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OUR iVEM' PLANT 
steps up ARHCO production 

P-1756 

P-1752 

P-241 

DIM-E-ROI 

PL54 JK-26 

J-38 

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. 

P-1921 

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

lie See... 
THE RESOURCEFULNESS OF A BROADCAST 
STATION ENGINEER . . . On the war 
front . . . has won the acclaim of the 
nation. The engineer . . . R. Morris 
Pierce, chief engineer of WGAR, and 
at present chief engineer of the Psy- 
chological Warfare Branch, Allied 
Force Headquarters in Algiers, and 
the event . . . the surrender of the 
Italian fleet. It was Pierce who re- 
vamped a transmitter in only 15 hours, 
tuned it to the distress frequency of 
500 kc, without the aid of calibration 
instruments or even suitably identified 
dials (the transmitter had operated 
on 1100 kc) and thus provided a 
means of transmitting the surrender 
ternis to the Italian fleet. 

"It was just a job ", said Pierce. 
But everyone else has said it was 
more than that. Admiral Sir Andrew 
Browne Cunningham, the British 
Commander in the Mediterranean, 
gave "Morrie" Pierce major credit 
for having been responsible 'for the 
Italian Navy's surrender. Admiral 
Cunningham said that the Americans, 
thanks to "Morrie" Pierce, had ac- 
complished in one day, what the Brit- 
ish were trying to do for three years. 

Well done, "Morrie" Pierce ! 

ITS AA -1 AND PERMISSION TO USE THE 
"MRO" symbol for broadcasting main- 
tenance repair from now on, accord- 
ing to an amendment just made to 
preference rating P -133. The amend- 
ment also raises the rating of com- 
mercial sound recording repair, from 
AA -5 to AA -2, with permission to 
use the symbol "MRO ". 

Thanks WPB ! 

A COMMENDABLE DISPLAY OF COOPERA- 
TION among stations WJZ, WNEW 
and WNYC will permit the OWI to 
use the present WJZ transmitter for 
s -w transmission, with WJZ remain- 
ing on the air, even though their new 
transmitter is not yet completed. For 
WJZ will use the 5 -kw auxiliary 
transmitter of WNEW, and WNEW 
will use the 1 -kw auxiliary transmitter 
of WNYC in an emergency ! 

TO EFFECT ADDITIONAL CONSERVATION 
OF PAPER, the December issue of COM- 
MUNICATIONS will be trimmed down 
to 7h" x 10h ". Incidentally, in 
October, we began using a lighter 
weight of paper, 40 -pound stock. - 
L. W. 

2 COMMUNICATIONS FOR NOVEMBER 1943 
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fo /ílffanol/rei ode two the /NA dofiaail 

War's necessity mothers tomorrow's blessing. War - 

born electronic devices which now strengthen and 

sharpen a war pilot's radio signal may, some happier 

tomorrow, guard the glory of a symphony. 

Who knows the future of these discoveries which 

keep our pilots in clear communication, even 

through the deafening crackle of a tropical storm? 

Who knows what undreamed comforts, undreamed 

glories flicker in the electronic tubes? Or in 

any of the modern miracles so familiar to us at 

Sylvania? 

New sound for the ears of the world. New knowl- 

edge for the eyes of the world. More mists of 

ignorance swept away! Those are the potentials 

which inspire us, in everything we do, to work to 

one standard and that the highest known. 

SYLVANIAELECTRIC PRODUCTS INC. 

E X E C U T I V E OFFICES: 5 0 0 F I F T H A V E N U E , NEW Y O R K 18, N. Y_ 

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

IN ACTION ON THE HOME FRONT ... Sylvania Fluorescent Lamps and Equipment 

are helping our war factories speed production. Sylvania Radio Tubes ore help. 

Mg bring information and entertainment to homes throughout the land. Sylvania 

Incandescent Lamps are serving long and economically in these same homes. 

As always, the Sylvania trade -mark means extra performance, extra worth. 
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WIRE IS PRECISION EQUIPMENT, TOO! 

LENZ HOOK UP WIRES 
AND CABLES ARE 
ENGINEERED FOR THE JOB 

Hook -up Wire and Cables used 
on military equipment must be 
engineered to meet the severe 
conditions that exist in the field - 
not to mention the unusual elec- 
trical characteristics required. 

This means that Wires and 
Cables must frequently be engi- 
neered for each particular job. 

Lenz has specialized in the pro- 
duction of Wires and Cables for 
Electronic and Wire Communica- 
tion Equipment since 1904. 

Millions of feet of specially en- 
gineered Wires and Cables are 
now in use in the equipment that 
is helping to keep our Military 
Communication operating with 
the efficiency for which it is noted. 

Electronic Engineers, faced with 
Wire or Cable problems are in- 
vited to place them into the hands 
of Lenz technicians. The experi- 
ence and knowledge of almost 40 
years of wire specialization will 
be placed at your disposal. 

LENZ ELECTRIC MANUFACTURING CO, 
1751 NORTH WESTERN AVENUE, CHICAGO 47, ILLINOIS 

In Business Since 1904 
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An Award 
and 

An Acknowledgment 

çhe Employees of The Rola Company Inc., now wearers 

of the Army -Navy "E ", wish to acknowledge a debt ... and express a 

word of appreciation ...to certain people outside the Rola organization. 

They are far too numerous to mention by name but they include: 

IOW The Personnel of the Army and Navy Air Forces with whom 

we have worked. 

VOW The Prime Contractors who have entrusted us with orders. 
`` 

The Suppliers of our equipment and materials. 

VOL The Transportation Companies who have handled our shipments. 

\ 11011V The many others on whom we have had to depend. 

To all those at home who have helped us, and to our former associates, 

now in the armed services, who have inspired us, we express our deep 

gratitude ... and with them we proudly share the honor of this Award. 

The Employees of THE ROLA COMPANY INC., Cleveland, Ohio. 

ROLA 
COMMUNICATIONS FOR NOVEMBER 1943 S 
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8L /LAY CR YSTALS 
RIDE WITH THE SCR -299 

BuiItby kaIIicrjEI,fft.rs 

O NE of the outstanding achievements in wartime radio transmitter design is the SCR -299. Serving equallfy. well as a mobile or stationary radio station, this now famous equipment is dóing a real job on our battle 'fronts. 
This war is run by radio. The vital importance of maintaining reliable communications necessitates the selection of quartz crystal units that are accurate and dependàble. Bliley Crystals are engineered for service 

. they: are used in all branches of military communi- cations and are, of course, supplied for the SCR -299. 

BACK THE ATTACK WITH WAR BONDS 

BLILEY ELECTRIC CO. ERIE, PA. 
6 COMMUNICATIONS FOR NOVEMBER 1943 
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Appreciating the present special need for radio ref- 
erence data in compact, convenient form, the Fed- 

eral Telephone and Radio Corporation presents 
"Reference Data for Radio Engineers" as an aid to 

radio research, development, production and oper- 
ation. 

In selecting material for this book, the aim was to 

provide for the requirements of the engineer as 

well as the practical technician. Hence, more funda- 
mental data are included than usually found in a 

concise radio handbook, in order to fill a gap that 
has existed in the past between handbooks and 
standard radio engineering text books. Special effort 
also was directed to making the material useful both 
in the laboratory and in the field. 

A glance at the table of contents, listed at the right 
will show the wealth of subject matter included. All 
material is presented in a concise, practical form 
generously illustrated, with more than 175 charts, 
graphs and tables - all conveniently arranged for 
ready use. 

Material for this Reference was compiled under the 
direction of the Federal Telephone and Radio Lab- 
oratories in collaboration with other associate com- 
panies of the International Telephone and Tele- 
graph Corporation. This group of companies (in- 
cluding their predecessors ) possesses experience 
gained throughout the world over a period of many 
years in the materialization of important radio 
projects. 

This handy new reference should be on the desk of 
every radio engineer. Order your copy today - only 
one dollar, in serviceable green cloth binding. The 
order form at the right is for your convenience. 

Published by the 

Federal Telephone and Raa'ío Corporation 

67 Broad Street, New York 4, N. Y. w,,. 

"fssOei.er. 

CHECK THIS TABLE OF CONTENTS NOW 

General Engineering Tables. Conversion Table, 
Fractions of an Inch with Metric Equiv- 
alents, Copper Wire Table, Copperweld 
Wire: Mechanical and Electrical Prop- 
erties, Standard Stranded Copper Con- 
ductors, Screw Head Styles and Method 
of Length Measurement, Standard Ma- 
chine Screw Data -Chart for Hole Sizes. 

Engineering and Material Data. Insulating 
Materials, Plastics: Trade Names, Phys- 
ical Constants of Various Metals, Fusing 
Currents of Wire, Melting Points of 
Solder, Temperature Chart of Heated 
Metals, Spark Gap Voltages, Thermo- 
couples and Their Characteristics, Char- 
acteristics of Typical Thermocouples, 
Head of Water and Approximate Dis- 
charge Rate, Wind Velocities and Pres- 
sures, Weather Data: 

( Temperature Extremes, Precipita 
taon Extremes, World Temperatures, 
World Precipitation.) 

Principal Power Supplies in Foreign 
Countries, Audible Spectrum, Ether 
Spectrum, Radio Frequency Classifica- 
tions. 

Audio and Radio Design -GeneraL Condenser 
Color Code, Resistor Color Code, Stand- 
ard Color Coding for Resistors, Induc- 
tance Charts for Single Layer Solenoids, 
Copper Wire Coil Data, Reactance 
Charts, Time Constants for Series Cir- 
cuits, Impedance Formulas, Network 
Theorems, Electrical Circuit Formulas, 
Attenuators, Filter Networks. 

Rectifiers, Special Connections and Circuit 
Data for Typical Rectifiers, Selenium 
Rectifiers. 

Vacuum Tubes and Amplifiers. Vacuum Tube 
Design: ( Nomenclature, Coefficients, 
Terminology, Formulas, Electrode, Dis- 
sipation Data, Filament Characteristics. ) 
Ultra -High Frequency Tubes, Vacuum 
Tube Amplifier Design: ( Classification, 
General Design, Graphical Methods, ) 

Resistance Coupled Audio Amplifier De- 
sign, Negative Feedback, Distortion, 
Army and Navy Preferred Listof Vacuum 
Tubes, Cathode Ray Tubes, Approxi- 
mate Formulas. 

Telephone Transmission. Power Ratio, Volt- 
age Ratio, Decibel Table, Transmission 
Line Data and Constants. 

Radio Frequency Transmission Lines. Trans- 
mission Line Data: ( Surge Impedance of 

Uniform Lines. Transmission Line Types 
and Their Characteristic Impedance, Im- 
pedance Matching with Shorted Stub, 
Impedance Matching with Open Stub.) 
Wave Guides and Resonators. 

Radio Propagation and Antennas. Field Strength 
of Radiation from an Antenna, Field 
Strength from an Elementary Dipole, 
Ultra -Short Wave Propagation: ( Line of 
Sight Transmission Distance. ) Reflection 
Coefficient of Plane Radio Waves from 
Surface of the Sea, Distance Ranges of 
Radio Waves, Radio Transmission and 
the Ionosphere, Time Interval between 
Transmission and Reception of Reflect- 
ed Signal, Linear Radiators: ( Maxima 
and Minima of Radiation -Single -Wire 
Radiator.) Antenna Arrays: ( Radiation 
Pattern of Several Common Types of 
Antennas, Radiation Pattern of Multi - 
Element Linear Broadside Array, Radia- 
tion Pattern of Multi- Element Binomial 
Broadside Array. ) Frequency Tolerances. 

Noise and Noise Measurement. Wire Tele- 
phony, Radio. 

Non -Sinusoidal Waveforms. Relaxation Oscil- 
lators, Electronic Differentiation Meth- 
ods, Fourier Analysis of Recurrent 
Waveforms, Analyses of Commonly 
Encountered Waveforms. 

Dimensional Expressions. 

Greek Alphabet. 

Mathematical Formulas and General Infor- 
mation. Miscellaneous Data, Mensura- 

tion Formulas, Formulas for Complex 
Quantities, Algebraic and Trigonomet- 
ric Formulas, Approximations for 
Small Angles, Quadratic Equation, 
Arithmetical Progression, Geometrical 
Progression, Combinations and Per- 
mutations, Binomial Theorem, Mac - 
laurin's Theorem, Trigonometric Solu- 
tion of Triangles, Complex Hyperbolic 
and other Functions, Great Circle 
Calculations. 

Mathematical Tables. Logarithms of Num- 
bers and Proportional Parts, Natural 
Trigonometric Functions for Decimal 
Fractions of a Degree, Logarithms of 
Trigonometric Functions for Decimal 
Fractions of a Degree, exponentials (e" 
and e-" ) , Natural or Naperian Logar- 
ithms, Hyperbolic Sines, Hyperbolic 
Cosines, Hyperbolic Tangents, Bessel 
Functions. 

r USE THIS CONVENIENT ORDER FORM 
Publication Department, 
Federal Telephone and Radio Corporation 
67 Broad Street, New York 4, N. Y. 

I enclose dollars for which send me copies of "Reference Data for 
Radio Engineers" ($1.00 per copy) 

Name 

Address 

City 

COMMUNICATIONS 

State 
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Export Agents: FRAZAR & HANSEN, 
301 Clay St., San Francisco, California, U. S. A 

Army- Navv "E' 
/lag awarded for 
high achievement 
in the production 
of war material. 
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OUR WAR EFFORT 
From January 1941 to December 1942, 
Aerovox . . 

Stepped up production output 500°ó 
for our Armed Forces. 

Increased production floor space 
300 °ó. 

Sought, hired, trained, and put to 
work additional workers -a 300°ó in- 
crease in productive personnel. 

Opened second plant in Taunton, 
bringing work to available workers 
there. 

And -doing more and more: grow- 
ing week by week! 

Be it tiny "postage- stamp" mica capacitor or large stack - 
mounting unit -regardless, it's a precision product when it bears 
the Aerovox name. 

Only the finest ruby mica is used. Each piece is individually 
gauged and inspected. Uniform thickness means meeting still 
closer capacitance tolerances. Also, sections are of exceptionally 
uniform capacitance, vitally essential for those high -voltage series - 
stack capacitors. Meanwhile, the selection of perfect mica sheets 
accounts for that extra -generous safety factor so characteristic of 
ALL Aerovox capacitors. 

Our new Transmitting Capacitor Catalog lists the outstanding 
choice of types. Write on your business stationery for your 
registered copy. 

A E R O V O X C O R P O R A T I O N , N E W 

Export: 100 VARICK ST., N. Y. C. 

BEDFORD, MASS., U. S. A. SALES OFFICES IN A L L P R I N C I P A L C I T I E S 

L 
INDIVIDUALLY TESTED 
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ECA 

ON-11:1:ritIht 
N$,1t31%&VA% greater sensitivity 

and range than euer before 
accomplished 

NIW?AAIETH 

LLECTRCk7Cg 00161011 

TE.CN. LABORATORIES 

.LMtI STY td 

PATENTS APPLIED FOR 

TECH LAB MICROIIMMETER . . . gives 

direct and instantaneous readings of resistance values 
clown to 5 microhms and up to 1,000,000 
megohms. Accuracy in all measurements to 

better than 2 %. Output is sufficient to 

drive recorder. Entirely AC operated. 
Reasonably prompt deli. eries. For com- 

plete data regarding other applications, 
write for bulletin No. 432. 

eturer5 
Qnality 

inanuf a 

of alt enua t o rs awl other 

electrical 
resistance 

in 

struu'ents r tcOuplel 
data ' 

e for but 

letin No' 
431. 

aLABORATORIES 
1k 

7 LINCOLN STREET JERSEY CITY 
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Aboard the ECA ship of the future ...manned b creati 
engineers . is a precious cargo of electronic techniqu 
adaptable to postwar living. At present, however, our tod 
efforts are pointed toward the liquidation of the Axis. V 
are supplying vital equipment to the Armed Services at 
faster rate to help shorten the war. More than two decade 
of radio and electronic specialization are recorded in of 
laboratory's "log" ... and the many practical development 
borne of past commercial and current wartime experience 
will be made available to you. From time to time, our pre 
ent schedules permit us to accept additional assignment 

FORMULA FOR GREATER PRODUCTION 

. . cordial management - labor relations, goo( 

working conditions, recognition of individual merl 
incentive -bonus plan, recreational and educatíona 
facilities, and the will to get the war over in a hurry 

ROW CORP. OF AMERICA a: 

45 WEST 18th STREET' NEW YORK il, N.Y. flATKINS_ 
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1 

1 

4 ? 

T- YP; E;. OF CUT 
AND FR E QV E N t Y 
We have facilities for producing crystals to all 

temperature co- efficient and absolute frequency 

specifications. Our engineers have wide expe- 

rience with : all crystal types. In our Special 

Crystal Division we are ready to undertake 

NOW the development and production of any 

special and exacting crystal types that may 

assist you in the war effort. ff it`s "Rush" phone! 

6 '% CRYSTAL SERVICE DIVISION 
PLYMOUTH THREE THREE 

u):ffuu1 0113D1).220-Aß 
Plmaluuo0G7D0 p 

EXCELLENCE 

IM MUSIC VOICE 

iFCREATING INSTRUMENTS 
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,V4111c. rafters has the honor of being the ft. rst exclusive radlo. manufac- 
turer to receive the Army-Nal Production Award for the thi rd time 

14 COMMUNICATIONS FOR NOVEMBER 1943 
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Rill VII 
ELECTRONICS COMPANY 

NEWARK, 2 New Jersey 

Transmitting Tubes EXCLUSIVELY Since 1934 

Throughout the ages, the products 

of certain masters of handcraft have stood out above 

all others in their Blass. 

Despite the wonders of this machine age, the fash- 

ioning of United Electronic Tubes is essentially an opera- 

tion of unsurpassed hand craftsmanship. 

Tubes by United are regarded as masterpieces in 

their field. One of the many reasons for this reputation is 

that United has been for long years a specialist and pioneer 

in transmitting tube design and production ... exclusively. 

Another important reason for UNITED leadership 

is that the. UNITED production policy never has been 

one of how many -but how well. 
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Give Us Tubes That 
last Loq. Is The Cry 

AND RCA ENGINEERS ARE DOING IT' 

872A / 872 
111-4 aM a-f o.e,. 

a^0lfie Oscullater 
Yodulator 

$120 
eam Peee, ampl,Lr, 

$17.30 

etforal 
Note: R 
anion tube similar to 12A/172. The electrical: 
iftcatwna of each are 
ical. Type MOOS is equi itb heavy duty base i particularly recommended fur 

use in new equipment.) RAT - NGS: filament Voltage, S ts; Filament Current 7.S perm: Peak Inverse 
10,000 

Current, 
volts, 5 tls 

amperes,. 
max.; Average Plate Current, - 
1.25 amperes, sea. 
*For fwd- mercury tem- perature of 2040e C. 

ASK FOR 

HIS BOOK 

5M1TT1NG 

TUBES 
ON ST LONGER." old 

When. 
G MITT You 

get ma mum life from Your Corpora- 

tion 

get maximum Address: Rad Engineer 

Ash 
of America, c rnmereial Tiarri Br- 

Section. 419 South 5th St., 

Nevi Jersey. 

Illas Rnrit at AO tlso- 
buds EssismuMMs Tube sod 
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COMMUNOCATOONS 
LEWIS WINNER, Editor 

N O V E M B E R , 1 9 4 3 

THE DEVELOPMENT OF THE 

PUSH -PULL SYSTEM 
Simple, But Vital Tool 

Of The Communications 

Engineer Involved Over 

Forty Years of Research 

and Experimenting 

by DONALD McNICOL 
PAST PRESIDENT, I R E 

RADIO engineers have an under- 
standing of the very great con- 
tribution made to radio by the 

push -pull circuit. And its usefulness 
to long -distance wire telephony and 
talking pictures, is respected, too. But 
only those engineers and experi- 
menters who nursed and coaxed ear- 

RESEARCH AND DESIGN 

Figure I 

Muirhead's push -pull development of 1881. 

