Obtaining Output Se- 
ries Resistance of The Multiple 
Bridging Network ; Paul B. 
Wright Sept. 39 

Constants for Obtaining the Inser- 
tion Losses of The Multiple 
Bridging Network ; Paul B. 
Wright Sept. 40 

Constants of Amplifier Gain Con- 
trol Attenuators for Minimum 
Step Settings; Paul B. Wright 

Oct. 40 
Logarithm of Constants of Ampli- 

fier Gain Control Attenuators for 
Minimum Step Settings ; Paul B. 
Wright Oct. 40 

Constants of Amplifier Gain Con- 
trol Attenuators for Individual 
Steps ; Paul B. Wright Oct.. 42 

Logarithm of Constants of Ampli - 
fier Gain Control Attenuators for 
Individual Steps ; Paul B. Wright 

Oct. 44 
Constants for Series Mixer Design ; 

Paul B. Wright Nov. 52 
Constants for Parallel Mixer De- 

sign ; Paul B. Wright Nov. 52 
Constants for Series -Parallel Mixer 

Design, When Np =Na ; Paul B. 
Wright Nov. 52 

Constants for Series -Parallel Mixer 
Compensating Resistances ; Paul 
B. Wright Nov. 54 

Constants for Insertion Losses of 
The Series -Parallel Resistance 
Compensated Mixer ; Paid B. 
Wright Nov. 54 

Constants for The Series -Parallel 
Mixer Image Impedance Ratios ; 

Paul B. Wright Nov. 56 
Constants for The Series -Parallel 

Mixer Compensating Resistances 
Ratio ; Paul B. Wright Nov. 56 

Constants for Parallel- Series Mixer 
Design, when N =N ; Paul B. 
Wright Dec. 52 

Constants for Parallel- Series Mixer 
Compensating Resistances ; Paul 
W. Wright Dec. 52. 

Constants for the Insertion Loss 
of Parallel- Series Mixers ; Paul 
B. Wright Dec. 54 

Constants for the Parallel --Series 
Mixer Image Impedance Ratios ; 

Paul B. Wright Dec. 54 

AFTER THE WAR - - - the name to look for 

in RADIO ANTENNAS 
Today, BRACH produces only for Victory. But after the 

war, Brach will be ready with trained craftsmen and still 

more "know- how" to turn out superior antennas and 

other radio and electrical products for which dealers and 

public have been patiently waiting. 

L. S. BRAll MEG. CORP. 
World's Oldest and Largest Manufacturers of Radio Antennas and Accessories 

55 -65 DICKERSON STREET NEWARK N. J. 

Constants for Parallel- Series Mixer 
Compensating Resistances Ratio ; 

Paul B. Wright Dec. 56 

Tesla, Nikola, (Biography) Jan. 36 
Test Equipment, Care and Mainte- 

nance of ; H. H. Dawes Nov. 97 

Test -Flight, Radio Recorder ; Ralph 
G. Peters Mar. 44 

Television Coverage Dec. 34 
Thomas; T. S. E.; Nomogram for the 

Inductance of a Circular Ring. .Jan. 55 

Thomas, T. S. E. ; Nomogram for the 
Inductance of Two Parallel Wires 

Feb. 36 

Tone Control, Anti -Side ; Donald 
Phillips Feb. 30 

Training Draftsmen with Slide -Films ; 

L. S. Metcalfe Oct. 35 

Training, Slide -Films for ; L. S. Met- 
calfe July 54 

Transients, of Coupling Circuits ( Part 
1) ; George B. Hoadley and William 
A. Lynch Jeune 32 

Transients, of Coupling Circuits ( Part 
II) George B. Hoadley and Wil- 
liam A. Lynch July 22 

Transients, Oscillograms of Coupling 
Circuits ; George B. Hoadley and 
William A. Lynch July 22 

Transmission, Carrier Current (Part 
1) ; Perry E. Wightman and Henry 
H. Lyon Aug. 13 

Transmission, Carrier Current ( Part 
II) ; Perry E. Wightman and Henry 
H. Lyon Sept. 32 

Transmission Lines, as Reactors ; Dr. 
Victor J. Andrew Apr. 28 

Transmission Lines, Characteristic 
Functions of ; Sidney Frankel Mar. 32 

(Continued on page 88) 
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Can Get You Out of That Hole! 

'Med./ ea eictto zd 

íRe&q 
! í'ede2to 'td ! 

7144441z`ste141 

7edt 6. ,60 east! 

RAD10 AND 
ELECTRONIC 
COMPONENTS 

Constantly on the alert for com- 

ponents and equipment needed 

in vital war production, we have 

on hand vast selections from 
America's leading manufacturers. 

Trained expediters rush your re- 

quirements ... and can help you 

with priority problems. Call on us 

when you need technical advice. 