When the moving light beam from the 

mirror of the receiving galvanometer swings 

too far to the right or left the effect upon 

the respective selenium cells is such that 
one or the other relay, through its local con- 

tacts, will apply a reversal of battery to line 

or discharge the line to earth. 

lier amplifier hookups have an ap- 
proximately close estimate of the vir- 
tue, the beneficence of push -pull when 
ultimately it flowered. I say ulti- 
mately, because like the rose that 
wasted its sweetness on the desert air, 
push -pull was born to blush unseen for 
many a year. 

What push -pull means to radio is 

somewhat of the order of what the 
lever means in mechanics. When, in 
1240 B. C. the Greek, Daedalus, puck- 
ered his brows and gazed thoughtfully 
at a huge stone which he desired to 

Figure 2 

This inventor availed of a double- micro- 
phone to actuate the split primary to obtain 

a push -pull effect. 

have shifted elsewhere, he was aware 
that neither he nor any other man 
could budge the boulder from its posi- 
tion of rest. His single strength was 
not equal to the task. But Daedalus 
got an idea. He conceived an inven- 
tion. A smaller stone was placed close 
to the large one to serve as a fulcrum 
for a lever. The man's pull downward 
on the outer end of the lever caused 
the end of the lever placed underneath 
the large rock to push. The single 
strength of the individual, Daedalus, 
was thereby magnified, amplified. It 
was not until 1670 that Newton proved 
the laws of gravitation. In Ovid's 
Metamorphoses, it was therefore apro- 
pos to say. 

"And Daedalus was puzzled how 
to find 

The secret ways of what himself 
designed." 

While the struggle upward to ma- 
turity and utility of push -pull was not 
prolonged for centuries, actually it was 
about forty years before the system 
came to full fruition that the first links 
in the chain of development were 
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forged. A reason for the start being 
made about the year 1877, was that 
that year marked widespread experi- 
mental attention to the possibilities of 
the infant telephone. Operating cur- 
rent in telephony was small in quan- 
tity, as was the operating current in 
submarine telegraph cables. So much 
so that from the beginning a need was 
recognized for current magnifiers - 
amplifiers, to the end that there might 
be more definite and positive receiv- 
ing -end currents, and operable over 
longer distances. 

To place in position a first stepping- 
stone, the historian might stretch his 
imagination a little and note British 
patent 2909, issued to Thomas A. Edi- 
son on July.30, 1877, covering the in- 
vention of reproducing sounds at a 
distance. In the patent there is no 
mention of the word telephone, but in 
the drawings which accompany the 
patent there were depicted elements 
which shortly were to have a bearing 
upon telephone development. For our 
present purposes, reference to a 
'Wheatstone Bridge arrangement of 
circuits in the Edison patent is the 
point of interest. This reference is 
brief, but viewed in retrospect it is 
possible that had the idea been devel- 
oped fully, a discovery not at the time 
contemplated might have been made. 

An Early Step 

Bell's telephone was but two years 
old when D. D. Redmond, in Dublin. 
Ireland, poring over a published de- 
scription of Bell's circuits, thought 
something more might be done to am- 
plify the currents going to line. It was 
new territory for exploration, and it is 
likely that all over the world savants 
of the time took a fling at trying some- 
thing different in the electrical frame- 
work of Bell's invention. Mr. Red- 
mond went so far as to record his 
ideas and to make some theoretical 
sketches, which were communicated to 
The English Mechanic and World of 
Science, and published on September 
6, 1878. 

Redmond's scheme for amplification 

consisted of an oscillating beam with 
two arms insulated from each other 
and attached to separate fulcrums so 
that each arm introduced a variable 
resistance into a particular circuit, the 
circuits wound upon an inductorium 
(coil) in opposite directions, inducing 
opposite currents in the secondary 
coil, a part of the line circuit. It was 
a far cry from the device of Daedalus 
to this fulcrum and lever arrangement, 
employed for a quite different purpose 
than shifting weighty articles, but it 
contained elements of the early prin- 
ciple. Doubtless, even limited appli- 
cation disclosed that the amplification 
of currents by mechanical means 
brought to the surface natural difficul- 
ties which rendered the device at least 
troublesome. Not that this was the 
last to be heard of mechanical ampli- 
fiers and repeaters ! 

Needs of Submarine Telegraph 

By the year 1881, compared to the 
extensive use and world -wide applica- 
tion of land -line telegraph and sub- 
marine telegraph cables, the telephone 
was still little more than a toy, even 
though it was a lusty, challenging toy 
destined to have a great future. Corn - 
munication engineering problems of 
the day intrigued the vision and skill 
of the technicians identified with the 
companies handling the paying load of 
telegraph traffic, domestic and trans - 
ocean. Very long submarine telegraph 
cables had then been in operation for 
nearly twenty years. But they were 
slow in letters per minute per con- 
ductor. The scientific literature of 
that era discloses numerous ingenious 
efforts made to better the unit per- 
formance. It was a matter of Speed 
up the cables or begin the laying of a 
greatly increased number of subma- 
rine lines. 

The next link in the chain of devel- 
opment which might informatively be 
introduced is that covered in Muir - 
head's British patent No. 1624, of 
April, 1881, for improvements in elec- 
tric telegraphs. The Muirhead inven- 
tion was to facilitate the reception and 
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Figure 3 

In this invention 
there is a variation 
in the construction 
of the microphone; 
otherwise it is much 
like the circuits in 2. 

re- transmission of messages on long 
submarine cables, and employed a 
double -telephonic type repeater asso- 
ciated with the suspended coil of the 
cable recording receiver of that time. 

Consideration here of this device is 
of particular interest because Muir - 
head broke away from restraining 
thought by incorporating automatic 
translating apparatus operated by light 
beams. Actually, it was noted that the 
currents available were of sufficient 
strength to operate magnetic relays in- 
stead of telephone receivers. The 
hook -up is illustrated schematically in 
Figure 1. The meat of the device is 
an arrangement of two selenium cell 
units subjected to light reflected from 
a mirror form of receiving galvano- 
meter. Movement of the coil of re- 
ceiver R to the right causes the relay 
to the right to close its local contact. 
Movement of the coil to the left causes 
the relay on the right to open its local 
contact, and the relay on the left to 
close its local contact. The device 
was beautifully ingenious, but all that 
was accomplished was the closing and 
opening alternately of two local relays. 
The light -affected cells operated in- 
dependently, not cooperatively. The 
Muirhead device contained the germ 
of a far -reaching invention, but it re- 
mained for a later inventor to devise 
a selenium cell receiving system in 
which the light -affected cells acted co- 
operatively, and for another inventor 
to avail himself of the vacuum tube to 
accomplish in a different manner what 
the selenium cells accomplished. 

Double Microphone Action 

In the early days of the telephone, 
and since then, many experimenters 
have sat in profound contemplation of 
the phenomenon of the forward and 
backward movements of transmitter 
diaphragm, actuated by the sound 
waves of speech or song. If a half - 
century of time was to pass before 
someone thought of the device of at- 
taching a small, light armature firmly 
to a diaphragm, the armature to ex- 
tend into a magnetic coil, actuating el- 
ectrically a circuit connected to the coil, 
it is understandable why as many as six 
years elapsed before attention was at- 
tracted to the idea of doing something 
with both sides of the diaphragm. The 
diaphragm moving forward compréssed 
the carbon granules, or other med- 
ium thus varying the resistance of 
the circuit through the battery and 
primary winding of the transmitter in- 
duction coil. The notion that while 
the diaphragm was compressing the 
granules pocketed against one of its 
surfaces, it could simultaneously de- 
compress a like pocket of granules on 
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the other surface, in time occurred 
perhaps to more than one observer. 

Elementary, perhaps, but we are 
speaking now of the thinking of com- 
paratively primitive, of placid times. 
Tupper, in his Proverbial Philosophy 
reminds us : "The eye cannot make 
light, nor the mind spirit ; therefore it 
is wise in man to name all novelty in- 
vention." 

There was therefore at least a modi- 
cum of novelty in John Rapieff's pro- 
posal in 1882 (British patent 1020) 
for "An improvement in apparatus for 
transmitting and receiving sound." 
Rapieff, in his specifications refers to 
"Two or more groups of contacts...." 
And further : "... the added or double 
effect of the changes of the micro- 
phone's contacts, pressure and resis- 
tance will produce a differential action 
of the current on the primary coil, and 
consequently will effect a greatly in- 
tensified variation of the magnetiza- 
tion of the iron core and the induced 
currents in the secondary winding of 
the induction coil." There is little of 
public record to show whether or not 
actual service use was made of Rapi- 
eff's invention. We may however 
conclude from what is recorded with 
respect to other and later proposals 
based upon the same idea, that the dis- 
tortions introduced would have ren- 
dered talking circuits so burdened, as 
disturbing as a tempest. 

Possibly, though, had Rapieff been 
in position to associate himself with 
Edison, Redmond and Muirhead, in 
this undertaking, progress along the 
line of development, we are discussing, 
might have been accelerated. Sir 
John Hawkshaw, president of the 
British Association, said, in 1885, 
"Many a patient investigator has puz- 
zled his brain in trying to solve a 
problem which had yielded to a more 
fortunate laborer in the field, years 
before." But, until the advent of the 
great research laboratories, inventions 
recognized as being in the billion 
(more or less) dollar class in general, 
had a long ancestory, the individuals 
identified with them, often not on 
speaking terms. 

Obviously, with double -button mi- 
crophones it is not necessary to have a 
carbon button or pocket of granules in 
front of the diaphragm upon which 
the sound waves impinge. To the back 
of the diaphragm may be fastened an 
angular metallic extension so designed 
that a vertical element of the exten- 
sion plays horizontally between two 
carbons, providing for simultaneous 
compression and de- compression of the 
respective variable resistance ele- 
ments. 

A Link from Germany 

In Germany, von Laffert and Baut- 

Figure 4 

This system employs 
multiple contacts ac- 
tuated by a micro- 
phone operated 
lever, to vary the re- 
sistances of the arms 

of the primary. 

zen were granted patent 25,990 on 

February 29, 1884, covering a micro- 
phone providing for simultaneous util- 
ization of both sides of the diaphragm, 
and the use of two primary coils both 
of which induced current in a common 
secondary winding. Thus when the 
current in one primary coil was in- 
creased, and the current in the other 
primary winding decreased, simultane- 
ously, the two induced currents pro- 
duced by the two in the secondary 
were added to each other. Figure 2 

presents a schematic sketch of the 
assembly. It is possible in this devel- 
opment that the diaphragm extension 
could have been made light enough not 
to introduce too much inertia -slug- 
gishness. But the telephone art was 
still young and there was as yet much 
to be done with other elements of a 

successful telephone system before the 
distortions introduced by unpredictable 
variable resistances could be tolerated. 

Back fo the United States 

At about the same time that the at- 
tempt at amplification, referred to in 
the foregoing, was announced in Ger- 
many, C. D. Haskins took out U. S. 
patent 286,923, covering an almost 
identical microphone arrangement. 

At the time the Haskins' patent was 
taken out telephone lines were oper- 
ated as single wire, grounded circuits. 
The telephone transmitter most widely 
used was that invented by Francis 
Blake in 1878 ; a block of carbon and a 

metal diaphragm between which was 
mounted a small platinum electrode. 

the output induction -coil having a 

single primary and a single secondary 
winding. Haskins' offering, Figure 3, 

refers to two carbon blocks, C, C', two 
platinum contacts P, P' and a single 
diaphragm, a carbon block and a plat- 
inum contact on each side of the dia- 
phragm. 

It will be noted that this is identical 
with the von Laffert scheme, and as 
Haskins' claims coincide with those of 

the German inventor they may be 

quoted here : "... the effective current 
of the differential will be in reversals, 
and consequently the induced voice - 
currents in the main line will be in 

reversals corresponding to the differ - 
tial of the current in the two branches 
of the primary coil . . . while hereto- 
fore the current has been sent through 
the primary coil in one direction or in 
reversals." It is of importance to keep 
in mind the physical appearance of 

these early split- primary arrange- 
ments. The circuit will bob up again, 
later. Communication students will 

have in mind the words amplifier, and 
magnifier, but inasmuch as the von 
Laffert and Haskins inventions had 
to do with telephone transmitters, the 
word booster may also come to mind. 
Recalling that the Blake transmitter 
was a very sensitive and critical de- 

vice, fairly stable when points were 
accurately adjusted, the fact that it 

required frequent adjustment suggests 
why Haskins could say nothing more 
encouraging for his double- button ar- 
rangement of the Blake transmitter 

(Continued on page 110) 
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A REPORT ON THE 

THE fifteenth birthday of the 
IRE -RMA Fall Meetings in 
Rochester was celebrated in dis- 

tinctive fashion this year at the Saga - 
more. For unlike last year's one -day 
meeting, with no technical papers, 
this year's session lasted two days and 
saw the presentation of quite a few 
engineering papers. 

The papers presented covered such 
interesting subjects as transmitting 
and receiving tubes, capacitors, a -m 
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and f -m i -f systems, ceramics and crys- 
tals. 

Demountable and Sealed -off 
Tube Analysis 

Dr. I. E. Mouromtseff, assistant 
manager of the electronics engineer- 
ing department of Westinghouse at 
Bloomfield, New Jersey, reviewed the 
characteristics of demountable and 
sealed -off tubes. The paper prepared 
by Dr. Mouromtseff, H. J. Dailey and 
L. C. Werner covered the history of 
these interesting types of tubes from 
the days of the first World War. 

In defining the demountable vacuum 
tube, Dr. Mouromtseff recalled the 
discussion of Dr. R. V. Hansford in 
the textbook on The Holweck De- 
mountable Tube Valve by C. F. El- 
well. According to this definition, it 
is a tube "which can be taken to pieces 
and repaired like an engine" at the 
place of use. Dr. Mouromtseff 
pointed out that both the demountable 
and sealed -off types of tubes made 

Figure 4 
A semi -demountable tube construction de- 

sign, using the metal, kovar. 
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Figures I (left), 2 (center), and 3 (above) 
Figure I illustrates a British silica type tube, 
without a holder, and in the holder. This 
was one of the earliest types of demountable 
high -power tubes adopted by the British 
Navy. Figure 2 shows an assembly of a 
500 -kw demountable tube. In Figure 3 ap- 
pears the Westinghouse WL -895 tube with 
a rating of 100 kw. Incidentally, 12 tubes 
of this type are used in the well -known tin 
reflowing project developed at Westinghouse. 

their appearance about 1923. How- 
ever, he explained that the idea of de- 
mountable tube was originally sug- 
gested in England during the first 
World War, and an experimental 
water -cooled tube with an external 
copper anode was built by Hausser in 
Germany in 1918 and another one in 
Russia by Bonch -Brouevitch in 1920. 
Previously, he said, only 50- to 250 - 
watt glass type tubes were available. 
He recalled that in historical experi- 
ments on trans- oceanic telephony in 
1915 between Arlington, Virginia and 
the Eiffel Tower, Paris, several hun- 
dred 50 -watt tubes were used in par- 
allel. 

The need for tubes with higher out- 
puts became evident in America soon 
after the introduction of long distance 
communication and broadcasting. It 
was, of course, impossible, said Dr. 
Mouromtseff, to follow the early pat- 
tern. It became necessary, he said, to 
design and construct tubes with exter- 
nal copper anodes suitably cooled. 
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But, he explained, it was not until 1922 

that the art of making reliable joints 
between copper anodes and glass bulbs 
providing support and insulation to 
the grid and filament, was discovered. 

The British Navy adopted the de- 
sign of silica valves having up to 20- 

kw power in an effort to solve the high 
output tube problem, said Dr. Mou- 
romtseff. In describing these tubes, 
he pointed out that the cylindrical en- 
velopes and hemi -spherical end por- 
tions of these tubes were made of a 

pure quartz and sealed together. With 
the aid of molybdenum rods sealed 
through the quartz walls, up to 100 

amperes of current could be carried. 
To avoid the problem of glass and 

metal sealing, Professor Holweck in 

by LEWIS WINNER 
Editor 

France in 1923, designed a demount- 
able water -cooled tube assembled from 
pieces of rugged metal and glass (or 
quartz) with rubber gasket joints, said 
Dr. Mouromtseff. This interesting 
demountable tube, explained Dr. Mou-. 

romtseff, was adopted by the French 
Navy, who in 1927 installed approxi- 
mately 80 transmitters with 10 -kw 

tubes of this type. 
In 1929 both Westinghouse and 

General Electric presented the first 
two large tube types of the sealed -off 
type. And in the 1930's, explained 
Dr. Mouromtseff, these tubes were fol- 
lowed by a number of others with out- 
puts ranging from 100 to 350 kw. In- 
cidentally, said Dr. Mouromtseff, one 
notices that all tubes with more than 

ENGINEERING CONFERENCE REVIEW 

Figures 5 (right) and 
6 (left) 

In Figure 5, we have 
a close -up view of 
a General Electric 
developmental de- 
mountable pliotron 
of 100 -kw size. Note 
the demountable fila- 
ment assembly held 
by engineer at right. 
This is one of the 
tubes mentioned by 
O. W. Pike in his 

comments, at the 
conclusion of Dr. 
Mouromtseff's paper. 
In Figure 6, we see 

a conditioning and 
test position at the 
Western Electric 
tube shop, with a 

320A tube (the tube 
discussed by H. E. 

Mendenhall during 
the comment session 

on Dr. Mouromtseff's 
paper) being oscil- 
lated at 20,000 volts 
and approximately 
375 kw input. This, 

of course, was a de- 
mountable tube and 
one of the first high - 
power types made in 

this country. 

100 -kw output except for the recent 
Western Electric 320A, are of foreign 
make. This is due to the fact that the 
FCC has limited the carrier output of 

broadcast transmitters in this country 
to 50 kw. Of course, said Dr. Mou- 
romtseff, this can easily be taken care 
of by two tubes in push -pull with 100 - 

kw maximum rating per tube. The 
need for propaganda in Europe 
prompted the design and production of 
the larger tubes made over there, ex- 
plained Dr. Mouromtseff. 

Although the sealed -off type of tube 
has grown in popularity, demountable 
tube construction has not been aban- 
doned, pointed out Dr. Mouromtseff. 
In England a 500 -kw demountable 
tube was developed by the Metropoli- 
tan- Vickers Company. It owes its 
success to the development of a novel 
oil condensation pump developed by 

Mr. Burch of the Metropolitan -Vick- 
ers Company. Incidentally, said Dr. 
Mouromtseff, the oil condensation 
pump which has been improved in this 
country by Dr. Hickman of the East- 
man Kodak Company, is gradually re- 
placing the old mercury pump. 

In this country most of the prob- 
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lems of broadcasting and long distance 
communication have been solved by 
the use of sealed -off tubes, according 
to Dr. Mouromtseff. He showed that 
the WLW station in Cincinnati, for 
some time, operated in an experi- 
mental fashion with transmitters hav- 
ing a 500 -kw carrier or 2,000 -kw peak 
output using simultaneous energizing 
of the antenna by three power ampli- 
fiers in series, each amplifier using 
four 862 tubes in push -pull arrange- 
ment. 

According to Dr. Mouromtseff, 
British and American specialists be- 
lieve however that demountable tubes 
with much lower outputs of 100 or 50 
kw will be useful at u -h -f for television 
and f -m, operating at or about 60 
mc. He explained that for sup- 
pression of parasitics, the screen grid 
tubes should behave better as power 
amplifiers, than triodes. Thus, he said, 
the demountable tube is better adapted 
to multi- electrode design than the 
sealed -off tube. 

Demountable Tube Advantages 
The unlimited life appears to be the 

main advantage claimed by designers 
of demountable tubes, explained Dr. 
Mouromtseff. When a filament in a 
sealed -off tube burns out, its life is at 
an end, pointed out Dr. Mouromtseff . 

But in a demountable tube, the burned - 
out strand can be replaced. In addi- 
tion, demountable tube proponents also 
claim that these tubes can be over- 
loaded about 50 percent, without 
fatally damaging the tube. Of course, 
said Dr. Mouromtseff, there are dis- 
advantages too. For instance, there 
is the initial cost of the equipment for 
the demountable tube. In addition, he 
said, replacing a filament strand really 
means taking out the tube and allow- 
ing it to cool off before it can be re- 
paired. This means, he explained, the 
loss of some hours. Auxiliary equip- 
ment, of course, is also required to 
make the repair. In the Metropolitan - 

Vickers tube for instance, he said, 
hydraulic jacks must be used. The 
pump system is, of course, the most 
serious objection to demountable 
tubes, explained Dr. Mouromtseff. 

A semi -demountable type of tube 
using the metal, kovar, which was in- 
vented some 15 years ago, holds great 
promise according to Dr. Mouromt- 
seff. With the aid of this metal, seam - 
welding is possible. With this type 
of tube, the burned out filament can 
be opened at the factory by accurately 
cutting away the welded portion and 
closing the tube again without sub- 
jecting it to high heat and hazards of 
glass blowing fires, pointed out Dr. 
Mouromtseff. In this way, it is en- 
tirely possible that we may have a 
semi -demountable tube that possesses 

the one good point claimed . for de- 
mountable tubes, that of long life. 

Pike's Comments on Demountable Tubes 
At the conclusion of Dr. Mouromt- 

seff's talk, O. W. Pike of General 
Electric commented on the work of 
his company with demountable tubes 
in international broadcasting. Power 
for the equipment was supplied by two 
developmental gaseous rectifiers. 

The installation included two de- 
mountable tubes operating in push -pull 
on an international broadcast fre- 
quency of approximately 9,000 kc, he 
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Figures 7 (top) and 8 (below) 
In Figure 7 appears a schematic circuit for 
polarized dielectric discussed by R. B. Gray 
in his paper on ceramics. Figure 8 illustrates 
the voltage distribution of a polarized di- 
electric. (See opposite page for discussion.) 
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'said. The plate voltage was 7,500 and 
the plate dissipation, 150-kw per tube. 
The filament was overwound tungsten 
coated with thoria oxide and was of 
the 3 -phase replaceable variety. The 
useful output from the tubes was 75- 
kw carrier. 

The vacuum was obtained from spe- 
cially designed Apiezon oil diffusion 
pumps mounted in the base of the tube 
with an integral carbon trap. 

The installation was operated for 
several months but was finally super- 
seded by equipment using four GL -880 
tubes, plate modulated and giving 100 - 
kw output. In general the operation 
of the tubes was considered rather en- 
couraging and the development could 
form the basis for further work on 
high- vacuum demountable tubes, al- 
though at the particular power and 
frequency of this installation, the 
880's are more economical, he con- 
cluded. 

Mendenhall's Discussion 

Interesting data on demountable 
tubes were also presented in the com- 
ment session, by M. E. Mendenhall of 
Bell Labs. Mr. Mendenhall said that 
over five years ago when there were 
still prospects of using higher power 
than 50 kw, some experience was ob- 
tained on a demountable tube. After 
development work was completed on a 
250 -kw tube to be manufactured by 
Western Electric as the 320A, he said, 
the English and French work on de- 
mountable continuously pumped tubes 
was reviewed. 

In the light of some, experience with 
eight 320A vacuum tubes operated in 
a Mexican station before the Havana 
Treaty, it was hoped some station in 
this country could be interested in try- 
ing a demountable tube installation 
which would operate in conjunction 
with their standard equipment. It was 
visualized, he pointed out, that the 
standard sealed -off tube complement 
would be used for relatively short in- 
tervals to carry the program during 
the times required for maintenance of 
the demountable tubes, such as fila- 
ment replacement, exhaust and high 
voltage conditioning. 

Three -phase filament power of ap- 
proximately 40 kw and sufficient anode 
cooling area to dissipate 500 kw was 
built into a giant ten -foot model. Fol- 
lowing Dr. I. E. Mouromtseff's experi- 
ence at Westinghouse with the ÁW- 
220 tube, said Mr. Mendenhall, a 
water -cooled grid was incorporated 
into its design. 

With the growing appreciation for 
the need of higher radio frequency 
powers for certain heating application 
mentioned by , Dr. Mouromtseff, it 
seems certain, pointed out Mr. Men - 
denhall, that demountable tubes will 
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These curves 

Figures 9 (above) and IO (right) 
are explained in the review of Mr. Gray's 

paper below. 

enter the electronic tube picture in this shown in Figure 8. Mr. Gray ex- 

country as well as in England where plained that when the voltage is first 

we believe they have been used suc- applied, the voltage distribution will 

cessfully for several years. he substantially linear across the sam- 

ple, but the body conductivity will re- 

sult in the appearance of a virtual 

FEW materials have so in- plate very close to the negative plate. 

trigued radio engineers as cera- At the same time, he said, the resistiv- 

mics, particularly those with high ity of this small region is increased. 

dielectric constants. It was with keen The result is a non -linear distribution 

interest, therefore, that everyone of voltage so that the discharge will 

listened to R. B. Gray's paper on Op- form polarized layers on the other 

erating Characteristics of Ceramic plate and trap charge in the dielectric. 

Dielectrics with Constants Over 1,000. If the conditions at one plate are not 

Mr. Gray, who is a physicist with the same as that at the other, he ex- 

the Erie Resistor Corporation, pointed plained, the sample will appear to have 

out that the highest dielectric constant more or less permanent electric 

material that had been known, in- charge. 
eluding metals, was rochelle salt. This The materials are non -linear in their 

has a dielectric constant of 800. Cera- response to the applied voltage as a 

mic dielectrics which are a little over result of this. The capacity will ap- 

two years old have, however, a much parently increase as the voltage is 

higher constant in certain cases, ex- increased. 
plained Mr. Gray. These materials Another effect which changes the ca- 

are crystalline and generally have a pacity of these materials, he explained, 

crystal transformation in their active is the result of the crystal transforma- 
temperature range. During this crys- tion which occurs above room tern - 

tal transformation, the structure is perature in the higher members. This 

collapsing into a smaller volume re- apparently continues for extremely 
suiting in a dielectric constant peak. long times in an attempt to reach equi- 

The insulator materials which have librium, pointed out Mr. Gray. Figure 
constants of just over a thousand at 9 shows the decrease in capacity over 

room temperature, explained Mr. a period of a year. This aging is not 

Gray, can be greatly increased in di- a moisture effect since the same curves 

electric constant, converting them into are obtained either in a dessicator or 

semi- conductors so that they have a in atmospheric air at an average of 

polarized layer. This results in a very 75% to 80 %, relative humidity air. 
greatly increased capacity and dissipa- While the materials themselves are 

tion factor at low frequencies. at least partially soluble in water, con - 

A dielectric may be represented by eluded Mr. Gray, they can be fairly 

the schematic circuit shown in Figure well protected from the effects of 

7, except that the relaxation time re- humidity by the standard methods 

quires that the resistance RB consist of used for other ceramic condensers. 
a great many parallel resistances of 

different values so that the relaxation 
time of the dielectric will be spread and wide band features, 

out over a much wider frequency characteristics of f -m receivers, 

band. The voltage distribution of such require that the i -f system re- 

a polarized dielectric is, in effect, ceive careful design consideration. 
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Gray's Paper on Ceramic Dielectrics 

I -F Transformers for F -M 

With present limiters approximately 
five times as sensitive as earlier types 
and present day f -m transmitters pro- 
viding a frequency deviation of plus 

or minus 75 kc, the i -f amplifier must 
possess design features that will ac- 
commodate these provisions. In a 

paper on The Design of 1 -F Trans- 
formers for F -31 Receivers, William 
H. Parker, Jr., project engineer of 

Stromberg- Carlson Company, ana- 
lyzed these and other problems com- 
mon to f -m receivers. 

He pointed out that it has been es- 
tablished in practice that an attenua- 
tion of 6 db at plus and minus 75 kc 

from the mean i -f is acceptable. A 

receiver sensitivity of five micro -volts 
is highly desirable, he explained, from 
practical considerations of a field test. 
Accordingly, he continued, for a value 
of one volt at the limiter grid, a gain 
through the receiver of 1,000,000 /5 or 

200,000 will be necessary. At 50 

megacycles it is possible to obtain an- 

tenna gains of 2 and r -f stage gains of 

5, providing an overall r -f gain of 10, 

he explained. 
Today, the f -m band covers from 42 

to 50 megacycles. To eliminate image 
response due to f -m stations, an i -f 

value greater than 4 mc would be ac- 

ceptable, explained Mr. Parker. But 
8 mc or greater would be more desir- 
able since it will eliminate, in addition, 
response from two stations separated 
by the i -f. In explaining this point, 
Mr. Parker pointed out that if the f -m 

band should be extended to 60 mc, the 
desired value of i -f would increase 
proportionately. Thus, he said, a 

band -width of 18 mc should have an 

i -f of at least 18 mc. 
To satisfy these conditions, ex- 

plained Mr. Parker, there has been a 

gradual upward trend in i -f choice. A 

frequency of 1,700 kc was used in the 
first experimental receivers. This had 
an advantage, said Mr. Parker, in that 
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SELECTIVITY 
INREE STAGES 

FREQUENCY- 8.2 M.C. 

ACTUAL 
CURVE 

200 100 O 100 200 
KILOCYCLES OFF RESONANCE 

the gain per stage was good and the 
desired selectivity could be readily ob- 
tained. Of course at that time the 
f -m spectrum covered only 42 to 45 
mc. The wave band expansion, how- 
ever, he continued, and the additional 
stations on the air have prompted the 
upward i -f trend. A frequency of 2.1 
mc was used in some early receivers. 
Later, explained Mr. Parker, this was 
changed to 3.2 or 3.3 and at present 
many use 4.3 mc. 

The introduction of the 6SC7 and 
6SH7 tubes provided considerable im- 
provement in overall stability and 
aided in improving the amplifiers us- 
ing 4.3 mc. Mr. Parker explained 
that this was due to the fact that the 
plate -to -grid capacitance of this tube 
is low, and separate cathode prongs 
provided for the grid and plate return 
circuits reduces the coupling between 
these two circuits to a minimum. 

An amplifier with an i -f of 8.2 mc 
is not too difficult to construct, accord- 
ing to Mr. Parker. And by trying 
several values of circuit Q and calcu- 
lating the shapes of these curves from 
Universal Selectivity Curves, we ar- 

-200 -150 -100 -50 
KILOCYCLES 

+ 50 +100 +150 200 
OFF RESONANCE 

8.2 MEGACYCLES 

I CHARACTERISTIC 

Figures II (left) and 12 (above) 
The Parker overall selectivity and discriminator characteristic 
curves analyzed in his paper on i -f transformers in f -m 

receivers. 

rive with a Q of about 45, explained 
Mr. Parker. The coil used for this 
purpose consists of a A" Isolantite 
form on which is wound 36 enameled 
wire. When resonated at 8.2 mc, the 
Q in air is 75. However, explained 
Mr. Parker, loading this coil with a 
47,000 -ohm resistor and placing the 
combination in a shield can reduces 
the Q to approximately 45. 

In Figure 11 appears the overall 
selectivity curve after a modulator 
stage has been added. The gain 
throúgh this stage at the i -f is identical 
to that for the preceding two stages or 
35, pointed out Mr. Parker. There- 
fore, if we assume that conversion 
gain would be 1/3 of this value, the 
gain for this stage is approximately 
12. Accordingly, continued Mr. 
Parker, the overall gain for this par- 
ticular amplifier is the product of 12 
times 35 times 35 or 14,700, which is 
somewhat below the desired gain value 
of 24,000. Thus, it is safe to conclude 
that an i -f amplifier can be constructed 
at 8.2 mc by using ordinary design 
precautions. 
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Figures 13 (left) and 
I3A (right) 

In Figure 13 we have 
two types of vacuum 
capacitors developed 
by General Electric 
and described by 
George Floyd in his 
paper on vacuum ca- 
pacitors. In Figure 
I3A are two types 
of evacuated enve- 
lopes used in vac- 
uum capacitors. At 
A, a flare -to -bulb 
type of seal is em- 
ployed, while in B, 
the fernico -to- glass, 
edge -type seal is 

used. 

In F igure 12, appears a curve of 
the discriminator characteristic. This 
shows that good output was obtained 
and the characteristic is essentially 
linear over the operating range from 
plus to minus 75 kc on either side of 
the resonant frequency. 

In summarizing, Mr. Parker pointed 
out ... (1)- higher values of i -f are 
desirable than are now being used par- 
ticularly if the present waveband is to 
be widened; (2) -a frequency of from 
16 to 20 mc should afford best per- 
formance ; (3) -an i -f amplifier at 8.2 
mc is not too difficult to construct, but 
higher frequencies require special 
treatment; (4) -the 8.2 mc i -f chan- 
nel is recommended for lower priced 
receivers, and 16 mc is recommended 
for more expensive models where 
more elaborate shielding can be used. 
Vacuum Capacitors 
INCREASED use of communica- 

tions equipment in aircraft, flying 
at extremely high altitudes, have 

required development of many unusual 
components. Among these we find the 
vacuum capacitor. This interesting 
unit was described by George H. 
Floyd of General Electric, in a paper 
entitled Vacuum Capacitors. 

Capacitors of this type are now be- 
ing produced by G. E. in sizes rang- 
ing from 25 to 100 mmfd at peak 
voltages of from 7,500 to 16,000. 
And, in many instances, these units 

A 

1 
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"It pays to have rigid specifications - eh boys ? ". . 

HYTRON TOLERANCES ARE 
TIGHTER THAN CUSTOMER 
TOLERANCES 

When measuring aesthetic curves, or 

when conducting electrical and mechan- 

ical tests on vacuum tubes, the more 

stringent the adherence to accepted stand- 

ards, the more desirable the resulting 
selection. 

Impracticable as it is to manufacture all 

tubes of a given type exactly alike, it is 

possible to insure against slight meter in- 

accuracies and the human element by 

observing specification tolerances tighter 

than customers' requirements. Each Hytron 

tube is thus made to fit precisely the cir- 

cuit constants with which it must operate. 

For example, strict observance of specifi- 

cations for grid -to -plate capacitance makes 

easier the adjustment of tuned circuits to 

any Hytron tube of the chosen type. 

Simplify your design problems for initial 

and replacement tubes by taking advan- 

tage of Hytron's insistence upon close 

tolerances. Specify Hytron. 

OLDEST EXCLUSIVE MANUFACTURER OF RADIO RECEIVING TUBES 

PORT, 
MASS. 
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are 1 /10 as small as the variable ca- 
pacitors of equal capacity. 

There are two types of envelopes in 
use for these capacitors, Figure 13. In 
type A the flare -to -bulb type of seal is 
used and in type B, the fernico -to- 
glass, edge -type seal is employed. The 
first type, A, explained Mr. Floyd, 
makes use of any combination of metal 
and glass, whose coefficients of ex- 
pansion match well enough to allow a 
seal to be macle. The second type, B, 
uses end cups of fernico which is an 
alloy of iron, nickel and cobalt and a 
boro- silicate glass with the same ex- 
pansion coefficient, said Mr. Floyd. 

In Figure 14 we have a cross sec- 
tional view of a typical 50 -mmfd vac- 
uum capacitor. In this unit A is a 
coaxial cylinder. Overall length of 
this unit is 3 5/16" and its diameter 
is 1% ". 

The thickness of the coaxial cylin- 
der is limited in one case by the 
strength required, explained Mr. 
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Figures 14 (left) 
and 15 (right) 

In Figure 14 appears 
a cross -sectional view 
of a vacuum capaci- 
tor having a capac- 
ity of 50 mmfd. In 
this unit the coaxial 
cylinder type (A) is 
used. The overall 
length of this unit is 

3 5/16" and its di- 
ameter is 1 5/8". 
This capacitor will 
have a temperature 
rise of 40° C when 
operated at 6 mc, 
10 amperes root 
mean square current 
and 7.5 kv peak 
voltage. In Figure 
15 are the results of 
a vacuum capacitor 
temperature test, 
showing that the 
temperature rise va- 
ries directly with the 

frequency. 

Floyd. Cylinders which are too thin 
are naturally hard to mount. But on 
the other hand, continued Mr. Floyd, 
increasing the thickness of the cylin- 
ders, cuts down the spacing, decreases 
the voltage breakdown and increases 
the capacitance. In the model shown, 
a thickness of 0.010" was found satis- 
factory. 

In vacuum capacitors the losses can 
be attributed to two sources, said Mr. 
Floyd. These are ... (1)- resistarice 
loss in the metallic structure and (2) 
-ionic loss to the material subjected 
to the high frequency field. The re- 
sistance loss at frequencies up to fifty 
megacycles may be considered as neg- 
ligible, explained Mr. Floyd. 

In Figure 15 appears results of a 
temperature test which shows that the 
temperature rise varies directly with 
the frequency. 

In discussing voltage and current 
relationships, Mr. Floyd pointed out 
that in comparison to capacitors sub- 
ject to atmospheric pressures, the 
breakdown voltage of a vacuum ca- 
pacitor is relatively more constant 
throughout life. A voltage surge 
above the rating of the capacitor does 
not puncture the dielectric, continued 
Mr. Floyd. And the tendency is for 

A nomograph 
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Figure 16 

for a 50 -mmfd vacuum 
capacitor. 

the capacitor to clean up. Accord- 
ingly, explained Mr. Floyd, the volt- 
age breakdown normally reverts to its 
original value. In operation, he said, 
there is no dielectric to deteriorate 
with time. 

The vacuum capacitor diagrammed 
in Figure 14 will have a temperature 
rise of approximately 40° C when op- 
erated at 6 megacycles, 10 amperes 
root mean square current and 7.5 kilo- 
volts peak voltage, said Mr. Floyd. 

Humidity has no effect on the ca- 
pacitance of the vacuum capacitor, 
pointed out Mr. Floyd. He said that 
since moisture can only affect the 
outside surface of the capacitors, high 
humidity may cause a slight leakage 
current across the outside of the 
capacitor. 

Vibration, of course, does not affect 
this type of capacitor either, said Mr. 
Floyd. In flat -plate capacitor con- 
struction vibration does cause a dis- 
placement of the plates and consequent 
capacitance change which is in direct 
ratio to the displacement. However, 
in cylindrical- construction vacuum ca- 
pacitors this does not occur, explained 
Mr. Floyd. 

In concluding, Mr. Floyd pointed 
out that the main advantages of vac- 
uum capacitors were . . . (1)- stable 
dielectric constant ; (2)- stable in- 
ternal voltage breakdown ; (3) -low 
loss; (4)- ability to withstand over- 
voltages ; (S)- minimum of mainte- 
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nance. He also emphasized the point 
that these capacitors are unusually 
small, sturdy and interchangeable 
since they have been designed for plug 

application. 

Jones' Paper on 28 -Volt Tubes 

I RCRAFT communications also 
played a major role in the paper 
of Walter R. Jones, manager 

of the commercial engineering depart- 
ment of Sylvania. In a discussion on 

28 -volt operation of tubes, he told of 

the increasing use of the standard 28- 

volt airplane power supply for oper- 
ation of radio equipment. The 28D7 
double beam power tube developed by 

Sylvania has led to a number of in- 
teresting applications, said Mr. Jones. 