Deliveries made as fast as 
wartime conditions permit 

elephone Orders to BRYANT 9 -1946 

RADIO C O M PÁÑ 

V h 
SS COMMUNICATIONS FOR JANUARY 1944 

1943 INDEX 
(Continued from page 87) 

Transmission Line, Minimum Loss 
Load ; Dr. Victor J. Andrew.. Aug. 26 

Transmission Lines, R -F, An Analysis 
of ; George B. Hoadley Feb. 22 

Transmitter, Installation in a Low 
Land Area ; Phil F. Hedrick July 18 

Transmitter, Installing Under War- 
time Conditions ; B. T. Wilkens 

Aug. 40 
Throat, Microphone, Application of ; 

Jay Shawn Jan. 11 
Tubes, Transmitting, Water -Cooled ; 

W. J. Walker Jan. 20 
Tubes, Demountable and Sealed -Off ; 

(Mouromtseff ; see Rochester Meet- 
ing Report) Nov. 20 

Tubes, 28 -Volt ; (Jones ; See Rochester 
Meeting Report) Nov. 27 

Tubes, Vacuum, Input Admittance of ; 

Paul K. Hudson Aug. 54 
Tubes, V -H -F, and Wave Guides ; 

Ralph G. Peters July 30 
Two -Way, Lifeboat Radio ; Irving F. 

Byrnes Sept. 17 

U 

U -H -F Circuit Contours ; Dr. Carle- 
ton D. Haigis Feb. 17 

U -H -F Design Factors ; Art H. Mey- 
erson June 20 

U -H -F and F -M ; Raymond F. 
Guy Aug. 30 

U -H -F, Production Engineering ; Art 
H. Meyerson Oct. 17 

U -H -F S -R, Receiver ; Art H. Mey- 
erson Apr. 13 

U -H -F, Super- Regenerative Detec- 
tors ; Art H. Meyerson Mar. 16 

r 
Vacuum Tubes, Input of, Admittance ; 

Paul K. Hudson Aug. 54 
Variable, The Complex (Part 1) ; 

Sidney Frankel Sept. 62 
Variable, The Complex (Part 2) ; 

Sidney Frankel Oct. 50 
Video, Amplifier, L -F Correction ; 

William. A. Lynch Apr. 16 
Video Amplifiers, High Frequency 

Response of ; Albert Preisman.. Jan. 29 
Voltage, High, Plate Supply ; Scott 

Helt Apr. 22 

w 
War Conference, A Report on the 

NAB ; Lewis. Winner May 18 
Water -Cooled Transmitting Tubes ; 

K. C. Dewalt and W. J. Walker. Jan. 20 
Wave Filters, The Circle Diagram of 

( Part 1) ; Paul J. Selgin Oct. 20 
Wave Filters, Design, Circle Diagram 

(Part II) ; Paul J. Selgin..... Nov. 58 
Wave Guides and V -H -F Tubes ; 

Ralph G. Peters July 30 
Wave -Guide, Rectangular, Nomogram ; 

Frederick C. Everett Aug. 24 
Wave -Guide, Circular, Nomogram ; 

Frederick C. Everett Sept. 86 
Wartime Shortages, Solving ; Ralph 

Batt Oct. 46 
Wattmeter, Direct Reading (Brown - 

Epstein- Peterson) Feb. 47 
Waves, Modulation ; Paul K. Hudson 

Oct. 117 
White, S. Young; A Study of Iron 

Cores June 42 
Widlar, W. L.; 100 Megacycles and 

Beyond June 11 
Widlar, W. L. ; A Compensating Au- 

dio Amplifier for Three Channels 
Aug. 28 

Wightman, Perry E., and Henry H. 
Lyon; Carrier Current Transmis- 
sion ( Part 1) Aug. 13 

WAXES 

COMPOUNDS 
FOR 

INSULATION and WATERPROOFING 

of ELECTRICAL and 
RADIO COMPONENTS 

such as transformers, coils, 

power packs, pot heads, sockets, 

wiring devices, wet and dry bat- 

teries, etc. Also WAX SATU- 

RATORS for braided wire and 

tape and WAXES for radio 

parts. The facilities of our 

laboratories are at your disposal 

to help solve your problems. 

ZOPHAR MILLS, INC. 
(FOUNDED 1846) 

120-26th ST.. BROOKLYN. N. Y. 

NEED 
ECT RIO A` E 

A SSE 

F ACl`1T 1ES 

A client of ours -one of the war's 
outstanding manufacturers of elec- 
tric and electronic instruments -has 
some electrical assembly time avail- 
able right now for hard -pressed war 
contractor, or peace -time product 
developer. 

In addition, skilled fabrications of 
chassis and housings, plus highest 
precision machine work, all types of 
welding, product finishing, etc. 