This tube is operated with the plate 
and screen voltages obtained from a 

28 -volt storage battery. The operat- 
ing supply voltage, during flight. 
varies from 27.5 to 28.5 volts and 
when the plane is grounded the volt- 
age may drop to as low as 22. And, in 

some instances, the gasoline driven 
generator which may be connected to 
the supply source may raise the volt- 
age to 32. However with this tube, 
the drop in power output is approxi- 
mately 3 %, with these heater voltage 

14J7 
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Figures 17 (left), 18 

(upper right), and 19 

(lower right) 
In Figure 17 are cut- 
away views of the 28- 
volt tube, described by 
Walter Jones. In Figure 
18 appears plate char- 
acteristics of the 28- 
volt tube. Figure 19 il- 
lustrates a typical trans- 
former coupled driver, 
using a pair of 28 -volt 
tubes. At .25 volt E,Ig. 

to the driver, the power 
output is 22.3 mw and 
the total distortion is 

4.8 %. When the E. I1: 

drive is 1.75 volts, the 
power output is 600 mw 

and the total distortion 
10.6 %. Incidentally, the 
second harmonic distor- 
tion at this voltage in- 
put is 1% and the third 

harmonic is 10.5 % 

variations, explained Mr. Jones. 
The tube consists of two beam am- 

plifier units in the same envelope. The 

control grid and plate of each section 

are brought out to separate pins. 

There is a common terminal for the 

cathodes and for the screen grids. The 
heaters are connected in series intern- 
ally but the cathodes are not tied to 

either heater terminal. 
The two sections of the tube may 

be operated separately, connected in 

parallel or push -pull. Where each sec- 

tion is used as a single -ended ampli- 
fier, the load per section should be 

4,000 ohms to insure reasonably low 

second and third harmonics, explained 
Mr. Jones. With the two sections in 

parallel the load is approximately half. 
When push -pull is used the load per 
section should be 3,000 ohms, for with 
this value the third harmonic is low 

and the second harmonic, although 
high, will cancel due to the push -pull 
circuit, said Mr. Jones. Accordingly, 
a plate -to -plate load of 6,000 ohms is 

necessary. 
The high power output rating of 

this tube makes it suitable as a power 
supply, according to Mr. Jones. He 
showed that power outputs up to 725 
milliwatts at medium voltages of 50 

to 250 volts and output voltages of 

Figures 20 (right) and 21 (left) 
In Figure 20 appears the response charac- 
teristics of a transformer -coupled 28 -volt 
type tube. Figure 21 is a block diagram 
of a receiver using low mu and pentode 
type tubes in association with a 28 -volt 
tube, in a typical aircraft type receiver. 
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500 to 600 for lower power require- 
ments could be obtained by rectifying 
and filtering the voltage developed 
across a coil coupled to the tank cir- 
cuit of the tube as a self -excited 
oscillator with only 28 volts supply. 

To drive the 28D7 to rated power 
output under low voltage conditions, 
a number of low mu triode tubes using 
resistance coupling can be used, ex- 
plained Mr. Jones. Pentode tubes can 
be used too, he said. 

In Figures 17 to 21 appear . . . an 
illustration of the 28D7; plate charac- 
teristics ; a transformer coupled driver ; 

transformer coupling characteristics; 
and a block diagram showing a typi- 
cal receiver employing the low mu and 
pentode type tubes, used in conjunc- 
tion with the 28D7. 

I -F System Design 

THE design of i -f systems 
also served as the basic of a 
paper by John E. Maynard of 

General Electric. This paper, entitled 
Aids for the Design of I -F Systems, 
covered the problem of determining 
the character of the i -f system re- 
quired to hold the desired signal and 
rejecting the undesired adjacent sig- 
nal. In the October issue of Com- 

(Continued on page 114) 
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Figure I 

A typical coaxial cable installation in 
which total expansion and differential 
expansion are allowed by proper in- 
stallation of conventional cables and 
cable accessories. A cable is solidly 
attached at these points, by use of 
pipe straps or other means. AA cable 
is solidly attached as shown. This at- 
tachment is at least 5' above the 
adjacent junction box, to permit the 
cable below AA to swing the re- 
quired amount. B attachments must 
permit cable to slide lengthwise as it 
expands. If the cable is attached at 
C, the attachment must permit it to 
swing crosswise 2" to allow for expan- 
sion of the 200' length. S inner con- 
ductors are joined as shown with a 
solid connection. F inner conductors 
are joined with 11/2" of flexible cop- 

per braid. 

COAXIAL CABLE EXPANSION 
by 

DR. VICTOR J. ANDREW 
Andrew Company 

THE expansion and contraction 
of coaxial cables with varying 
temperature can cause breaks 

or short circuits in cables. Proper 
means must be provided to permit 
such expansion and contraction with- 
out damaging the cable. 

Two forms of expansion must be 
considered. The first is total expan- 
sion, or the expansion of the entire 
cable (both outer and inner conduc- 
tor). The other is differential expan- 
sion, or the difference in expansion 
of the outer and the inner conductors 

Figure 2 

An installation with an unusually long straight 
run. The total expansion and the differential 
expansion are both divided into two halves. 
A is an anchor joint which solidly fastens 
inner conductor to outer conductor. The 
cable is solidly mounted at or near this joint. 
F represents flexible inner connectors. C 
represents any attachments within 5' of the 
junction box, which must permit necessary 

cross motion of the cable. 

of the cable. The total expansion of a 
cable amounts to a variation of about 
one inch in 100 feet as the temperature 
varies between the coldest winter 
weather and the hottest summer 
weather. 

The differential expansion depends 
on the difference in temperature be- 
tween the two conductors, and is 
naturally very small. It may ordi- 
narily be neglected if the cable is sheltered from direct sunshine and di- 

rect rain. In one particular case it 
becomes of major importance. This 
is in the case of a buried coaxial 
cable of the hard copper type. In a 
buried cable, the friction between the 
outer conductor and the soil is suf- 
ficient to prevent the outer conductor 
from contracting. The inner conductor, 
however, is quite free to move. Such 
installations have been known to have 
caused the pulling in of the inner con- 

(Continued on page 120) 
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Crystals are doing a vital war job 

approved precision Crystals are in use on 

every fighting front doing an .unseen, but all 

important function with the communications 

equipment of our armed forces. 

PRODUCTS COMPANY 
1519 McGEE STREET KANSAS CITY, MISSOURI 
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THE ORIENTATION 

ORIENTATION or set -up of 
quartz is the name applied to 
the process of mounting the 

mother quartz so that it may be wafered 
or cut in any predetermined direction. 
There are many individual methods of 
orientation for various cuts of crystals. 
In this paper we will discuss instru- 
ments and methods of orientation for 
the BT cut crystals. 

The BT cut crystal is a shear oscil- 
lator whose frequency is determined 
mainly by its thickness dimension. 
With respect to the mother quartz its 
faces are parallel to an X -axis and 
make an angle of 49 °30' with the 
Z -axis and an angle of 11°17' with a 
major rhomb face. 

A simple method of mounting and 
orientation for BT cutting uses a 
masonite board, /" by 4" by 4 ". A 
cement is made of plaster of paris or 
a thermoplastic glue and fine sand 
mixture. After determination and se- 
lection of a major rhomb' face of the 
raw quartz, the quartz is pressed into 
cement mixture onto the masonite 
board. Using two small machinists' 
squares, the quartz may be adjusted so 
that both a major rhomb face and its 

by SIDNEY X. SHORE 
Project Engineer, Crystal Division, North American Philips 

Company, Inc. 

prism side are perpendicular to the 
masonite base. This sets an X -axis 
perpendicular to the masonite base 
board. The cement is then set by heat 
or air drying and the quartz is ready 
for wafering. If the masonite base is 
set under a saw blade which is per- 
pendicular to it, the blade is parallel 
to an X -axis. The blade may be ro- 
tated about this X -axis to make any 
desired angle with the Z -axis. 

This orientation method is primitive 
and useful if other orientation mate- 
rials are not available. Only regular 
prismatic quartz having at least, one 
major rhomb face and associated prism 
side may be set up in this way. If this 
technique is necessary and only the 
apex faces of the quartz remain, an 
apex face marking jig and diamond 

This is the second of a series of articles 
covering a detailed analysis of crystal 
manufacture. In subsequent papers, 
Mr. Shore will discuss sawing and 
lapping, and finishing and testing. 
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Left, regular prismatic quartz showing prism 
side with steps commonly called growth lines. 
Prism side diverges towards top and term- 
inates in minor rhomb face. Note the small 
crystal growing out of the prism side. Above, 
X -axis polarity checking electrometer. The 
indicator is set to center with no crystal in 
the vise. The crystal is set between the jaws 
with an X -axis approximately perpendicular 
to the jaws and compressed. The direction 
of swing of the meter indicates polarity of 

the lower end of the X -axis. 

pencil may be used to scribe a line 
parallel to the X -axis on the major 
rhomb face. If the quartz is twinned 
and an incorrect choice of major 
rhomb is made, the rock may be a total 
loss. 

In order to derive the maximum ac- 
curacy and efficiency in orientation and 
sawing, it is necessary to utilize our 
physics and mechanics and in such 
fashion as to have a minimum of 
quartz waste. It is imperative that we 
know that the wafers cut from the raw 
quartz bear the proper angular rela- 
tionship with the X- and Z -axes and 
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OF QUARTZ CRYSTALS 
A D i s c u s s i o n of T h e I n s t r u m e n t s 

a n d M e t h o d s A p p l i e d in O r i e n t a t i o n 

o f B T C u t C r y s t a l s 

lie properly with respect to a major 
rhomb face. 

Mounting a mother on some sort of 

solid platform with its crystallographic 
axes bearing a definite predetermined 
relationship to the mounting base, ne- 

cessitates a precise orientation proce- 
dure. The base is fastened to the table 
of a precision quartz saw and the de- 

sired cuts are then made. 
Quartz crystals have interesting and 

useful physical properties making pos- 

sible their orientation in any desired 
fashion with respect to the mounting 
plate. 

Crystalline quartz is made up of 

atomic spirals of silicon and oxygen 
whose axes are parallel to the Z -axis. 
It is optically active and birefrigent. 
During the past two years x -ray dit- 

fraction apparatus has been specially 
developed for the quartz crystal in- 

dustry to aid in orientation. 

Use of X -Rays 

A short discussion of crystal diffrac- 
tion of x -rays applied to quartz will 
illustrate how easily the technique may 

be used in orientation. 
It is possible to draw planes through 

a quartz crystal in various directions 
to include large numbers of either 
silicon or oxygen atoms, or perhaps 
some of each. These directions con- 
stitute atomic planes which may act 
much as the slits in a visible light 
diffraction grating. Visible light waves 
are too long to be diffracted by the 
atomic planes, but x -rays have the 
proper order of magnitude of wave- 

CRYSTALLOGRAPHY 

length to be diffracted by the atomic 
planes. Bragg's law which holds rot- 

the visible light diffraction grating 
may be derived similarly for the atomic 
planes of a crystal. In Figure 3 we 
see these atomic planes that are made 

up of rows of atoms spaced a distance 
d apart. 

Assuming a bundle or wavefront of 

x -rays of wavelength X incident on the 

planes, at an angle B with them, the 
atoms will be excited and act as sec- 

ondary sources of x -rays. At a critical 
angle of B, the secondary wave -fronts 
will be in phase and will reinforce one 

another. This is true when the differ- 
ence in path of the x -ray beams travel- 
ing to and from atom A and atom S 
is one wavelength long, or any integral 
multiple of wavelengths. From trigo- 

At left, parallelogram -etch pattern on a YZ- plane, showing 

the optic axis direction and the major rhomb face direction 
of a left -hand quartz crystal. Below, a phantom photograph 

of an x -ray tube mounted in place on the x -ray machine. 

The filament is to the right; the anode, to the left, has large 

black radiating fins to dissipate large quantities of heat 

developed in the anode. The exit window for the x -ray beam 

appears between the two u straps fastening the tube to 

the mounting base. 
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Fon LIBERTY'S SAKE ... 

Manufacturers of Radio Equipment 
14th & Chestnut 'r Kansas City, Mo. 
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Our Liberators are winging global routes, 

chartered and uncharted, in the fight to make 

all men free. Wherever military or civilian 

planes fly, Wilcox Radio equipment is help- 

ing maintain dependable communications. 
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isometry we can set up the equation : 

NB MB 
sin O = -= - 

d d 

but NB + MB = X at critical angle B, 

and NB = MB = - 
2 

A 

therefore sin O = - 
2 

Most generally we write, 
2d sin B = n A 

Where n is any integer. 
The critical angle B, is called the 
Bragg angle. 

The general equation has four pos- 

sible variables. For a discrete set of 
atomic reference planes d is fixed. 

For a given x -ray, tube target material 
of the x -rays is fixed. For a first 

order reflection, which is most com- 
monly used, n equals unity. This 
leaves only B, as unknown and we can 

measure the critical angle within 1 

to 3 minutes. If diffraction from 

another set of reference planes is de- 

sired, only d will change and O will 

change accordingly. The x -ray tubes 
now used in the crystal industry have 
copper anodes with characteristic 
wavelength of x- radiation of the K 

a 

line equal to 1.54 X 10-8 cm. 

The atomic planes make definite 
angles with respect to the crystallog- 
raphic axes. Identification of the 
planes is commonly accomplished by 
the use of Miller indices. Briefly, 
these index numbers represent the 
reciprocals of the intercepts of the 
atomic plane on the three two -fold 
unit X -axes of symmetry and on the 
unit Z -axis of three -fold symmetry. 
The Miller index notation of atomic 
planes of crystals is adequately de- 
scribed in various texts on crystallog- 
raphy. Four index numbers are 
needed to describe the atomic planes 
in quartz, and these correspond to in- 
tercepts on each of the three X -axes 

CRYSTALLOGRAPHY 

Figure 3 

This drawing illus- 
trates the rr#ethod of 
derivation of Bragg's 
law for crystalline 
diffraction engrav- 

ing. 

(C) 

h =2 b approx 
for etch figures 
on minor faces. 

b 

4h =5b approx 
for etch figures 
on major faces 

( 
D) 

39° 40' 
r 

70°10' 
70°101 

,41F" 130°-134° 

Figures I (left) and 2 (above) 

Figure I (A) shows a diagram of an X -axis 

polarity checker. In place of the rectifier 
shown, power can be supplied from a I10- 
volt a -c line. In (B) we see the relationship 
of ... (1)- handedness of quartz; (2) -the 
polarity of the X -axis on compression, and 

(3) -the position of major and minor rhomb 
faces in untwinned quartz. Figure 2(C) illus- 

trates natural spherical triangle etch patterns 
on rhomb faces of quartz crystals which may 

be used to distinguish between major and 

minor faces. They do not often appear. 
In (D) we have an apex face marking jig 
that may be used with a diamond pencil 
to scribe a mark on a major or a minor 
rhomb which is parallel to an X -axis direction. 

and on the Z -axis. For example, the 
atomic plane parallel to the major 

rhomb face is noted as the 1011 
plane, identified as the one, zero, minus 
one, one plane. Since the third index 
number is always the negative quan- 
tity of the algebraic sum of the first 
two index numbers, it is often omitted 

and the 1011 plane may be written as 

the 10.1 plane. Figures 4 and 5 

illustrate the characteristics of the 
more commonly used atomic reference 
planes in quartz. 

A schematic drawing of the 10.1 

plane set in an x -day diffraction ap- 
paratus is shown in Figure 6. The 
Bragg angle Bi is 13 °18'. Therefore, 
the x -ray collector is set at 2 0, or 
26 °36' with respect to the incident 
x -ray beam. An early type of col- 
lector was an air ionization chamber 
connected to a d -c amplifier, Figure 
7. Since d -c amplifiers are some- 
times unstable and a resistance of 
some 100,000 megohms is usually nec- 
essary in the ionization chamber cir- 
cuit for adequate sensitivity, an admir- 
able substitute has been found. This 
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CI .I Minor Rhomb 
(ZZ' ° 36'13' ) 

20.3 
(2Z=49 °461, 

10.2 
(ZZ' =57'33'' 

103 
(2x' =6 7'3' 1 

00.3 
Basal Plane_ 

(ZZ 90.1 -- 

(al 

10.1 
Ma)orR homb 
(ZZ'=38'13') 

6 

7 
90, 

`'IO.O Prism Side 
GM s (ZZ' =0° 

ATOMIC PLANES IN QUARTZ 
SOMETIMES USED IN ORIENTATION 

n =1 and X.I 54A for Cu,KaLire 

MAJOR RHOM9 
MINOR RHOMB 
PRISM SIDE 
BASAL PLANE 
2nd ORDER PRISM 

67'3' with axis 
57'3.3wiihZ axis 
49046'WIt1,Zaxis 

MINOR BRAGG 
INDICES ANGLE 

e' 

I OT I 13' 18' 

C I I I 1.3.18' 
1 O T O 10'26' 
0003 2521' 
1120 18'18' 
OÌ 3 27'40' 
OT2 19'45 

2023 34'7' 
2022 27'28' 

is the gas ionization tube, known as 
Geiger -Muller tube, used with a 
single 6C5 amplifier, or other similar 
amplifier, and 0 -1 ma meter. This 
method has proved exceptionally stable 
and sensitive and is now in common 
use. The Geiger -Muller tube consists 
of a cylinder of brass or carbon with 
an axial length of tungsten wire sup- 
ported at one end, enclosed in a glass 
envelope, and with an exceedingly thin 
window at the free end of the tungsten 
wire. It generally is filled with an 
atmosphere of anywhere from 3 to 20 
mm pressure of argon gas. With a 
high potential across the cylinder and 
wire electrodes, an x -ray photo strik- 
ing an argon atom energizes and ion- 
izes the atom. As the ion is attracted 
to the cylindrical electrode, and the 
electrons to the wire, secondary ioniza- 
tiontion occurs from collisions with 
other gas molecules and relatively 
high currents are obtainable. 

The actual mechanics of measure- 
ment of crystal angles is simple and 
is adequately described in the operat- 
ing instructions of various commercial 
x -ray diffraction units. 

The necessity for accuracy in orien- 
tation may be illustrated by the tem- 
perature coefficient curves of Figure 

Figures 4 and 5 (left) and 6 (below) 
Figure 5 (b) shows atomic planes in quartz 
sometimes used in orientation procedures. 
Figure 4 (a) illustrates some of the atomic 
reference planes shown in position in a 
quartz mother. In Figure 6 appears a sche- 
matic illustrating a quartz wafer placed in 
the x -ray machine so that reflection is 
picked up from the ion atomic reference 
plane. In effect the measurement indicates 
the angle between the reference plane and 

the physical surface of the wafer. 

t IONIZATION CHAM BER 

/COLLIMATOR SLIT 

AMPLIFIER 

IONIZATION 
INDICATOR 

IL'17' 

180.-20, 

10.1 
, E. 

Atomic Planes 

38 °13'. 

Nickel Filter - 

COLLIMATOR 
SLITS 

,RP ßEPM \` 

Cu 
ANODE 

,. 

QUARTZ WAFER 

2Z'..493 0' 

Z-AXIS 

FIL. 
A A 

Figure 7 
Two types of ionization indicators used with an air ionization chamber to measure x -ray intensities. The first is a single stage electrometer using a hi -mu pentode. The second 
is a two -stage d -c amplifier using a hi -mu pentode followed by a triode. In these cir- cuits the voltage drop produced by the ionization chamber current is deevloped across 

a resistance of 10" ohms, and is applied between suppressor and cathode. 
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l L 1 l:1' 11 I T ( ) 14' ,s1 'l' 1 

It's a tough job at best...thís business of 

bombing, but around-the-dock it must con - 

tinue...íf we'd shorten the path to victory 

...and its during the jittery hours of dark - 

ness...or when fog shuts down, that getting 

home in safety depends on accurate radio 

transmissions. "Blueprints of Safety" assure 

that A. A. C. whip- antenna is reliable at all 

times, and under the most exacting condi- 

tions. Its automatic direction finder allocates 

the course and an additional safety factor 

is the retractable feature, which facilitates 

easy replacement from within the ship. 

E L E C T R O N I C S D I V I S I O N 

, t rrm i n, ur ñ 

CRA FT I CESSI1lES CORPORATION ; 
,y, 

MANUFACTURERS OF 

PRECISION AIRCRAFT EQUIPMENT 
HYDRAULICS ELECTRONICS 

BURBANK, CALIF. KANSAS CITY, KANS. NEW YORK, N. Y. CABLE ADDRESS: AACPRO `w- PRES. 
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9. These plot frequency versus tem- 
perature changes for BT oscillator 
plates cut from the mother quartz at 
various angles with respect to Z and 
X. The angle the oscillator plate 
makes with the Z -axis is called the 
ZZ' angle and that with the X -axis, 
XX' angle. As stated earlier ZZ' 
should be 49 °30' and XX' should be 
zero. With the x -ray as an orienting 
tool, we obtain accuracies of 1 to 3 
minutes in measurement of angles. 

There is another very useful orien- 
tation device called the conoscope. 
The conoscope consists of a mono- 
chromatic light source, polarizer, con- 
vergent lens system, oil bath, analyzer 
and convergent lens system eye -piece. 

This interesting instrument is used 

g_ +e B 

w .r ,,g d avert 
a Ge ger - Mui' Cr 
tDe amplifier for 
+reaswring x-ray in- 
tensit es. The ;Jnizo 
t_on tube load res s- 

'or in the grid : - 

cu t of the eC5 !^3, 
be much s m e Ile r 

than that used - 

coajunction with ' 
air ionisation ch.- 
bor. because ion 2. 
*ion current in the 
g -m tube is much 

greeter. 
Geiger -Muller gas ionisation tube, showing brass cylindrical 

electrode surrounding the tungsten wire electrode. 

to accurately determine the Z -axis di- 
rection in a piece of quartz with a 
tolerance of 5 to 10 minutes. A British 
version of the conoscope is illustrated 
in Figure 10. This is accurate to 
within 5 minutes in the hands of a 
skilled operator. c 

The conoscope is °construced so that 
the principal axis of the lens system 
passes through the intersection of two 
perpendicular cross hairs in the eye- 
piece. The optical axis of a mother 
quartz is parallel to the principal axis 

Figure 9 
Here are represented typical BT frequency 
versus temperature curves, for oscillator 
plates having various orientations with re- 

spect to the crystallographic axes. 

of the lens system when concentric 
light and dark rings are seen centering 
on the intersection of the cross hairs. 

The basis of operation of the 
conoscope lies in the double refraction 
property of crystalline quartz. This 
so- called birefringence is commonly 
associated with calcite and is utilized 
in making the Nicol prism. 

If an unpolarized light beam were 
passed through some crystalline quartz, 
it would break up into two beams on 
entering the quartz volume. One beam 
would travel faster than the other and 
is called the ordinary ray, o. The 
other slower ray is the extraordinary 
ray e. Both rays are plane polarized 
at right angles to one another. Iii 
only one discrete direction the o and 
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Series of views seen through the eyepiece of a conoscope, showing concentric ring patterns of a piece of quartz, indicating (from 

left to right, top, and left to right, bottom): Z -axis out of line with the principal axis of the lens system in both vertical and hori- 

zontal directions: proper vertical alignment with angles of 0 °, 12', 30', 1°, and 3 °, respectively, between the Z -axis and the principal 

axis of a lens system. 

the e rays have the same velocity, par- 
allel to the Z -axis. 

The o ray has a constant velocity 
regardless of direction of propagation 
of incident light. The velocity of the 
e ray varies as the angle of the inci- 

dent beam changes. If we were to 
draw a space -velocity diagram to 

represent the travel of an incident light 
beam on quartz in any direction, we 

would obtain a sphere for the o ray 
and an ellipsoid for the e ray. The 
length of the radius vectors to the sur- 
faces represents the velocity of each 
ray in that particular direction. The 
major diameter of the ellipsoid equals 
the diameter of the sphere and lies 
along the Z -axis. The plane of polar- 
ization of the o ray is perpendicular to 
the plane containing the Z -axis and 
the radius vector. For the e ray, the 
plane of polarization lies in the plane 
containing the radius vector and the 
Z -axis. 

When incident plane polarized 
light is broken into the o and e rays, 
these rays recombine on emerging 

V 
ne = 

V. 
where 

ne = index of refraction of e ray 
V = velocity of light beam in vacuum 
V. = velocity of e ray in quartz in a specific 

direction 

CRYSTALLOGRAPHY 

from the quartz and may or may not 

be in phase as at the incident surface. 
The phase shift is determined by the 
relative indices of refraction of the 
o and e rays, the length of travel 
through the quartz and the wavelength 
of light used. 

Viewing the quartz crystal parallel 
to Z, the projection of contours on 
the ellipsoid representing e ray veloc- 

Eyepiece polarizing 
analyzer 

Half silver 
reflector, Polarizer-. 

.4111, . 
i 

Sodium or mercury 
vapor lamp 

Condenser len s- 

Z Section - -. 

Mirror surface 

Flat table -.- 

Figure 
British version of the conoscope used to 
accurately locate the Z -axis in quartz crys- 
tals. This is sometimes called the Airy- 

Spiral conoscope. 

10 

ity, Ve, or index of refraction, ne,* 

would be a series of concentric circles. 
Convergent -plane polarized light 
viewed in this direction with a polar- 
izing analyzer and lens system may be 

seen as a series of alternating light 
and dark concentric circles, spread 
out near the center and crowded to- 
gether as their radii increase. The 
center of symmetry is the Z -axis. 

The x -ray machine and the cono- 
scope are perhaps the most widely 
used orientation devices at the present 
time. The x -ray machine may be used 
to orient quartz in any direction, to lo- 
cate any one of the axes accurately. 
The conoscope will only locate the 
Z -axis. 

A combination usage of the two de- 
vices may be extremely advantageous. 

Once the Z -axis is located, if a sec- 
tion is cut perpendicular to Z and 
etched in hot ammonium bifluoride or 
hydrofluoric acid, the rodometer 
method may be used to locate the X- 
axis. In this method a point source 
of light projects into one surface of 
the Z- section. The dispersed light 

- strikes the upper etched surface which 
is perpendicular to Z. Refraction at 
the etch pits occurs systematically and 
a light pattern is visible consistent with 

(Continued on page 115) 
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THE ARMY AIRWAYS 

THE U. S. Army Air Forces 
have developed organized air- 
ways reaching from the United 

States, across four oceans, into every 
continent on the globe, with the single 
exception of Axis -held Europe. 

Operated as they are by many far - 
flung transport and combat units, all 
these foreign airways are integrated 
by just one element -a communica- 
tions network -unparalleled in history, 
and maintained and operated by the 
Army Airways Communications Sys- 
tem, a Wing of Headquarters, Army 
Air Forces. 

Although an airway may be loosely 
defined as a designated route for air- 
craft plying from airdrome to air- 
drome, it cannot really be said to exist 
on a practical scale without airways 
communications, airdrome traffic con- 
trol, and radio navigational aids. 
These are the three components furn- 
ished, over some 70,000 miles of for- 
eign military airways, by the Army 
Airways Communications System 
Wing. 

From the North Atlantic's frozen 
wastes to the deserts of Africa and 
eastern Asia, in Alaska, South Ameri- 
ca, Australia and the fabled islands 
of the South Pacific, as well as here, 
the officers and enlisted men of this 
organization live and work in every 
climate and condition of hardship 
known to man, maintaining these three 
basic elements of successful airways 
operation. 

Airways communications, including 
both point -to -point and air -ground cir- 
cuits, are maintained by approximate- 

At left, AACS operating positions in typical 
small communications station. At right, 

AACS station at a far Northern base. 

(Photos, Courtesy U. S. Army Air Force) 

ly 260 ground communications sta- 
tions situated at airdromes along the 
routes. Traffic handled consists of all 
operational and weather data necessary 
for safe and efficient operation of the 
transportation giant. 

Operational traffic includes all in- 
formation on a given plane or flight of 
planes, such as number of planes in- 
volved, identification symbols of each 
individual plane, names of pilots, time 
of departure and estimated time of ar- 
rival at destination and at control 
points along the route. These control 
points are usually radio stations em- 
bodying navigational features enabling 
the aircraft to get a definite fix. The 
principal purpose is to prepare all stop- 
ping points with advance information, 
so that all necessary activities in con- 
nection with the flight may be carried 
out with maximum efficiency and mini- 
mum delay. This practice also provides 
a definite safety factor, in furnishing 
immediate information concerning any 
misadventures or accidents to planes in 
flight, and broadcasting requirements 
for action in connection therewith. 

Point -to -point stations range all the 
way from single transmitter- and -re- 
ceiver combinations to huge installa- 
tions handling a million or more code 
groups per month. All communica- 
tion is on c -w, with average operat- 
ing speeds of 25 to 30 words per min- 
ute, transcribed on typewriter. 

Equipment used in point -to -point 
operation consists of multi -channel 
crystal -controlled transmitters of up to 
3- kilowatt power, and extremely sensi- 
tive and selective receivers of the best 

professional type available. Trans- 
mitters are of most modern design and 
construction capable of simultaneous 
transmission on as many as four fre- 
quency channels, while crystal control 
provides absolute stability of assigned 
frequencies. 

Included in point -to -point networks 
is the collection of weather data from 
isolated observation posts, perhaps 
hundreds of miles from the airway in 
use, manned by personnel of the 
Weather Wing, Army Air Forces. 
Attached to each of these units is a 
single operator- mechanic of the Army 
Airways Communications System, who 
transmits the information gathered, on 
regular schedules, to the nearest air- 
ways station. 

These reports are turned over to 
Weather personnel for consolidation, 
analysis and prediction. The combined 
reports are then broadcast throughout 
the airway, and further relayed to 
Weather Centrals, equipped to prepare 
charts and predictions covering entire 
regions. This information is then 
broadcast by the Army Airways Com- 
munications System. 

Standard commercial teletype ap- 
paratus is used for point -to -point op- 
erations when leased or private wire 
connections are feasible. This results 
in greater reliability, due to freedom 
from atmospheric disturbances, and 
higher transmitting speeds of 50 to 60 
words per minute. However, wire 
connections are available on only a 
relatively small portion of the Army 
Airways Communications System net- 
work. 

A more recent development, being 
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COMMUNICATIONS SYSTEM 
An Analysis Of Its Purpose, Operation and 

E q u i p m e n t E m p l o y e d 

by LIEUTENANT WALTER W. FAWCETT, JR. 

utilized as rapidly as equipment be- 
comes available, is radio -teletype, corn- 
bining many features of both methods 
of communications, and promising 
greatly increased efficiency throughout 
the system. 

As a stop -gap until radio -teletype 
equipment becomes available in greater 
quantities, circuits carrying very heavy 
traffic are operated by means of high- 
speed automatic -keying heads, permit- 
ting actual transmission through the 
air of up to 250 words per minute. 
This system is especially valuable for 
traffic on regular schedules as the tape 
can be perforated a few minutes be- 
forehand, transmission cleared in a 

very short time. And if necessary the 
receiving tape can be divided among 
several operators for transcription on 
the typewriter. 

Air -ground communications include 
all communications between aircraft 
and ground stations, and niay operate 
by means of either c -w or voice. Since 
it is the flyer's sole contact with 
ground agencies, emergency traffic on 
air -ground circuits is given priority 
over all other airways traffic. When 
an airways station is forced off the 
air for any cause, the air -ground ,posi- 
tion is usually last to be abandoned 
and first to be re- established. 

Transmitters used in air -ground 
communications are medium powered 
multi- channel, crystal -controlled units 
operating on medium frequencies, 
while receivers are very similar or 
identical to those used in point -to- 
point operations. These facilities 
maintain constant listening watches 
on assigned aircraft frequencies, and 
broadcast weather and operational 
data to all planes in flight. 

In addition to maintaining a listening 

Army Air Forces Headquarters, AACS 

Figures I (right) and 
2 (below) 

n Figure I, the radia - 
ion pattern of a radio 

range. Signals A (. -) 
and N ( -.), chronologi- 
cally synchronized and 
of equal audibility, pro- 
duce a single continu- 
ous tone along theo- 
retical lines X -X and 
Y -Y. Shaded portion 
shows area in which 
variations in relative 
strength between A and 
N signals are not ap- 
parent to the average 
human ear, and continu- 
ous tone is heard. Fig- 
ure 2 (below) shows the 
chronological synchron- 
ization of A (. -) and 
N ( -.) signals, to pro- 
duce a continuous tone. 
Blue areas represent 
tone periods of each in- 

dividual signal. 

watch, or guard on the air -ground fre- 
quency, aircraft are required to report 
their arrivals over designated control 
points, usually locations where a def- 
inite radio navigational fix may be 
obtained. The flight is identified, in- 
formation entered in the station log. 
and passed on to the point -to -point 
station for dissemination along the air- 
way. Currentlweather, and any un- 
usual incidents observed in flight may 
also be reported. If the flight is be- 
hind its estimated schedule, an ex- 
planation may be given for the delay. 

The Army Airways Communica- 
tions System also exercises opera- 
tional control of six intercontinental 
broadcasting stations developed by the 
Civil Aeronautics Administration. 
These stations, among the most pow- 
erful radio installations in existence 
today, are located at strategic points 

for world coverage. They collect and 
disseminate, on both point -to -point and 
air -ground circuits, operational and 
weather information covering entire 
global areas. Great credit is due the 
CAA for the outstanding cooferation 
given, principally along engineering 
and technical lines, in the development 
of the present colossal Army Airways 
Communications System. 

The Army Airways Communica- 
tions System operates airdrome control 
towers at approximately 400 foreign 
and domestic airdromes in use by the 
Army Air Forces. These towers, lo- 
cated at strategic spots commanding a 

view of the entire airdrome, function 
as both traffic control and accident 
prevention, centers. All traffic on the 
landing area and in the air within the 
control zone, usually a circle of 3 -miles 
radius centered on the landing field, is 
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under the direction of the control 
tower. All landing and departure op- 
erations must be cleared through the 
control tower, which assigns runways, 
directions of movement, and sequence 
of operations. 

Accident prevention as a corollary 
of traffic control, and a responsibility 
of the control tower, goes far beyond 
the primary function of assuring ob- 
stacle -free runways and clear airspace 
for routine aircraft movements. 

Approaching planes, in trouble or 
needing immediate attention, must be 
given full priority regardless of nor- 
mal traffic sequence, and in the immi- 
nence of a crash landing, directions 
are given to move all inflammable or 
explosive materials as far from the 
landing area as possible, to prevent 
spread of the damage. In the immi- 
nence or event of any accident within 
the control zone, the tower is responsi- 
ble for immediate summoning of all 
rescue agencies and directing them to 
the scene. 

The control tower must also observe 
any visible variations from normal 
operation of aircraft, notify the pilot, 
and stand by for action that may be 
necessary. Many a crash has been 
prevented by the tower's quiet re- 
minder that landing gear has not been 
lowered. 

The accident prevention factor in con- 
trol tower operations assumes supreme 
importance in thick weather, when air- 
craft lacking blind flying equipment 
are caught off base. Through blind- 
ing snow, or fog, or heavy rain, many 

Tan almost -helpless plane has been 
guided, almost foot -by -foot through 
the opaque swirl, to a safe landing. 

Like a friendly voice in the darkness, 
the control tower leads them home. 

The tower is responsible for the 
control of field lighting, and contains 
a diagram of the landing area, to- 
gether with switches for the control of 
runway and flood lights. A crash 
phone is provided for summoning all 
rescue, damage -control, and medical 
agencies in a single call, by means of 
a party -line circuit. 

Several radio receivers equipped 
with small speakers are installed in 
the tower. A great majority of the 
control tower traffic is carried on by 
means of voice, although c -w is occa- 
sionally used. Supplementary equip- 
ment includes a frequency meter, for 
periodical check -ups on tuning. 

The single -channel, crystal con- 
trolled transmitter is usually not in- 
stalled in the tower, and is remote - 
controlled from the operator's posi- 
tion. Normal tower transmission is 
on a medium frequency, but recently 
many control towers are being 
equipped with radio equipment on 
other frequencies for communicating 
with certain types of Army planes. 

For the direction of aircraft having 
no radio equipment in operating con- 
dition, the control tower is equipped 
with a light -gun, having a parabolic 
reflector which throws a highly con- 
centrated beam. By means of sights 
somewhat similar to those of a rifle, 
the gun can be aimed at the plane 

Figure 3 

Diagram of airway, including two airdromes, 
each equipped with a radio range. Planes 
are flying right -hand edge of range course, 
or beam. Range courses intersect, in this 

case, over body of water. 

under direction. A handle on the light 
gun contains a trigger for flashing thq 
light, while another handle enables the 
selection of red, green, or clear beams 
through the use of colored filters. For 
direction of ground traffic this light 
gun may be supplemented by mega- 
phone, sirens, or a public address 
system. 

Radio aids to navigation maintained 
and operated by the Army Airways 
Communications System are of varied 
types, serving several purposes. Most 
important of these are about 160 radio 
ranges, the highways of the sky, of 
which there are two principal types, 
differentiated by their radiation sys- 
tems. 

The loop radio range makes use of 
the basis figure -of -eight radiation pat- 
tern of the loop antenna. By means of 
two vertical loops, 250 to 300 feet in 
length, and crossing at right angles in 
the center of each loop, a radiation 
pattern as shown in Figure 1 is pro- 
duced. Into one loop is keyed the 
signal A(. -), while the signal N( -.) 
is induced into the other loop. These 
two signals are time -synchronized to 
provide a constant tone, as shown in 
Figure 2, at all points where the fields 
of the two antennae meet in equal 
strength. These points form the 
straight lines X -X and Y -Y in Fig- 
ure 1. 

The lines along which these con- 
stant tone signals are audible, broken 
at intervals by the identification sym- 
bol of the individual range, from the 
legs or courses along which the pilot 
flies when on the beam. By the pre- 
dominance of either the A or N sig- 
nal, the pilot can tell when he is flying 

r 
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slightly on either side of the theoreti- 
cal beam. As when driving the sur- 
face highways, he is required to keep 
to the right. The normal human ear 
can detect the dominance of either 
signal along the sides of an angle of 

about three degrees, bisected by the 
theoretical line of absolute equality. 
Figure 1 shows these range courses at 
right angles, but they may be shifted 
by means of a goniometer or by using 
resistances to govern the relative 
strength of the fields radiated by the 
two loop antennae. 

The Adcock radio range operates 
on the same general principle, but uses 
vertical steel Adcock towers as radia- 
tors. These vertical towers are placed 
at the corners of a square about 425 
feet along each side, and are connected 
to the transmitter by shielded ground 
cables. 

The use of Adcock radiators elim- 
inates the secondary fields radiating 
from the horizontal wires of the loop 
antennae. These secondary radiations, 
reflecting from the earth's heavyside 
layer have a tendency to cause false 
courses, particularly at night. The 
Adcock type range is more difficult 
and expensive to install, and entails 
the transportation of a great deal of 
heavy material, but wherever feasible 
its use is justified by increased effi- 

ciency and safety in flight. 
Another great advantage of the Ad- 

cock range is that, by the erection of 
a fifth tower, centered in the square, 
simultaneous voice broadcasting can 
be accomplished on a frequency identi- 
cal, or closely adjacent, to the range 
frequency. This permits the pilot to 
receive weather or operational infor- 
mation broadcast from this fifth tower 
without re- tuning his radio and losing 
the range signal. 