Outstanding 16 -year record as con- 
tract manufacturer; metropolitan 
area -location; character of respon- 
sibility and resources unsurpassed. 
Address reply to: 

MOSER & COTI NS 
N. Y. C. CORPORATION 
420 Lexington Ave. New York 
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o,ouREIMmEERs 

fJeig ._ POWER 
PROBLEM 

GH 

kre you engineers having trouble finding 

an exactly correct electrical power sup- 

ply for today's war products? Are you 

planning the power supply for your fu- 

ture products? Then let Wincharger En- 

gineers help you. They can save you lots 

of time and worries if you need: 

MOTORS 

Built in and shell type motors 

Adjustable speed motors 

Syncronous Motors 

Rotary Electrical aviation equipment 

Dynamotor: and Inverters 

Motor Generator sets 

Railroad Car Lighting Generators 

WIMCNAPCIR CORPORATION SIOVA CITY%Ow:. 

Wightman, Perry E., and Henry H. 
Lyon; Carrier Current Transmis- 
sion (Part II, Impedance Measure- 
ments) Sept. 32 

Wilkens, B. T.; Installing a Trans- 
mitter Under Wartime Conditions 

Aug. 40 
Winner, Lewis; A Report on the 1943 

IRE Winter Convention Feb. 15 
Winner, Lewis; A Report on the 

NAB War Conference May 18 
Winner, Lewis; A Report on the 

Rochester Fall Meeting Nov. 20 
Wright, Paul B.; Attenuator Design 

for Amplifier Gain Controls Oct. 38 
Wright, Paul B.; Mixer and Fader 

Control Circuit Design (Part 1) 
Nov. 44 

Wright, Paul B.; Bridging Networks 
(Graphical Solutions) Nov. 108 

Wright, Paul B.; Circuit Design of 
Mixer and Fader Controls (Parti)II) 

Dec. 44 

BOOK REVIEW INDEX 

1943 Plastics Catalog ; Compiled by 
Dr. Gordon M. Kline, Frederick B. 
Stanley, Raymond R. Dickey, Har- 
riet B. Josephs, Florence E. Wall 
and Dorothy M. Martin Jan. 48 

Frequency Modulation ; August Hund 
Jan. 48 

A Practical Course in Magnetism, 
Electricity and Radio ; W. T. Char - 
lesby and W. T. Perkins Jan. 48 

Electrical Fundamentals of Communi- 
cation Arthur L. Albert Jan. 48 

Short Wave Radio ; J. H. Reyner 
Jan. 48 

Electromechanical Transducers and 
Wave Filters ; Warren P. Mason 

Jan. 48 
Manual of Simplified Radio Servic- 

ing; Major J. G. Tustison Feb. 42 
The Inductance Authority ; Edward 

M. Shiepe Feb. 42 
A Guide To Cathode Ray Patterns ; 

Merwyn Bly Feb. 42 
Television Standards and Practice ; 

Edited by Donald G. Fink Feb. 42 
Principles of Aeronautical Radio En- 

gineering ; P. C. Sandretto Feb. 42 
Aspects of Modulation Sys t e m s ; 

James Robinson Feb. 42 
Laboratory Manual in Radio ; Francis 

E. Almstead, Kirke E. Davis and 
George K. Stone Apr. 70 

A.S.T.M. Standards on Electrical In- 
sulating Materials ; A.S.T.M. Com- 
mittee D -9 on Electrical Insulating 
Material Apr. 70 

The Mathematics of The Physical 
Properties of Crystals ; Walter L. 
Bond Apr. 70 

Pre -service Course in Shop Practice ; 

William J. Kennedy Apr. 71 
Pre -service Course in Electricity ; 

William C. Shea Apr. 71 
The Electron Microscope ; E. F. Bur- 

ton and W. H. Kohl Apr. 71 
Dynamical Analogies ; Harry F Ol- 

son July 52 
Electromagnetic Waves ; Sergei A. 

Schelkunoff July 52 
Basic Electricity for Communications ; 

W. H. Timbie July 52 
What You Should Know About The 

Signal Corps ; Harry M. Davis and 
F. G. Falsett, Jr. July 52 

(Continued on page 90) 

S 
T 

EYE OF 

SIGNALETTE 
ALWAYS 

FIRMLY ON 
THE JOB 

.4:"M SIGNALETTE 

-mtlurlY.. 
uou0 

MO MIA' 

Littelfuse Signalette is an 
original improvement in sig- 
nal indication by light. 
Radium- active fluorescent 
vanes, electrically energized, 

open to signal by reflected light, daylight 
or artificial, or in total darkness. Positive 
indication in brightest sunlight. Instant 
adaptation to airman's eyes from cockpit to 
target. No filaments to break. No necessity 
for spares. No burnouts. Withstands tem- 
peratures -85° F. to 160° F. Uses only 
the current. Fits the %I standard lamp 
mounting ÁC42- B3593. Available in 6, 12, 
28 V., and 115 V., A.C. (fitting l' mount- 
ing) for continuous operation. Solder or 
screw terminals. Signal colors: Red, amber, 
white, green. 