Normally, radio ranges are placed 
as close to the airport as permissible, 
limited primarily by the accident haz- 
ard constituted by their antennae or 
vertical radiators. Under ideal condi- 
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Figure 4 

Radiation pattern of Z- marker, installed in 
conjunction with radio range. 

tions one leg will lead into the range 
from the direction of approach of the 
maximum traffic using the field, while 
opposite (Figure 3) legs lead directly 
over the principal runway. 

Normal radio range frequencies are 
within the low frequency band, and 
the range transmitter may be either 
operated continuously or switched on 
at the request of aircraft, made 
through an air -ground communica- 
tions facility. Transmitters are crys- 
tal- controlled to assure maximum fre- 
quency regulation. 

The airway itself, in modern prac- 
tice, is considered to be the air space 
occupying the horizontal area extend- 
ing five miles to either side of the 
theoretical line of absolute equality of 
relative strength. Aircraft flying 
these airways follow the right, -hand 
side of one range course until a leg of 
the next range is intersected, follow- 
ing that until over the range station 
and so on until reaching their final 
destination. 

An inherent radiation characteristic 
of radio ranges is the cone-of-silence 
directly above the range station. This 
cone -of- silence provides only a nega- 
tive sort of navigation fix, since other 
zones of silence caused by atmospheric, 
geologic, or geographic conditions can 
easily be mistaken for the true one. 

To provide a positive navigational 
fix, a radio beacon known as the 
Z- marker has been developed and is 
used with most Army Airways Com- 
munications System ranges. This bea- 
con, located within the ground area of 
the range itself, consists of an u -h -f 
transmitter feeding into a highly di- 
rectional antenna, beneath which is a 
reflector of wire mesh. 

A far Northern 
AACS communica- 

tions station. 

(Photo, courtesy 
United States Army 

Air Force) 

The radiation pattern produced by 

the Z- marker is in the form of a ver- 
tical cone (Figure 4), which is inter- 
cepted by a special receiver, tuned only 
to the Z- marker frequency, in the 
cockpit of the plane. The signal pro- 
duced is both visual and aural, a light 
flashing on the instrument panel while 
an individual identification signal is 

heard on the earphones. 
The fan -marker, a variation of the 

Z- marker, projects a fan -Shaped pat- 
tern, producing a horizontal oval 
across the airways, customarily used 
to indicate distance from a designated 
landing field. 

Homing beacons provided by the 
Army Airways Communications Sys- 
tem are merely standard c -w radio 
transmitters, radiating a field of equal 
strength in all directions, with a des- 
ignated identification symbol. These 
units are located at certain points 
along the airways where radio ranges 
are unreliable, due to atmospheric or 
geographic conditions. The signal is 

received by means of the aircraft radio 
compass, providing a direct bearing 
to the beacon. The homing beacon, 
like the range, may operate continu- 
ously or be activated upon request. 

Actually, any radio transmitter may 
be used as a homing beacon, which 
accounts for the shut -down of radio 
broadcast facilities during an air raid. 
Control tower transmitters have served 
as homing beacons in emergency. 

Ground - radio - direction - finders, or 
d/f equipment, operated by the Army 
Airways Communications System re- 
verses the operation of the homing 
beacon. Transmissions from the air- 
craft are received by means of an ex- 
tremely directional antenna, and the 
bearing relayed back by a ground -air 
communications station. The plane 
may hover within a small circle until 
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it receives the bearing, though a sin- 
gle bearing gives only the direction to 
the d/f station, and not a definite navi- 
gational fix, since distance is not 
shown. 

In order to provide a definite fix by 
triangulation, the aircraft contacts the 
d/f station while moving at normal 
speed. The bearing is transmitted, 
with exact determination, and another 
bearing is taken a short time later. 
By plotting the two bearings, with the 
known distance traveled between read- 
ings, a triangulation establishing an 
exact navigational fix can be accom- 
plished (Figure 5) . 

More recent d/f procedure devel- 
oped by the Army Airways Communi- 
cations System provides for the use of 
two or more semi -portable d/f units 
operating as a team. These units, 
located some distance apart, take 
simultaneous bearing on the aircraft 
transmission, and almost immediately 
establish a navigational fix by triangu- 

Interior of an AACS transmitter room in 
Alaska. 

(Photo, court,'sy U. S. Army Air Force) 

lation. This calculated position is 
then relayed back to the aircraft by an 
air- ground communications station op- 
erating in conjunction with the d/f 
apparatus (Figure 6). Completely 
portable d/f stations, mounted on 
trucks, have also been developed. 

The latest d/f development of the 
Army Airways Communications Sys- 
tem, in which several semi -portable 
d/f units and one central evaluating 
station operate as a net covering 
roughly the area of a circle 1,000 to 
1,500 miles in diameter, takes advan- 
tage of the proven theory that the ac- 
curacy of a navigational fix increases 
in direct proportion to the number of 
bearings, within reasonable limits, se- 
cured from separate locations. 

Not less than four nor more than 
eight of these semi -portable units are 
installed at sites as nearly as possible 
equidistant on the perimeter of the 
circle enclosing the area for which the 
net's d/f service is intended. The 
evaluating station, which also includes 
a d/f unit, is located somewhere near 
the center of this circle. Complete 
nets are interconnected to provide ade- 
quate coverage for large world areas. 
Each individual d/f unit operates in 
conjunction with, and is located in the 
vicinity of, an airways communica- 
tions station, with which it is con- 
nected by a direct telephone line. 

The aircraft desiring a fix contacts 
an air -ground station, which alerts the 
entire net and instructs the lost plane 
concerning the transmission of d/f sig- 
nals. Each individual d/f unit then 
takes a series of bearings which are 
relayed through airways point -to -point 
channels to the evaluating station. 

The bearings received from each 
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Figure 5 

Procedure with one d/f unit. Plane flying 
course X -Y, receives bearing A -B and con- 
tinues on course to C, where bearing A -C is 
received. Time of each bearing is recorded, 
giving distance B -C. With base and two 
angles, triangle ABC can be charted, with 
apex at A, which is known location of d/f 
unit. This gives exact position of plane at 

time each bearing was taken. 

d/f unit, including the one attached to 
the central evaluating station, are im- 
mediately plotted on a master chart, 
evaluated, and the position of the plane 
determined within an extremely brief 
period of time. The plotting and eval- 
uating personnel are especially trained 
for this work, and have no duties or 
responsibilities in connection with 
radio operation or maintenance. The 
finally determined position is relayed 
back to the aircraft through the air - 
ground communications net w it h 
which the d/f net is connected. 

The equipment installed in each of 
these d/f units provides an instantane- 
ous visual bearing indication with a 
minimum of the operator's time and 
attention, through the use of the cath- 
ode -ray tube. Bearings are continu- 
ous while the aircraft is transmitting, 
and are automatic in that they shift 
immediately with any change in direc- 
tion of the received signal. 

The system of airways communica- 
tions, airdrome traffic control, and 
radio navigational aids developed and 
operated by the Army Airways Com- 
munications System Wing probably 
exceeds in size all previous such sys- 
tems combined. It extends directly 
into the theatres of action in every 
quarter of the globe, and as the fight- 
ing fronts move forward into enemy - 
held territory, the Army Airways 
Communications System moves right 
along with them. It will continue do- 
ing so until the final victory is won. 

Figure 6 

Procedure with two d/f units working as a 
team. Plane at C transmits signal enabling 
simultaneous bearings to be taken by d/f 
units at A and B, which have established 
intercommunications. With base A -B, and 
angles CBA and CAB, triangle with apex at 
C is charted. Triangulation is accomplished 
by d/f personnel, and position at time of 
contact is given to plane. Plane does not 

need to 'know location of d/f units. 
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No INTERNAL -PIVOT 
ELECTRIC INSTRUMENTS 

21/2-inch - - -1 inch deep 

(Above) The new internal -pivot bearing construc- 
tion. (Right) Top bearing (pivot and jewel) mag- 
nified 20 times. Note strong, solid construction. 

WHY THIS BEARING 

CONSTRUCTION INSURES 

LONG -TIME SERVICE .. . 

IN THESE new G -E instruments, the pivots are solidly mounted 
on the inside of the armature shell instead of being cemented 

to the outside of the armature winding. The result is a rigid construction that helps 
to maintain accurate alignment. 

The steel pivots, highly polished, are of the aircraft type, larger than normal. 
This means less stress on the bearing surfaces and a construction that will stand 
rough treatment and shock. 

The pivots rotate in low- friction, highly polished, glass vee jewels -one mounted 
rigidly in the top of the frame -and -core assembly, and the other mounted in a 
movable lower jewel sleeve located in the soft -iron core. 

This combination -accurately formed, hard -glass jewels and large- radius steel 
pivots -provides a co- ordinated bearing that has proved, by field tests, to be 
excellent from the standpoint of long life and ability to withstand vibration. 

Thin, Strong, Accurate Instruments 
1. Thinness is obtained by solidly mounting the pivots on the inside of the 

armature shell. Most instruments are approximately one inch deep. 
2. Strength is obtained by short, solidly mounted, large- radius pivots and the 

extra -strong over -all case. 
3. Sustained Accuracy is insured by the featherweight moving element, corn - 

bined with high torque and permanent alignment of all parts. 
For ratings, prices, and dimensions, ask our nearest office for Bulletin GEA -4064, 

which covers instruments for use in radio and communications equipment; or 
Bulletin GEA -4117, which describes those suitable for naval aircraft. General 
Electric Co., Schenectady, N. Y. 
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MIXER AND FADER CONTROL 
CIRCUIT DESIGN PICKUPS. 

MICROPHONES. 
TURNTABLES . 
PRE: AMPLIFIER 
OUTPUTS . ETC. 

CHANNEL 

MIXER 
CONNECTIONS 

MASTER 
GAI N 

CONTROL 

CHANNEL n - 

CHANNEL 

FADER CONTROLS 

A Thorough Analysis, W i t h T a b l e s 

T o F a c i l i t a t e A p p l i c a t i o n and Desi 

SINCE the earliest days of broad- 
casting, there has always been a 
need for combining two or more 

sources of energy such as microphones 
and amplifiers into a common load 
impedance, and of controlling the 
various levels of energy relative to and 
independent of each other. And the 
general procedure of those days is 
still in use. That is, the resultant of 
the mixing is controlled by another 
piece of equipment which is finally 
connected to an amplifier. The output 
of the amplifier is then fed through 
some form of distribution system to a 
number of locations as required. 

Some of the earlier methods of mix- 
ing utilized simple series or parallel 
connections of microphones and asso- 
ciated equipment. These gave gener- 
ally high insertion losses and high dis- 
tortion because of the tremendous de- 
gree of mismatching which quite fre- 
quently occurred at the junctions of 
each unit of the connected equipment. 
Each mixer added increased the diffi- 
culties of producing high quality pro- 
gram material, no matter how excel- 
lently rendered at the studio or pickup 
point. 

(PART ONE OF A TWO -PART PAPERI 

by PAUL B. WRIGHT 
Communications Research Engineer 

A number of different corrective 
methods were tried with varying suc- 
cess ; each had some impedance mis- 
matching or deficiency which gave 
generally poor to indifferently good 
quality. Gradually, improved methods 
of design of the units and component 
parts of the mixer systems by the ap- 
plication of circuit analysis, mechani- 
cal stability, metallurgical research 
upon reduction of contact potentials 
in air, greater care in shielding and 
grounding, and rearrangements of 
equipment in general, brought about 
improvement in quality, freedom from 
switching and operation clicks, and a 
reduction in the amount of noise and 
cross -talk formerly experienced. 

The devices which control the rela- 
tive levels of energy of each channel 
are known as faders, and are simply 
variable attenuators which may be 
smoothly changed over a range of at- 

Figure I (above) 

A typical arrangement of mixer and fader 
control equipment with associated circuits. 

tenuation from ( ideally) zero insertion 
loss to infinite loss. Practically, the 
loss may be made to approach SO to 
100 decibels with moderate care in de- 
sign and wiring for the maximum loss, 
and zero for the minimum loss of some 
types of attenuators. The objective of 
the fader is largely what its name im- 
plies. That is it provides the auditory 
sensation of a gradually diminishing 
sound, fading imperceptibly into the 
background noise and vanishing as the 
attenuation is increased to the maxi- 
mum loss setting of the attenuator. 
The reverse condition is experienced 
when the attenuator loss is decreased 
from its maximum amount. 

Devices which accept the energy of 
the combined groups of faders are 
known as master gain controls or 
mixers. However, the actual mixing 
may be done through the connections 
of the faders. The master gain con- 
trol is another attenuator and used to 
regulate the overall level of the total 
output of all channels. The output 
from the master gain control is then 
fed to an amplifier which in turn has 
some form of multiple outlets, such as 
a multiple bridge, or separate windings 
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BUY MORE WAR BONDS 

Coverage 
You broadcast station men lay h lot of stress on coverage when you sell. But coverage is just as 

important when you buy. Bear in mind that RCA manufactures and sells broadcast station 

equipment comprising all of the following groups: 

Broadcast Audio Facilities, such as 

MICROPHONES AND STANDS 

AMPLIFIERS 

CONTROL EQUIPMENT 

"CONSOLETTES" 
TURNTABLES AND RECORDERS 

MONITOR LOUDSPEAKERS 

Transmitter Equipment, such as - 

Test and Measuring Equipment, such as 

FREQUENCY MONITOR 

MODULATION MONITOR 

PHASE MONITOR 

FIELD INTENSITY METER 

AUDIO OSCILLATOR 

DISTORTION METER 

OSCILLOGRAPHS 

TRANSMITTER 

TRANSMITTER AUDIO EQUIPMENT 

ANTENNA PHASING EQUIPMENT 

From microphone to antenna, RCA offers the broadcast station complete equipment of coordinated 

design - assuring superior performance, maximum operating economy and convenience, and 

definitely fixed responsibility. RCA Victor Division, Radio Corporation of America, Camden, New Jersey. 

1AT1 

RCA BROADCAST EQUIPMENT 
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from an output transformer. Figur 
1 shows in block form a typical ar 
rangement for mixer and fader con 
trol circuits. 

Mixer and fader control circuits are 
composed of two general types of net- 
works. These are (a)- active net- 
works furnished by electronic devices, 
and (b)- passive networks composed 
of resistive elements in which there 
are no internal sources of emf. 

Electronic mixers are variable -con- 
trolled amplifiers utilizing one ampli- 
fier or more per channel. The out- 
put sides of the amplifiers may be fed 
through a suitable mixing network ; or 
as is commonly done the outputs may 
be tied together either directly or 
through coupling condensers. If 
triode tubes are used it is better to 
use some form of mixing system other 
than direct coupling because of the 
relatively large variation in plate -to- 
cathode impedance resulting with high 
level signals. If screen grid or pen- 
tode tubes are used, the coupling con- 
denser or direct connection may be 
used satisfactorily, since the plate im- 
pedance remains quite high with even 
high level signals. 

Electronic mixers have a number 
of advantages. Some of these are : (1)- Freedom from direct interaction 
between supply or microphone circuits 
(when mixing takes place on the plate 
side of the circuit), but not necessarily 
so when mixing is done on the grid 
side of the circuit. (2)- Because of the 
gain available, mixing may be done 
directly from low energy sources such 
as the crystal, velocity or ribbon 
types of microphones. This permits 
the output level of the channels to be 
fed over a loop or line at a level that 
is well above the normal noise and 
cross -talk volumes. (3) -Ease of use 
with variable equalization schemes for 
enhancing, expanding, or compressing 
program material. Some of the disad- 
vantages of these mixers, compared 
with the resistor types of mixing are : (1)- Relatively high initial cost. 
(2) -High maintenance costs. (3)- 
Inflexibility caused by power supply 
difficulties, since some localities have 
power of different frequencies ; others 
have d -c ; still others have none at 
all. This necessitates battery powered 
units, and batteries are heavy, cum- 
bersome, and difficult to obtain. (4) 
-Hazards of service failures caused 
by loose connections, bad tubes, break- 
down of condensers, and other com- 
ponent parts. 

Resistive element circuits have the 
advantages of : (1) relatively low 
initial cost. (2)- Negligible main- 
tenance cost. (3) -Light weight and 
compactness. (4) -Ease of construc- 
tion. (5) -High flexibility for most 
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Figure 2 

An arrangement of an electronic mixing and 
gain control. 

general purposes. Some of the dis- 
advantages of these circuits are : (1) 
-They may not be used for mixing 
low level signals without an accom- 
panying amplifier, if the channel out- 
puts are to be transmitted over a loop 
or line; the signal would then be be- 
low the normal line noise and crosstalk 
volume levels. (2)- Relatively high 
losses which must be compensated for 
by a pre -amplifier in low level mixing, 
or by extra gain in the main amplifier 
following the master gain control in 
high level mixing. (3) -Noise caused 
by dirty contacts. 

This paper is largely concerned 
with the passive types of mixer net- 
works, and of the methods of design 
and application which may be used in 
each case, to have matched image im- 
pedances at each and every junction 
throughout the networks. A price 
must inevitably be paid for such 
matching, however, in the form of 
definite, fixed and relatively high 
'amounts of insertion loss. Such losses 
must be made up by means of extra 
gain either preceding or following the 
mixer system. 
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In choosing what type or design of 
mixer circuit to follow, a number of 
factors must be fairly considered be- 
fore making the choice. Among these 
considerations are : 

(1)- Number of channels needed. 
(2)- Impedances of inputs and out- 

put, either available or re- 
quired. 

(3)- Limits of insertion loss, both 
maximum and minimum. The 
minimum desired is of course 
zero, but is rarely attained in 
practice. 

(4)- Whether low level to operate 
directly from microphone or 
pickup heads, or high level to 
operate from amplifiers on the 
input sides of the channels. 

(5)- Constant fader impedance over 
the complete attenuation range. 

(6)- Smooth control of volume 
from minimum to maximum 
settings of both fader and 
master controls ; 1 db variation 
is permissible since that is the 
lower limit that the best ears 
can detect and then only under 
special conditions of back- 
ground noise, signal volume 
and character of the program 
material being used. 

(7) -Grounding of the system, 
and whether balanced or un- 
balanced to ground. 

(8) -A minimum of 45 db for the 
maximum loss setting of each 
fader and master gain control, 
with (ideally) infinite loss in 
the final position. 

(9)- Flexibility as to patching and 
switching arrangements for 
operation, with particular at- 
tention being paid to speed of 
restoration of service in case 
of the failure of any individual 
channel. 

(10) -No frequency discrimination 
should take place regardless of 
the position of the controls. 

(11)- Freedom from interaction be- 
tween fader attenuators, even 
for settings of the faders ap- 
proaching their minimum in- 
sertion losses. 

(12)- Wiring of the mixer system 
should be carefully done to 
minimize the pickup inter- 
ference from extraneous stray 
fields. Thus very careful choice 
of grounding and shielding 
should be made. 

(13)- Rigidity and ruggedness 
construction. 

(14) -Ease of operation, maintenance 
and installation. 

(15)- Compactness and light weight, 
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OOIr 
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PUNCH 

PRESS DIV. 

1 SCR _ions, 

For many years before the war, Edwin \Guthman & Co. was especially known for manu- 

facturing better coils. With war came greatr` demands upon our facilities ... U. S. Army and 

Navy orders for many diversified radio parts `;expansion of our plant ... the addition of 

many new manufacturing departments. All manaJacturing and assembling of these many 

units was done in our own completely equippe plant. Thus, our engineers and skilled 

personnel gained a broader experience, in modern radionics. Now, we are 

concentrating all this technical experience the engineering and 

production of Guthman Super -lmproveá. 

Coils ... promised leaders in peace- 

time radionics. 

15 S O U T H T H R O O P STREET C H I C A G O 

PRECISION MANUFACTURERS AND ENGINEERS OF RADIO AND ELECTRICAL 
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especially for field work. 
(16) -Last but not least, the system 

should be as reasonable in cost 
as the above requirements will 
allow. 