Suggested Aircraft Applications: 
LANDING GEAR OIL PRESSURE 

RUNNING GEAR RADIO 

OXYGEN FLOW FUEL PRESSURE 

"BOMBS AWAY" 

Withstands Shock in Industrial Uses 
Meets need never before supplied in indus- 
try- dependable indication where filament 
lamps are liable to fail under shock and 
vibration. For electrical manufacturing - 
simultaneous readings on test equipment 
-railways, etc. 

SEND FOR SIGNALETTE BULLETIN 
Ask for Engineering data. Outline needs for 

test samples. 

Address EI Monte Office. 

LITTELFUSE Inc. 
263 ¡Ong St . El Monte. California 

4793 Ravenswood Ave , Chicago 40, III. 
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ATTENUATORS 

BY TECH LAB 

Stainless 
Silver 

Alloy 
contacts and per arms. 

Rotor hub pinned 
to shaft pre- 

vents 
unouthorlied tampering 

orms in per- 

fect adjustment. 

Con be furnished 
in 

ony prac- 

tical impedance 
and 

db. loss 

step upon 
request. 

`140e 
for our Bulletin 

No. 431. 

:t1r1i LAB. 
r' 

ous resisto 
^ce read- 

ings 

to 

and insto ̂ 5 mlcrohf,e Sor Bulletin 

¡` óóp down 00 meo So.5A32. 

m 

® /2t 
:aLABORATORIES® 

I L I N C O L N S T R E E T 
JERSEY CITY 7, N. J. 

1943 INDEX 
(Continued from page 89) 

The New Chemical Formulary, Vol- ume 6 ; Edited by H. Bennett July 53 The American Standards for Trans- formers, Regulators and Reactors ; Prepared by ASA Sectional Com- mittee on Transformers July .53 Radio Data Handbook; Lt. Nelson M. Cooke July 53 Radio Troubleshooters Handbook ; Alfred A. Ghirardi July 53 Organic Chemistry Simplified ; Rudolph Macy Aug. 80 Quartz Crystal Applications ; W. P. Mason 
Aug. 80 Radio Engineers Handbook ; Frederick E. Terman Aug. 80 Primer on Radio ; Prepared by The Electronics Department of General Electric 
Aug. 111 Televison Manual ; F. J. Cantu:. \tlg. 111 

VWOA NEWS 
(Continued from page 62) 

pany got the bill. No one is quite sure who won, but after this little in- cident Steff looked up W in McElroy's 
code chart and sent it correctly there- after.... Bill Fitzpatrick in his later years ran a radio gift service, and many are the curious items forwarded 
by radio request. He once sent a dog by radio. He got the order from a ship, per George Ahrens, operator. 
The dog was bought, sent to the ex- press people with a container for food and another for water, and the neces- sary legal papers. All in a day's 
work ! 

SHARE THE PRINTED WORD! YOUR FRIENDS WILL APPRECIATE THIS COURTESY AND SO WILL UNCLE SAM! 

WAR 
ITS OBJECTIVE: VICTORY 

ITS BY- PRODUCT: 

A Better World to live in 
New Knowledge -New Products 

r a 

FILAMENT 
TRANSFORMER 
D.rignd for Con- 

tinuous 5rvic 
ncorr.d in com- 

munication. 
work. 

. 

na.n,ou.NI omao.+ 
TNOEDAISON UECTRIC AUG. CO. 
,op w(A H.1,0.1 Pner, CMICAGO. IIL. 

7X.z«.oe,....az. ,57o°"` gol.oe4143 1 

.. ORIGINATORS OF TRU-FIDElI1T AMPl1FIEtf 

WHEN YOU CHANGE 
YOUR ADDRESS 

Be sure to notify the Subscription 
Department of COMMUNICATIONS 
at 19 E. Forty- seventh St., New York 17, 
N. Y., giving the old as well as the new 
address, and do this at least four weeks 
in advance. The Post Office Depart- 
ment does not forward magazines unless 
you pay additional postage, and we 
cannot duplicate copies mailed to the 
old address. We ask your cooperation. 

OPPORTUNITIES 

ELECTRONICS 
Radio Technicians, Radio Service Men Engineers- Electrical, Mechanical, Chemical Physicists 
Excellent working conditions, earnings and opportunities for adva.lcement. 

Write: Personnel Director 
RAYTHEON PRODUCTION CORPORATION' 

55 CHAPEL ST., NEWTON (58), MASS. 
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I TOOLS DIES 
I STAMPINGS 

HEAT 
TREATING 

Standard 
Sizes for 

Audio, Choke, 
Output and Power 

Transformers in 
Stock. 

Write for 
dimension 
sheets. 

For 
Output 

Transformers 
of highest 

permeability 

(cast or sintered) 

Cobalt, Chrome or 
Tungsten, cast, formed 

or stamped. Engineering co- 

operation backed by 40 years ex- 
perience insures quality, dependability 

and service. 

Thomas & Skinner 
Steel Products Co. 

113 E. 23rd St. Indianapolis, Ind. 

A STEADY SOURCE OF ALL 

ELECTRONIC 

i 
w 

:41 
1 4A9 

ie,e,,,14401t62.A416 

Lp G O R ' ÿ 
EQUIPMENT 

$15 
CCRIIANOj 

SS, 
y00, ILI. e., 

FOR ACTION 

PHONE! WIRE! WRITE 

BULLETINS AND CATALOGS ON REQUEST 

QUARTZ 
(Contwaed from page 81) 

or on a fine dry abrasive paper. Some 
manufacturers require that all crystals 
be beveled on all edges. Perhaps the 
greatest difficulties encountered by fin- 
ishers are in this problem of variation 
of activity during the hand finishing 
process. 

It is possible to calculate and to de- 
termine empirically, optimum dimen- 
sions for the finished quartz oscillator 
plates at specified frequencies. The 
considerations are manifold owing to 
the fact that activity of oscillation 
must be maintained above certain ac- 
ceptable minima throughout a wide 
temperature variation. If the crystal 
is properly dimensioned, it may have 
little activity during the finishing 
process but its activity at final fre- 
quency will be acceptable. 

The optical flat permits checking of 
the contour of surface of the oscillator 
plate. Differences in level between 
various points on a crystal surface may 
be measured within millionths of an 
inch with ease. In Figure 12 we see 
various conditions encountered in pro- 
duction as observed on the optical 
flat. 

When a Johannsen block is lapped 
to final dimensions, these dimensions 
will remain, within the specified tol- 
erance, for many,. many years, as long 
as the dimensions are measured at the 
same temperature. Steel has a uni- 
form temperature coefficient of ex- 
pansion in various directions, is me- 
chanically stable, and is strictly speak- 
ing, amorphous. Quartz, a crystalline 
substance, has different temperature 
coefficients of expansion in different 
directions. Thus, temperature changes 
of crystalline quartz are likely to set 
up strains of various magnitudes with- 
in the crystal. If the abraded surface 
of a crystal oscillator plate were 
greatly magnified, the scratches would 
appear as cliffs and valleys of irregu- 

JONES 500 SERIES 

PLUGS AND SOCKETS 
Designed for 5,000 volts and 25 amperes. 
All sizes polarized to prevent incorrect 
connections, no matter how many sizes used on 

a single installation. Fulfill every electrical and 

mechanical requirement. Easy to wire and in- 

stantly accessible for inspection. Sizes: 2, 4, 6, 

8. 10, and 12 contacts. Send for a copy of Bul- 

letin 500 for complete information. Write today. 

* Yes, DuMont makes both- cathode- 
ray tubes and instruments. Pioneer of 
the commercialized cathode -ray art, Du- 
Mont always has insisted that such equip- 
ment be developed, designed and built 
as a coordinated whole, since basically 
the equipment is but an extension of the 
cathode -ray tube itself. 

That is why DuMont tube specialists and 
instrument- makers work side by side. 
Latest tube developments are immedi- 
ately available to DuMont instrument - 
makers. Contrariwise, as DuMont instru- 
ment- makers evolve new circuits or func- 
tions, they can count on corresponding 
tube characteristics. Meanwhile, four 
DuMont plants translate that ideal co- 
ordination into up- to- the -minute tubes 
and instruments. 

Always remember, DuMont makes both - 
tubes and equipment -for that complete, 
balanced, fully -guaranteed instrumenta- 
tion. 

Literature on request . . . 

HOWARD B. JONES 
2460 W. GEORGE STREET 

CHICAGO 18, ILL. 

ALLEN B. DU MONT LABORATORIES,, INC. 
Passaic, New Jersey 

Cable Address: Wespexlin, New York 
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CORD CD -318 -A 

CORD CD -874 

NOW IN PRODUCTION: 
CD318-A JK-48 
CD-307-A PL-47 
CD-874 PL-54 
JK-26 PL-5S 

PL -68 
"A" Plug 
BC -366 
BC -347 -C 

Your inquiry is invited on these and 
other lntercomm un ication Equipment 

PE-86 
SW-141 
JB-47 

1T KARINDIA 
D TELEVISION CORPORATION 

1038 W. VAN BUREN ST., CHICAGO 7, ILL. 

CRYSTALS FOR 
THE CRITICAL 
For years, The James Knights Com- 
pany has specialized in quantity pro- 

duction of an exceptionally wide variety of Quartz 
Crystals. Recent patents on new precision cuts and 
improved mechanical processes have increased still 
further the accuracy and volume output of James 
Knights Crystals. We make samples nearly every 
day for some new customer so that he can design 
his equipment to fit a crystal that is now a stand- 
ard of comparison. Why not let us help you? 

The JAMES KNIGHTS Co. 
SANDWICH, ILLINOIS 

Share your copy of 

with your fellow engineers. 
They'll appreciate such consider- 
ation and, because of the paper 
shortage, so will your Uncle Sam. 

EMERGENCY RECEIVER DESIGN 
(Continued from page 44) 

regeneration hiss down. The heavy 
tone control, which works on both the 
speaker and the 'phones, also contrib- 
utes considerably to such operation. 