The attenuators which should be 
used for the fader portions of the 
mixer system may be any of a number 
of configurations. The exact one that 
will be used will depend upon the con- 
siderations just outlined. Each in- 
stallation will have particular require- 
ments which will make it more de- 
sirable to use one type rather than 
another. The simple voltage divider 
and the L types are not used in high 
quality stations because of their lack 
of constancy of impedance with vari- 
able setting. The major source of 
grief with all of the earlier systems 
either directly or indirectly was caused 
by variable matching and mismatching 
of the impedances at the junctions of 
the connected mixer equipment. The 
types of networks which meet the 
constant impedance requirement or 
permissible variation in impedance are 
the T, H, it, O and the ladder types. 
The H is a balanced T, and the O is a 
balanced it type attenuator. The 
ladder attenuator may be also bal- 
anced or unbalanced and is composed 
of a large number of sections of arti- 
ficial line having pure resistance com- 
ponents, which may be tapped at a 
number of points along its length. The 
T may be used for low level mixing 
as may the x type. The ladder type 
is generally recommended for use with 
high level mixing, although the newer 
types having slider arms and contact 
points made of the same metals have 
made the problem of mixing at low 
levels much easier. 

The master gain control should be 
given the same considerations as the 
fader control. Any of the standard 
forms of attenuators given above will 
suffice for this unit of the mixing sys- 
tem. 

Any of the attenuators used in the 
mixer system may be required in either 
balanced or unbalanced form. A bal- 
anced circuit is one which has both 
sides of equal impedance, and of equal 
impedance to ground. An unbalanced 
circuit is one having one side of 
(ideally) zero impedance, and having 
zero impedance to ground. This im- 
plies that each common ground con- 
nection should be connected directly 
by the shortest possible lead lengths 
to the grounding bar or system used. 

The types of mixers in common 
usage in passive networks are : (1)- 
Series. (2)- Parallel. (3)- Series- 
Parallel. (4)- Parallel- Series. Some 
of the lesser known ones are: (5)- 
Multiple Bridging. (6)- Lattice. 
There are a number of other special 

forms used in some commercial and 
governmental service applications. 

This paper is concerned with only 
the six forms mentioned above. The 
objective is to show by analytical 
methods how the various network 
parameters are derived for each type 
of mixer in order that each and every 
mixer input will be matched with its 
image impedance, and each mixed out- 
put will also be matched on an image 
basis. Further, it is the objective to 
present all of these derivations in tabu- 
lated form by means of tables to enable 
the engineer, experimenter and ama- 
teur to design any of the forms of 
mixers described by using the con- 
stants given, in conjunction with the 
impedances of the circuit and the 
number of channels desired. 

Analytical Design 

The following nomenclature will be 
used throughout this paper: 
k2 = Pz /Pz, the ratio of the power en- 

channels 

FADERS 

--z 

figures 3 -(above) ,end 4 (below) 
In Figure 3 appears a series mixer circuit of 
n channels with compensating resistance to 
maintain constant impedance relationships of 
inputs and load. In Figure 4 we have the 
equivalent of Figure 3 with constant im- 
pedance, with bridge T faders removed. 
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tering the mixer system channel to 
the power delivered to the load or 
master mixer. 

db = 10 log (Pz/P.) = 20 logs k 
decibels insertion loss of each mixer 
channel. 

[subscripts s, p. sp, and ps refer to 
series, parallel, series - parallel, and 
parallel -series respectively.] 

n = No. of channels in series, or in 
parallel. 

N. = No. of channels in series in the 
series -parallel case, and the no. of 
groups of parallel channels in series 
in the parallel- series case. 

[Subscripts Z and z refer to input and 
output respectively.] 

Z = Mixer channel image impedance. 
z = Mixer system output image im- 

pedance. 
[R with associated subscripts refers to 

the compensating resistances used 
either with series mixers, or with 
parallel mixers.] 

Series Mixers 

Let us consider n mixer channels, 
each having an input impedance of Z 
ohms, and each shunted with a resis- 
tance R, with the series sources or 
mixers supplying a common load such 
as a master mixer or attenuator con- 
nected ahead of and feeding the input 
of an amplifier, as shown in Figures 1 

and 3. 
It is assumed that only constant re- 

sistance attenuators are used for the 
faders of the system, and except for 
an additional loss which must be added 
algebraically to the insertion loss of 
the mixer, the removal of the fader 
will not affect the image impedance re- 
lationship. Hence for analytical pur- 
poses, the fader may be removed and 
the schematic form shown in Figure 
3 may be shown on an individual chan- 
nel basis as Figure 4. 

The impedance of the load is, from 
Figure 4, 

RZ 
z = n (1) 

R+Z 
The. impedance of teach- source is 

(n 1) [ 
la 

z -}- R - 
R +Z_ 

Z = (2) 
RZ R+z+ (n -1) 

R+Z 
Substituting 1 into 2, and solving for 
R in terms of Z and n, we obtain 

n 
R = Z (3) 

n -1 
Reducing and simplifying 2 
(2Z -nZ -z) R2 

+nZ2R+Z2z =0 (4) 
Substituting 3 in 4, and solving for z, 

z 
2n -1 

Equations 3 and 5 are used when Z 

n2 

(5) 
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Insure a Better 
Postwar World 
by Buying More 
War Bonds Today 

THE 

ACCURATE 

WAY 
There is only one way to take a measurement . . . 

and that is the accurate way. In military, industrial, public service 

and home front applications, DeJur precision meters have proven 

themselves to be trustworthy instruments of measurement and con- 

trol. Illustrated is an example of the many types of DeJur meters 

... specifications for individual requirements are invited. 

Awarded for Excellence in Pro. 

duction and Oualily of Material 

NEW YORK PLANT: 99 Hudson Street, New York Cita 

We- jjçscoÇjporation 
SHELTON, CONNECTICUT 

CANADIAN SALES OFFICE: S60 King Street West. Toronto 
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and it are known or assigned, 
when z and n are known instead, 
solve for Z and R from 5 and 3 
spectively, obtaining 

2n -1 
Z = z 

n2 
and 

2n -1 
R = z 

n (n -1) 
The voltage across 

R, hence, 
ez =eR 
or 
Ziz = RiR 
From 9, the ratio 
Z IR 

R i,, 

but 
we 
re- 

(6) 

(7) 

Z = that across 

(8) 

(9) 

(10) 

Figures 5 (left) and 6 (right) 
A parallel mixer of n channels with im- 
pedance compensating resistance to avoid 
impedance mismatching of the system at 
all inputs, and output. In Figure 6 we have 
the equivalent of Figure 5 with constant 
impedance T network faders removed. 

but from 3 
Z n -1 
R n 
equating 10 and 11 
iR n -1 
iz n 

The current through the load 
n -1 

iz = iz - iR = iZ - i7. 

n 

or 
1 

iz = iz - 
n 

The power delivered to 
using 5 and 14 

1 

Pz = i %2Z = iz2 . - 

2 2n-1 
n 

n- 

the 

P 
R 

or 
Z 

P. = iz2 

2n -1 
The power available at the load, were 

(11) there no other series mixers, and the 
load impedance z = Z, the source im- 
pedance would be 

Pz = iz2 Z (17) 
The insertion loss of the mixer is 

the loss which is incurred because of 
is the series combination of units being 

used, instead of a single matched 
source and load impedance. The ratio 
of the powers gives the ratio 
of the power which would be avail- 
able at the load, were no other network 
inserted between the source and the 
load. The insertion loss in decibels is 

(14) therefore, from 17 and 16, and using 
common logarithms, 

Pz iz2 Z 
db = 10 log,. -= 10 logic) 

(12) 

(13) 

load is, 

Pa Z 
i Z2 

2n -1 
(18) 

or 
db= 10 log, (2n -1) (19) 

(15) Letting the power. ratio, 
Pz -= k2 (20) 
Pz 
From 19 and 20 
k2 =2n -1 (21) 
Solving 21 for n, 
n = / (ka -F- 1) (22) 
Substituting 22 in equations 3, 5, 6 and 
7, 

Channel 

2 

(n-r 

n 

(n+i 

(n+2 

(2n-I) 

zn 

ma 

atai 

Z 

LOA -b 
MPEDANCE 

RP 

R 

-... 
r 

Z 

Channel 
Í2n +i) 

(2n +2 ) 

n-i 

3n 

3n 1-1) 

3n +2) 

(an -i) 

4n 
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k2 -F- 1 

R=Z 
k2 - 1 

Z (k2+ 1)2 
z= 

4 k- 

k2 
R = 4 Z 

k` - 1 

Z 4 k2 

(k2 + 1) z 
) 

Equations 23 and 24 may readily be 

(23) 

(24) 

Series 
series, 

Figure 7 

parallel mixers of n channels in 
in parallel with m groups of series - 

arranged circuits. 
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Most lar- sighted airport plan get developed for 
the Southwest is this Oklahoma City project- 

hat is missing in this picture? 
Missing to the eye ... but a vital part of this super 
airport, and every other modern airport and air- 

line . . . is the radio traffic control equipment 
without which the landing and take -off of planes 

would become a hopeless jumble. Missing, too, 

are the radio navigational aids -ranges, markers 
and communication transmitters and receivers so 

necessary to the guidance of flight. 

In peacetime, RADIO RECEPTOR, in conjunction 
with the Civil Aeronautics Authority, played an 

important role in equipping airlines, and airports 
such as the La Guardia and Washington National 

Airports. In wartime, we have supplied the Signal 

Corps with equipment which is now in use in 

Awarded for Meritorious 
Service on the Production Franz 

more than 180 airfields in the United States . . . 

and we don't know how many in foreign lands. 

Send for a copy of our non -technical booklet, 
"Highways of the Air " - you'll find it interesting. 

"Laymen are inclined to think of an air 
route as simply a corridor of air through 
which planes commonly fly. But it is more 
than that. It is, first, a system of air fields, 
each of which, wherever it may be, must 
have runways and radio and other communi- 
cations. In laying out an air route and the 
fields along it, a complete system of com- 
munications, f rom point -to -point and from 
ground -to -air, along with radio beacons and 
other navigational aids, must be set up." 

-MAJOR GENERAL HAROLD LEE GEORGE 
Commanding General, Air Transport Command 

Radio Receptor Co. 
INCORPORATED 

251 WEST 19th STREET NEW YORK 11, N. Y. 
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Table 1 

No. of Channels 
Series mixer for: 
Z and n assigned 
Z and n assigned 
z and n assigned 
z and n assigned 
Loss of each channel 

Cam. 
Can 
Cao 
CUB 
db, 

2 3 4 5 6 7 8 9 10 
2.00000 1.50000 1.33333 125000 120000 1.16667 1.14286 1.12500 1.11111 
1.33333 1.80000 2.28576 2.77778 3.27273 3.76923 426667 4.76470 526316 
1.50000 .83333 .58333 .45000 .36667 .30952 26786 .23611 21111 
.75000 .55555 .43749 .36000 .30555 .26531 23437 .20988 .19000 

4.77 6.99 8.45 9.54 10.41 11.14 11.76 12.30 12.79 

R = ZCam. 
z=7i.Cs., 

R = zCas 
Z = zCss 
db. =101og,o(2n-1) 

Where: R = Value of resistance to be added in shunt across each channel 
Z = Mixer input impedance of each channel 
z = Mixer common output impedance 
n = No. of channels of the mixer 

db. = Insertion loss of each mixer channel in decibels 
Cam. _ n /(n-1) ; C.., = n2 /(2n -1) 
CE, = (2n- 1) /n(n -1) ; Cz,2 = (2n -1) /n' 

Table 2 

No. of Channels 
Parallel mixer for: 
Z and n assigned 
Z and n assigned 
z and n assigned 
z and n assigned 
Loss of each channel 

CRp, 
Csw 
CRp2 
Czps 
dbp 

2 3 4 5 6 7 8 9 10 
.50000 .66667 .75000 .80000 .83333 .85716 .87500 .88889 .90000 
.75000 .55555 .43749 .36000 .30555 .26531 .23437 20988 .19000 
.66667 1.20000 1.71428 2.22222 2.72727 3.23077 3.73333 4.23529 4.73684 

1.33333 1.80000 2.28576 2.77778 3.27273 3.76923 426667 4.76470 526316 
4.77 6.99 8.45 9.54 10.41 11.14 11.76 12.30 12.79 

= Z Cap, 
z = Z Cpi 

R = zCap, 
Z = zCzps 
dbp =101ogw(2n-1) 

Where: R = Value of resistance to be added in series with each channel 
Z = Mixer input impedance of each channel 
z = ],Mixer common output impedance 
n = No. of channels of the mixer 

dbp = Insertion loss of each mixer channels in decibels 
CRp, = (n -1) /n; C=p, _ (2n -1) /n' 
Cap2 = n(n- 1) /(2n -1) ; Czp2 = re/ (2n-1) 

transformed into hyperbolic functions 
of a real variable by means of the 
substitution 

= e26 (25) 
Where 
B = 0.11529 X No. of decibels (26a) 

= log. (2n -1) (26b) 
= 2.303 logo (2 n - 1) (26c) 

Using 25 in 23 and 24, we obtain, 

R = Z coth O t 
z = Z cosh' O 

R=2zcsch20 
Z=zsech20 

(27) 

(28) 

By comparison with Table 1, it may 
be noted that 

j CR = coth O t 
C.., = cosh' O 

S CR.2 = 2 csch 2 0t 
)i1 

Cz,2 = sech2 O 

(29) 

(30) 

Table 1 has been prepared to facili- 
tate the design of series mixers with- 

out the necessity of complete under- 
standing of the basic theory from 
which the tabulations were prepared. 
The answer for any set of conditions 
within its scope is obtainable by the 
simple product of two numbers. 

Parallel Mixers 

Referring to Figure 5, we have a 
resistance -compensated parallel type 
of mixer of n. channels using constant 
resistance faders or attenuators. The 
T type is shown, although no restric- 
tion need be made to that type of 
fader. Any of the standard forms may 
be used as long as the loss require- 
ments and constant resistance with 
image impedance termination are met. 

Since all source impedances or pick- 
ups are, on an image basis, assumed 
equal to Z, and if not actually so they 
may be made equal by suitable trans- 
formers ; and, the load impedance is 
matched on an image basis ; we may 
for analysis purposes remove the 

fader by turning it to the position 
giving zero insertion loss. 

The equivalent of Figure 5 with 
faders removed is shown in Figure 6. 
This shows that the effect of the addi- 
tional channels with the compensating 
resistances, is to cause an insertion 
loss which is dependent upon the num- 
ber of channels only for any given 
value of R and Z. 

The analysis follows a similar pro- 
cedure to that of the series case. 
Equating the image impedances to 
their respective network parameters, 
from Figure 6, 

Z 
Z= 

n 
and 

(31) 

z (Z -{- R) /(tt -1) 
Z =R+ (32) 

z+ [(Z+R) /(n --1)] 
Solving these equations in terms 

of the source impedance, Z, and the 
number of channels of the mixer n, 
we obtain for the compensating re- 

Table 3 

No. of channels, Ns in series; or No. of series groups in parallel 

Series parallel mixer 
Np =N, 
Np =N, 
Insertion loss 

Cm. 
CPI 
db,p 

2 3 4 5 6 7 8 9 10 
2.00000 1.50000 1.33333 1.25000 1.20000 1.16667 1.14286 1.12500 1.11111 

.66667 1.20000 1.71430 2.22222 2.72727 323077 3.73333 4.23529 4.73684 
8.54 13.98 16.90 19.08 20.83 22.28 23.52 24.60 25.57 

R, = Z.C where Co _ N./(N.-1) 
R. z.Cp, where Cp, = Np(iVTp-1)/(2Np-1) 

db,p =20 logio (2N,-1) = 20 log,o (2Np-1) 
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TUNING IN ON 

WITH IRC RESISTORS 

Scientists have long known that living tissue 

generates minute electric potentials. But only 

recently have researchists been able to adapt this 

knowledge to clinical use on the human brain 

through means of the Electroencephalograph. 

In its functioning, tiny electrodes are fastened 

to the skin by collodion at the points indicated 

in the illustration. The average potentials of 

only 50 microvolts are led to a high -gain am- 

plifier and enlarged to a size where the waves 

are easily visualized. Comparative studies of the 

graphs obtained from various brain areas indi- 

cate and localize the presence of abnormalities, 

if any exist. 
Quite naturally for such a sensitively adjusted 

instrument, measuring minute voltages, details 

of resistor construction are of vital importance 

in addition to the inherent stability, precision, 

low noise level and other characteristics which 

ANOTHER j R C DEVELOPMENT 

are fundamental requirements. IRC is proud to 

have collaborated in the evolution of the Elec- 

troencephalograph and to have had its resistors 

and specialized engineering skill play a part in 

its development. 

If you are seeking unbiased counsel on a resis- 

tance problem, consult I R C- the company that 

makes resistor units of more types, in more shapes, 

for more applications than any other manufac- 

turer in the world. 

INTERNATIONAL RESISTANCE COMPANY 
415 N. Broad Street Philadelphia 8, Pa. 
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Table 4 

C Series Parallel Mixer 
No. of channels, N. in series 

2 3 4 5 6 7 8 9 10 
2 
3 

4 
5 
6 
7 

8 
9 

10 

2 
3 
4 
5 
6 
7 
8 
9 

10 

2.00000 1.11111 .77778 .60000 .48889 .41270 .35714 .31481 .281482 2.70000 1.50000 1.05000 .81000 .66000 .55715 .48215 .42500 .38000 3.42865 1.90476 1.33333 1.02857 .83810 .70748 .61226 .53968 .48254 4.16667 2.31481 1.62038 125000 1.01852 .85979 .74405 .65587 .58642 4.90918 2.72727 1.90913 1.47275 1.20000 1.01300 .87664 .77274 .69091 5.65387 3.15000 2.19872 1.69612 1.38202 1.16667 1.00960 .88995 .79572 6.40000 3.55555 2.48892 1.92000 1.56448 1.32067 1.14286 1.00741 .90076 7.14694 3.97062 2.77940 2.14412 1.74703 1.47477 1.27624 1.12500 1.00588 7.89474 4.38596 3.07022 2.36843 1.92983 1.62906 1.40978 1.24270 1.11111 

R. = zC,s 

where 7 Cs_ - Np2 (2N,-1) 

N. (N,-1) (2Np-1) 

Cp2 

.66667 .90000 1.14286 1.38889 1.63639 1.88459 2.13338 2.38231 2.63158 .88889 1.20000 1.52381 1.85185 2.18188 2.51282 2.84444 3.17647 3.50877 1.00000 1.35000 1.71430 2.08333 2.45459 2.82686 3.20010 3.57347 3.94742 1.06667 1.44000 1.82859 2.22222 2.61821 2.84382 3.41343 3.81170 4.21053 1.11111 1.55555 1.90476 2.31481 2.72727 3.14100 3.55568 3.97046 4.38596 1.14286 1.54285 1.95917 2.38095 2.80528 3.23077 3.65724 4.08397 4.51121 1.16667 1.57500 2.00000 2.43055 2.86369 3.29800 3.73333 4.06910 4.60533 1.18518 1.60000 2.03174 2.46914 2.90917 3.35042 3.79261 423529 4.67836 1.20000 1.62000 2.05715 2.50000 2.94550 3.39224 3.84000 4.28816 4.73684 

Rp = Z.Cp2 

where : Cp2 
N,2 (Np-1) 

Np (2N,-1) 

sistance and load impedance respec- n (n- 1) (Z + R)/(n - 1) tively, R = z (35) i,, = i 

2n -1 z+ [(Z +R) /(n -1)] and solving 34 for Z in terms of z 
and n, 

n-1 
R = Z (33) 

n 
and 

2n -1 
z =Z 

n2 

Dividing 33 by 34, we get 

(34) 

n2 

Z = z (36) 
2n -1 

The output or load current is, from 
Figure 6, 

= iz 
1 

n z 

z 

Z+R Z R 
+ 1 

(37a) 

(37b) 

Table 5 

Series -Parallel Mixer 
No. of channels in series, N. 