Figure 2 illustrates a method of 
increasing the gain of the audio ampli- 
fier by approximately 20 db, should 
this be desired. It will be noted that 
while the receiver normally uses a 
6J5 as an input audio stage by the 
addition of two 1 -watt resistors and 
a bypass condenser, a 6N7 may be 
substituted and an additional stage is 
thus realized. This in no way affects 
the operation of the unit when a 6J5 
tube is being used. In actual practice, 
this additional stage has been found 
necessary only when operation is 
undertaken in close quarters with other 
forms of noisy communications equip- 
ment, thus necessitating a high receiv- 
er output. Any tendency toward self - 
oscillation by the use of the three - 
stage amplifier may be stopped by the 
use of a 250,000 -ohm resistor between 
the first and second plates of the 6N7. 

Figure 6 

Plug connections for battery or a -c operation. 

The feedback thus realized stabilizes 
the high gain circuit without in any 
way altering the results realized when 
operation is desired using a 6J5. 

Figure 6 illustrates the plug con- 
nections employed when it is desired 
to operate the unit from a battery 
power supply. Under such conditions, 
a 6L5 is substituted for the 6J5/6N7 
and a 6G6G is used in place of the 
6F6G. This lowers the filament cur- 
rent from 1,000 ma to 300 ma. The 
filament switch disconnects the power 
transformer winding during periods of 
battery operation, and the locating of 
the pilot -light bulb on the transformer 
side of the switch eliminates that extra 
filament drain. The use of the plug 
type power changeover also provides 
a means for supplying both filament 

and plate potential for a low power, 
transmitter, while the standby switch!; 
with its contacts brought out to term 
finals at the rear of the chassis, pro 
vides a means for controlling the sang( 
(see C) . The power supply is con- 
ventional, using choke input with high!, 
capacity electrolytes for filter and ; 

.5 -mfd input capacity to eliminate an) 
tendency toward tuneable hum. Th4,t5k 
VR- 150 -30 stabilizes only the vultagt )1 

used by the r -f unit employed. TIN 
actual power changeover assembly con- 
sists of a 7 -prong tube socket with 
Amphenol plugs. 

Up to this point no mention has: 
been made of the r -f assembly, inas, 
much as the only r -f component actui 
ally designed into this basic unit is 
the National dial. This dial provides 
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TO TECHNICAL MEN INTERESTED 
IN A SOUND OPPORTUNITY... 

Wurlitzer- established in 1856, the recognized leader 
in its field - offers these engineering positions: 

RADIO AND ELECTRONIC DEVELOPMENT ENGINEERS 

STAFF ENGINEERS- Requirements: B.S. in Electrical 

Engineering or equivalent; at least five years' experi- 

ence in radio engineering and research; familiarity with 

all phases of circuit development; ability to design and 

develop engineering projects. 

DEVELOPMENT ENGINEERS -Requirements: Grad- 

uate engineer with a minimum of two years' practical 

experience in engineering or technical service; natural 
aptitude for design and development work; ability to 

solve detailed engineering problems. 
Today - Wurlitzer is concen- 
trating its full productive ener- 

gies on fabrication of war ma- 

terials, with which those men 
selected will be associated until 
Victory is won. But the long - 
range plans we are also making 

today, foreshadow a future bright with opportunity. 

The Wurlitzer technical and engineering staff has 

been hand -picked. To it we seek to add qualified men 

eager to affiliate with a closely knit, progressive organ- 

ization resolved to maintain its top -rung industrial 
leadership. 
The men we choose -and who choose us -will be 

forward -looking, resourceful, earnest in their efforts to 

create, improve and perfect. These qualifications are 

basic. If you have them and are interested in learn- 

Write Today to 

THE RUDOLPH WURLITZER COMPANY 
North Tonawanda, New York 

Attention: Technical Personnel Dept. 

ing more about the opportuni- 
ties we offer, write -telling us 

about yourself. An interview 

can be quickly arranged. 
Employment subject to local 
WMC Regulations. 

WtiRL1TZER 
THE NAME THAT MEANS fte.aGG TO MILLIONS 

high ratio bandspread tuning me- 
um, and its general design contrib- 
es much to the elimination of hand 
pacity and other r -f circuit diffi- 
lties encountered at these frequen- 
es. Available at the r -f input and 
wer terminal strip are : (1) 6.3 -volt, 

i amp filament supply ; (2) 150 volts 
B for r -f amplifier or superhet 

cillator use; and (3) 0 -50 volts used 
r super- regenerative detectors and 
ntrolled through the regeneration 

ontrol potentiometer. 
The selection of the r -f circuit is a 

roblem that can best be solved to 
uit the particular case under study. 
he basic principles that must be con - 

tantly kept in mind can be summar- 
ed as follows: 
(1) The acceptance bandwidth must 

be at least 30 -kc wide, since 
90% of all WERS transmission 
is accomplished with modulated 
oscillators, which produce con- 
siderable frequency modulation 
in addition to the desired ampli- 
tude modulation. 

(2) It is practically impossible to 
realize any r -f amplification at 
the u -h -f frequencies available 
for WERS use with the tubes 
now provided. Even the 954 
acorn must be given special 
care to produce a gain or 2 or 3. 

(3) Receiver radiation represents 
one of the greatest problems en- 
countered in WERS operations. 
With the extremely low power 
used for transmission (25 watts 
being the legal limit) and with 
two or more receivers running 
simultaneously at control cen- 
ters, the radiation problem must 
be given important design con- 
sideration. 

With these facts in mind, it becomes 
immediately apparent that the super - 
regenerative detector offers a satis- 
factory solution to the problem, pro- 
vided only that care be taken to mini- 
mize, as far as practical, the objec- 
tionable feature of detector radiation. 
Despite many claims to the contrary, 
it is the opinion of the author that 
the only method of accomplishing this, 
short of the use of a stage of r -f am- 
plification, is to operate the detector 
at the lowest plate potential practical 
and reduce antenna coupling to the 
absolute minimum consistent with ac- 
ceptable receiver sensitivity. 

The selection of the super- regenera- 
tive detector tube usually is a case of 
what is available rather than what 
would be ideal. Generally speaking, 
the 954 acorn is far superior to any- 
thing else now on the civilian market. 
This is followed in turn by the 9002, 

HY -615, 7A4, 6J5GT and the 6G5GT. 
The decline in the operating potential 
for the tubes listed is reasonably 
linear with the 6C5GT representing 
the minimum acceptable limit. The r -f 
unit shown in Figure 5 super- regener- 
ates with 15 volts on the plate at a 
current on .15 ma, while the 6C5GT 
requires approximately 48 volts at 
2 ma, which represents a considérable 
stepup in input power and consequent- 
ly detector radiation. From a practical 
standpoint, it is possible to copy a 
modulated signal accurately with the 
954 acorn detector that cannot be de- 
tected with the 7A4 detector. This 
same qualification holds true when 
comparing the HY -615 and the 
6C5GT. 

The use of a broad tuning super - 
hetrodyne r -f unit has much to offer 
from the standpoint of operating sta- 
bility and low radiation, but the lack 
of suitable tubes to provide any rea- 
sonable degree of r -f amplification is 
still the main limiting factor. Actual- 
ly, the author has been unable to pro- 
duce an r -f amplifier using any of the 
so- called commercial receiving tubes, 
such as the 1852, 7H7, 7G7, 6SK7, 
etc., that was capable of contributing 
anything but a loss at these fre- 
quencies. 
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QUARTZ 

(Continued from page 91) 

lar shape and contour, some of the 
cliffs perhaps being undercut. Strains 
set up in these microscopic cliffs of 
quartz are likely to result in chipping 
and progressive fracturing of these 
cliffs. This would result in an appar- 
ent deposition of quartz dust on the 
surface of the crystal. This generally 
causes an increase in frequency due 
to the decrease in mass of the basic 
crystal oscillator plate. The average 
thickness also appears lowered. Ac- 
tivity may be lowered due to increased 
surface friction and physical loading. 

The phenomenon of ageing is per- 
haps the most disturbing one of the 
crystal industry and much work is 
being done at present in an effort to 
solve this particular problem. This 
seems to be an inherent sequel be- 
cause of the very nature of the abra- 
sion process. 

Causes of ageing, other than the 
one just described, may be improper 
cleaning of the surface of the oscillator 
plate, poorly tempered and normal- 
ized electrodes, poor spring material, 
foreign matter sealed with the crystal 
unit within the holder, spreading of 
chips and progressive fractures of mi- 
croscopic cracks. 

Adh. 
BURSTEIN- APPLEBEE CO. 
1012 -1014 McGee St. Kansas City, Missouri 

CRYSTALS 
EXCLUSIVELY 

SINCE 
1934 

ORDERS SUBJECT TO PRIORITY 
P E T E R S E N RADIO CO.. Council Bluffs. Iowa 

SHARE YOUR COPY 
OF 

COMMUNICATIONS 
Your Associate Engineers and Technicians will 
appreciate your courtesy. Uncle Sam will also. 

A finishing procedure which elim- 
inates the hand lapping with wet abra- 
sive and substitutes an etching solu- 
tion, seems to have excellent possibili- 
ties in connection with the inhibition 
of ageing. 

Experiments have shown that crys- 
tals which have been etched from 10 
kc to 100 kc have remarkable fre- 
quency stability after being submitted 
to rapid heat cycling runs. Appar- 
ently the irregular scratches caused by 

Figure 16 

Phantom view of a 

crystal duplicator or 
channel checker illustrat- 
ing the manner in which 
the crystal oscillator 
plate is placed between 
the test electrodes. The 
meter shown indicates 
the difference in fre- 
quency between a stand- 
ard frequency crystal 
and the test crystal just 

inserted in the jig. 
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the abrasive particles in the final hand 
lapping operation and machine lapping,' 
operation have been modified so that 
the tendency for chipping of the mi- 
croscopic cliffs ' is practically non- 
existent. The electron microscope 
could be applied towards the study and 

I solution of the problem of crystal 
ageing. Further investigation and .} 

development of this technique seems I 

warranted. 
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ELECTRICITY 
For Any Job Anywhere 
* ONAN GASOLINE DRIVEN ELECTRIC GENERATING 
PLANTS provide electricity where power lines are not available 
and for emergency service. 
They're doing a war winning job on all the fighting fronts 
generating light and power for communications work and other 
war tasks. 
Sizes from 350 to 35,000 watts. 50 to 800 cycles, 110, to 660 
volts, A.C. -6 to 4000 volts, D.C. Also A.C. and D.C. output 
models. 
Your inquiry regarding present or post -war needs will receive 
prompt attention. 

D. W. ONAN & SONS 
1264 ROYALSTON AVE. MINNEAPOLIS, MINN. 

0004,20, 
SERIES 
1000 
110 VOLT 

PILOT 
LIGHT 

for Mazda 

Request Got hard 
Pilot Light Assem- 
blies catalog for 
complete informa- 

tion. 

S-6 or T4%-% Watt 
candelabria base lamp 
Underwriters listed and approved. Gothard se- 
ries 1000 Pilot Lights are totally enclosed, yet 
well ventilated for cool operation. Requires 
single I" dia. hole for mounting. Standardly 
furnished for panels up to 3 /8" thick -special 
requirements can be supplied. Jewel slips out 
of front for convenient replacement of bulbs. 
Faceted, smooth or frosted Jewels. Range of 
lens colors. 

MANUFACTURING CO. 
1335 No. Ninth Street, Springfield, Ill. 

NE WHEATSTONE BRIDGE 
( (Continued from page 40) 

dividing equation 18. by 19 a very 
Lefal form is obtained which relates 

resistances and temperature 
nges, or 

1 +att 
(20) 

1 +ata 
or reference purposes, the trans - 

mation between degrees F. and 
gees C. is : 

5 
C=-(F-32) 

9 
d 

9 
F = -C +32 

5 

A useful alternative form of equa- 
n 20 is found by dividing numerator 
d denominator by a, getting 

a t, 

a -f- t2 
(21) 

here a is the reciprocal of the co- 

t'. 

efficient 

o- 

efficient of resistance. For pure cop- 
per, a and a have the values of 0.00427 
and 234.5 respectively. Practically all 
text books on electricity and radio as 
well as most of the radio and electrical 
handbooks have tables of the resis- 
tance, resistivity, and the temperature 
coefficients. 

Use of Equations 16 fo 21 in 

Fault Location 

Equations 16 to 21 inclusive, are 
particularly useful in fault location 
work when the amount of information 
about a given pair of wires is not 
available. Note that equation 16 may 
be rewritten as 

R=rl (22) 

where r = 2 /d2 and is the resistance 
per unit length for the given conduc- 
tor : hence, if the resistance per unit 
length is known, the total is found by 
22. Again, if the factor a is not 
known it may readily be determined 

by making two loop measurements 
upon a pair at different times of the 
day when the temperatures are several 
degrees apart and substitute values in 
equation 20, thus obtaining the co- 
efficient of resistivity. From equa- 
tion 22 the resistance per loop mile 
may be found by making a loop mea- 
surement and dividing by its length. 
Ordinarily, for those engaged in 
everyday operation and maintenance 
where records are adequate, the main 
concern is accuracy and technique of 
methods. 
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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 well 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 Recoated with 
"Block Seal" Formula on Short Notice 

GOULD -MOODY . company 
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4; ` Ì 395 Broadway 
New York 13, N. Y. 
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Five minutes away by P -40 
Lu Yen's attack alarm 
sends a Yankee fighter squadron 
scrambling to rendezvous near ceiling. 
There to wait -and hand 
those bomb -heavy Mitsubishis 
ope -way tickets 
to the arms of Shodzuka Baba 
-Japanese "Old Lady of Hades." 

Our lads won't be caught napping 
on the ground ... or in the air. 
Teamwork -talk and tactics 
by radio takes good care of that. 

Those rugged, compact field radios 
... like Lu Yen is using 
(many of them Westinghouse -produced) 
and now in service 
on every fighting front 
are the forerunners 
of advanced communication 
equipment and systems 
that Westinghouse research 
is already busy developing - 
for factories -stores -offices 
ships -planes- trucks -trains 
... to enable men to talk 
and work together -more efficiently. 

So -come peacetime ... 
look for "Westinghouse" 
on the finest communication and 
electronic equipment -of all kinds! 
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WeStinAhOUSe RADIO DIVISION Baltimore, Md. 
PLANTS IN 25 CITIES . . . OFFICES EVERYWHERE 
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