2 3 4 5 6 7 8 9 10 

Insertion Loss in Decibels, db,, 
2 
3 
4 
5 
6 
7 
8 
9 

10 

8.54 11.76 13.22 14.31 15.18 15.91 16.53 17.08 17.56 11.76 13.98 15.44 16.53 17.40 18.13 18.75 19.29 19.78 13.22 15.44 16.90 17.99 18.86 19.59 20.21 20.76 21.24 14.31 16.53 17.99 19.08 19.96 20.68 21.30 21.85 22.33 15.18 17.40 18.86 19.96 20.83 21.55 22.17 22.72 23.20 15.91 18.13 19.59 20.68 21.55 22.28 22.90 23.44 23.93 16.53 18.75 20.21 21.30. 22.17 22.90 23.52 24.06 24.55 17.08 19.29 20.76 21.85 22.72 23.44 24.06 24.60 25.09 17.56 19.78 21.24 22.33 23.20 23.93 24.55 25.09 25.57 

db,, = 10 logro (2N, -1) (2Np -1) 
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EVERYONE IS T ABOUT THE NEW - GLCB ACHIEVEMENT 

Officially known as the T -45, the 

aeto%;ce 
DIFFERENTIAL MICROPHONE 

is also affectionately termed the "Schickelgruber" 

Developed by Electro -Voice engineers in 
lose collaboration with the Fort Monmouth 

Signal Laboratory, the T -45 marks the be- 
ginning of a new era in which voice trans- 
mission is unaffected by ambient noise or 
reverberation. It accomplishes such com- 
plete suppression of background that speech 
from a battlefield or from the deafening in- 
terior of a moving tank is accompanied by 
hardly a trace of noise. 

The "Lip- Mike" is a Differential Microphone 
designed to fit under a gas mask without 
breaking the seal - small enough to allow 
an Armored Force respirator to slide over 
it - and has been standardized for all Army 
Ground Forces. 

Frequency i+ësponse substantially flat from 200 -4000 cps. 

0 Low harmonic distortion 

I Cancellation of ambient noise, but normal response to user's voice 

Self- supporting, to free both hands of the operator 

tUniform response in all positions 

0 Usable when gas mask, dust respirator or oxygen mask is required 

Unaffected by temperature cycles from -40° F. to +185° F. 

Ability to withstand complete immersion in water 

0 Physical strength to-withstand. 10,000 drops 

* Weight, including harness, cord and plug, less than 2 ounces. 

WHEN PEACE COMES, THERE WILL BE DIFFERENTIAL MICROPHONES OF MANY TYPES 

FOR CIVILIAN USES IN WHICH THESE ADVANTAGES WILL BE OF REVOLUTIONARY 

IMPORTANCE. THUS, ANOTHER WARTIME DEVELOPMENT WILL FIND ITS GREATEST 

VALUE IN THE COMING OF PEACE. 

ï 
'`.7X 

.- Or 

ELECTRO -VOICE MANUFACTURING CO., INC. 1239 SOUTH BEND AVENUE SOUTH BEND, INDIANA 

Export Division: 13 East 40th Street, New York 16, N. Y. - U. S. A. Cables: ARLAB 
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Table 6 

Series -Parallel Mixer 
No. of channels in series N. 

2 3 4 5 6 7 8 9 10 

C.,, 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1.00000 
1.35000 
1.71428 
2.08333 
2.45454 
2.82693 
3.20000 
3.57353 
3.94737 

.74074 
1.00000 
126983 
1.54319 
1.81817 
2.09400 
2.37035 
2.64702 
2.92394 

.58332 

.78750 
1.00000 
1.21527 
1.43182 
1.64904 
1.86667 
2.08456 
2.30263 

.48000 

.64800 

.82285 
1.00000 
1.17818 
1.35693 
1.53600 
1.71529 
1.89473 

.40740 

.55000 
.69840 
.84875 

1.00000 
1.15169 
1.30368 
1.45585 
1.60816 

.35374 

.47755 
.60641 
.73697 
.86830 

1.00000 
1.13200 
1.26412 
1.39637 

.31250 

.42187 

.53571 .4r;iî1172 .43428 

.65102 .58300 .52778 

.76703 .68688 .62182 

.88339 .79109 .71616 
1.00000 .89549 .81066 
1.11670 1.00000 .90529 
1.23352 1.10463 1.00000 

.27984 .25334 

.377'794 .34200 

Z -= C.,2. 
z 

N.2 (2N. -1) 
where : C.,i - 

N: (2N, -1) 

From equation 31 
n 1 

Z z 

z 1 

(38a) 

and = - (38b) 
Z-}-R n 

Using equations 38 in 37b, we obtain 
Il 

= iz (39) 
2n -1 

The power entering the network from 
each source impedance, Z is 
Pz= ia'Z (40) 
while that delivered to the load is, 
P. =i.'z (41) 
which becomes, using equations 34 and 
;9 

I12 2n-1 
P. 2 

Z ,=i 
(2n-1)2 

n2 

(42a) 
1 

= Z iz2 (42b) 
2n -1 

The power ratio is, from 40 and 42b 
Pz 

=2n -1 (43) 
P 
The insertion loss in decibels is ob- 
tained by taking ten times the common 
logarithm of each side of equation 43, 
and is, for the right hand sido, 
db= 10 log,. (2n -1) (44) 
This is the identical loss obtained in 
the case of the series mixer. 

If we define the ratio in 43 
Pz -= 1c2 =2n -1 
P. 
and substitute 

k2 -{- 1 

n= 
2 

in equations 33, 34, 35, and 36, we get 
the equations, 

le-1 
R =Z 

k3 + 1 

(45) 

(4 6) 

(47)and 
4 k2 

z = Z 
(k 1)2 

(Continued an page 76) 

Table 7 

Series- Parallel Mixer 
.. 
Z 

No. of channels in series, N. 
I 2 3 4 5 6 7 8 9 10 
c C,nf 

2 .33333 .44444 .50000 .53333 .55555 .571433 .58333 .59260 .60000 
3 .60000 .80000 .90000 .96000 1.00000 1.02859 1.05000 1.06667 1.08000 
4 .85714 1.14284 1.28572 1.37142 1.4 2855 1.46940 1.50000 1.52382 1.54284 a. 5 
6 

1.11111 1.48146 1.66667 1.77778 1.85182 1.90482 1.94437 1.97535 2.00000 
z 1.36363 1.81817 2.04546 2.18182 2.27273 2.33775 2.38628 2.42429 2.45454 a 7 1.61539 2.15382 2.42308 2.58462 2.69225 2.76926 2.82681 2.87185 2.90771 , 8 1.86667 2.48886 2.80000 2.98667 3.11105 3.20000 3.26663 3.31858 3.36000 9 2.11765 2.82349 3.17648 3.38822 3.52934 3.63033 3.70574 3.76472 3.81174 
co 

M 
o 
d 

10 2.36842 3.15786 3.55264 3.78947 3.94737 4.06026 4.14459 4.21062 4.26316 

R. 
= C.,2 

R. 

N. (N. -1) (N, -1) 
where : C... - 

N, (2N. -1) 
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THE SOLDERLESS TERMINAL THAT 

STAYS PUT 
PERMITS uniform installation with un- 

skilled labor. Provides a strong mechan- 

ical joint that withstands severe vibration. 

Used by leading electrical contractors. 

Approved by prominent electrical engi- 

neers. 

Cut down installation time and save 

valuable man -hours by using "Grip -it" 

Solderless Terminals. 

IN THREE FINISHES 

Silver Nickel Hot Tin 

Send for Samples and Quotations 
Let us have your prints and specifications. 

Quick response to inquiries! 

STEWART STAMPING COMPANY 

621 East 216th St.. New York 67. N. Y. 

BUY MORE 
WAR BONDS 
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FILTER DESIGN BY 

THE CIRCLE DIAGRAM METHOD 

Key subscript 
denoting frequency 

f= f0 
I W I 

2 
J 

1 + 8(1 00/ c D 5 

W=100[- - fol Bandwidth 
o a 

rQW2 50 1 Ordinate of center 
1200 T Q J frequency circle 

515,225 5 

+ 

2 510,100 4 

3 507,556 3 

506,2891 2.5 

36 .666 

16 .375 

9 

625 

.208 

.1125 

N 
O IÑV 

Matching impedance : R = 7 ohms 0 N oJQCoil °Q_ =200 
L 

Data relating to each section Data relating to entire filter 

A 

500000 

U: 
.02 77 

ocdb 
2.9 

0625 

0234 

2.7 

.0833 

0173 

2.25 

.01125 

1.8 

V: 
o 
° 

o 

o 

o 

o 

o 

o 

0 

Da:9.65 
0 

B I C D 

502,506 I 5 05025 I 507 556 
, 

1.25 

-.133 

4.9 

-.31 

-.116 

4.6 

-.083 

4.1 

-.056 

3.3 

.35 

.233 

51° 

55 

.206 

47.5° 

.8 

2 

4.25 

-1.3 

-.865 

8.8 

-2.05 

-.77 

9.25 

-2.75 

.166 -.572 

41.5° 9.75 

1.0 -26 

.112 -.292 

34° 9.8 

16.9 

1740 

.8 

3 

9.25 

-.3.4 1.65 

.533 -2.27 

76° 

1.6 

.6 

105° 

3.3 

18.5 

- 6.7 

-2.51 

147° 

6.05 

2.27 

21.75 

4.55 

1310 

17.8 

.686 I .945 

IO0.5° 

.6 

675 

122.5° 

3.7 

24.1 

-10 

1.125 

69° 

6.25 

.7 

16.9 25° 

37.55 

4 04° 

81.25 

372° 

Midband frequency: fo= soo kc 
Channel width (nominal): fc -fc' 10 kc 

%Channel width: loo fc fc - 2 % 
0 

( *) When W.0 u and v are given by : u = woo woo , V = o 

T HE theory which forms the basis 
for the circle diagram of wave 
filters was explained in the first 

part of this paper.* Very briefly, it 
may be summarized as : the behavior of 
an image- connected section of filter is 
fully determined by the value of the 
complex quantity 

Zl /4Z2 = U-)- j V 
It is possible to represent this quan- 
tity geometrically as a point of co- 
ordinates U and V, or as a vector of 
projections U and V. Expressions for 
U and V are available, but their evalu- 
ation is extremely laborious except in 
cases when the resistance of coils is 
neglected. 

It is found, however, that for many 
types of filters -the point U-1- j V,moves 

in a circle as the frequency is varied 
(the filter circle, characteristic of a 
particular filter, or filter section) ; it 
also describes a circle if we imagine 
the filter design to be varied, at con- 
stant frequency, so as to fit success - 
sively all the possible sections of the 
same filter. This second circle, char- 
acteristic of a given frequency, is the 
frequency circle. Therefore, it is rela- 
tively easy to locate U+- j V, the filter 
point, at the intersection of two circles. 
The circles themselves have center 
positions which depend on the fre- 
quency (for the frequency circle) or 
on the frequency of maximum attenua- 
tion (for the filter circle). 

The so called confluent filter sections 
COMMUNICATIONS, October 1943 ; pp. 20.25, 

78, 80, 82. 

Application Of 

Method To The 

D e s i g n O f A 

Narrow Channel 

Band Pass Filter 

At 500 kc 

1 PART TWO OF A TWO -PART PAPERI 

by PAUL J. SELGIN 
Instructor, Electrical Engineering, 
Polytechnic Institute of Brooklyn 

Figure I 

Design data for a four -section symmetrical 
band -pass filter. 

(of which the symmetrical band -pass 
type is the foremost example) behave 
differently; the filter point in this case 
does not fall at the intersection of two 
circles, but, considered as a vector, it 
is the resultant of two vectors each of 
which, aside from a scalar coefficient S 
independent of frequency, can be so 
obtained. 

Usefulness of Method 
Thanks to the circle diagram meth- 

od, the analysis of the dissipative filter 
may be carried out almost entirely by 
graphical means, as demonstrated in 
the charts which accompanied part I 
of this paper. On page 60 appears one 
of these charts covering the type filter 
being discussed. It should be stressed, 
however, that the method becomes very 
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clumsy when the effect of dissipation 
is slight. In such instances it is often 
possible to neglect dissipation or com- 
pute its effects in the pass band by 
approximate methods. 

Circle Diagram Use 

The circle diagram is useful when 
the effect of dissipation is very pro- 
nounced. This is particularly true when 
the channel (range of transmitted fre- 
quencies) is exceedingly narrow in a 
relative sense ; for example, when the 
filter is designed for high frequency 
multi -channel systems. In such cases 
actual filter performance cannot be 
predicted even approximately by 
theory which neglects dissipation, since 
this is a major factor. Such filters 
cannot be built to very exacting speci- 
fications unless crystals are used. 
However, there are probably many 
borderline cases in which coils are used 
(in temporary installations for ex- 

ample, or in cases when crystals are 
unobtainable). It would seem that in 
such cases, the circle diagram method 
could be of considerable usefulness. It 
should be noted that the method is 
applicable to u -h -f filters in which the 
resonant units (see Figure 3) are re- 
placed by line stubs. 

Procedure 

A band -pass filter for a nominal 
channel width ( interval between cut- 
off frequencies) of 10 kc, and 500 kc 
mid -band frequency, has been selected 
as the basis for this illustration. Such 
a filter is very difficult, and its design 
would probably not be attempted. It 
provides a good example, however, as 
the circle diagram need not be made 
very large for accuracy. Filters of 
average characteristics would require 
the circle diagram to be drawn on a 
sheet the size of a drafting board, using 
stretched wires or similar devices to 
draw the actual circles. Such large 
diagrams could not be reproduced suc- 
cessfully on a printed page. 

The actual computation is done on 
a work sheet (Figure 1). This is a 
tabulation in which each column cor- 
responds to a value of frequency ; each 
row to a section of the filter. It may be 
expanded, of course, to cover any num- 
ber of frequencies, but 4 only have 
been considered. 

The centers of the circles are ob- 
tained by the formulas given on the 
work sheet. In these formulas, W 
stands for the per cent bandwidth. This 
quantity may be used very conveniently 
in place of frequency in connection 

A circle diagram chart which can be used 
to determine filter behavior. 
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"constant n" circle for section 3, upper peak fre, 

` constanf x° circle for frequency B 

B3 Vecfor u and.' for section 3, frequency B 

Figure 2 

The circle diagram covering the design of a 
four -section symmetrical band -pass filter. 

with band -pass filters and resonant 
circuits. 

Have located the centers and drawn 
the circles (Figure 2), the intersec- 
tions are marked and the vectors 
u+jv are obtained as shown. The 
values of u and y for each frequency 
and section are entered in the work 
sheet ; then these values are multiplied 
by S (actually, by S /100, since the 
factor 100 has been used up to this 

(Continued on page 116) 

Figure 3 (below) 
Specification data for resonant units used in 
the design of a four -section symmetrical 

band -pass filter. 

r=33.ohms 
f res =500 kc 

G=1' =412ohms 

f res-485.22 kLi. 

o T 
SECTION 1 2 3 4 

63.3 
500 

4110 

56.4 
500 

11 

47.1 

500 
21 

500 

c _CE E_ L o O l(i O Q) 
Lou.) 0r 0 J) 

00 1"--10) 
1- T (\id) + 

Resonant frequency 
of shunt arms : 

Lower 

fIco(cps) 

485,225 
490,100 

3 492,556 
4 493,789 

Upper 

foo(cps) 

515,225 
510, 100 

507,556 
506,289 

Wco 

bandwidth 

100f-f-° O co 

6 

T 
3740 ohms 

506.29 k c 

loo Wf We 
2 We wo woo 

series 1 arm 

s = oR wc. w (1 

33 
30.3 
26.1 

21 

s 

shuntarms 
p_1ó 4% )2,hms, 

` m 

412 
1010 

2090 
3740 

NOTE. Unit inductance and capacitance(nominal vQlues)are given by: 
L= 4 fres. C= %z- rfresxr 
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Drilling a Diamond. The hole is bored with 

fine diamond dust placed on the end of 
the needle. The machine shown was devel- 
oped by Philips. 

Wire Drawing. As it is difficult to illustrate 
fine wire being drawn to smaller diameter, 
a machine for reducing heavier wire is 

here pictured. 

Enlarged Illustration of the shape of the 

holethrough the Diamond Die. Unless thehole 
is correctly shaped for the material,the wire 
will break when it is drawn through the die. 

Precision manufacture by North American Philips is exemplified 
in the Diamond Die and Wire Drawing Divisions. Machines 
both for making diamond dies down to .0005 of an inch and 
drawing wire to that diameter are Philips developments. 

The tiny hole drilled through the diamond to make the die not 
only must be exactly the diameter specified, but it must have 
a smooth, cone -shaped opening, as illustrated. The operation 
may take weeks. The drilling is under constant inspection for 

accuracy through a powerful microscope. 

This example of precision craftsmanship is but one of many in 

the wide background of research and development of our engineers. 

Today this knowledge is being used to hasten Victory; tomorrow 
it will be available to aid Industry. 

For our Armed Forces we make Quartz Oscillator Plates; Ampli- 
fier, 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 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; High Frequency Heating Equipment. 

And for Victory we say: Buy More War Bonds. 

ore/co 
ELECTRONIC PRODUCTS by 

NORTH AMERICAN PHILIPS COMPANY, INC. 

Executive Offices: 100 East 42nd Street 
New York 17, New York 

Main factory in Dobbs Ferry, New York; other 
factories at Lewiston, Maine (Elmet Division); 
Mount Vernon, N. Y. (Philips Metalix Corp.) 
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PLOTS OF U.jV ON THE a,B PLANE 
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Figure 4 
The graph that provides immediate values of a and ß corresponding to each velue of U and V. 
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...ics a Weathercock to the breeze! 

¶l'he demands of war in an industrial as well as a military sense, are ever changing. 

We must be sensitive to these changes - always ready to meet them, regardless of 

the cost in disappointment, upset schedules, temporary confusion, more work where it 

seemed that the most possible was already being 

done. We constantly endeavor to make this the 

keynote of our operations, realizing its necessity in 

hastening ultimate victory! 
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LOW FREQUENCY RADIATIO 
FROM 

SHORT MOBIL 

ANTENNAE 

WITH so many different types 
of antenna coupling devices 
available to the radio engineer, 

it would generally seem that the use 
of terminal frequencies between 1,500 
kilocycles through 5 megacycles would 
present no particular difficulties. How- 
ever, at once the designer is faced 
not only with a greatly shortened an- 
tenna, but one so small as to be prac- 
tically non -radiating. 

It is axiomatic that if the other sta- 
tion cannot copy yours, you won't 

Discussion of Types o1 

A n t e n n a e P o s s i b l e F o i 

M o b i l e I n s t a l l a t i o n s 

O p e r a t i n g B e t w e e 

1,500 and 5,000 kc 

by KARL A. KOPETZKY 

A base -loaded antenna de- 
veloped to meet the whip prob- 
lem on low- frequency transmis- 
sion. The load coil placed 
outside the vehicle assists radia- 
tion. Under the load coil is a 
very large insulator. This is 
provided since large antenna 
currents and voltages are en- 
countered for even small out- 

put powers. 
(Photo by Black Box) 

work it. So it might be parentheti- 
cally stated that no matter how excel- 
lent the transmitter unit, no matter 
how well -built or designed, only that 
radiation from the transmitter which 
activates the receiver's antenna is 
what should interest the communica- 
tions specialist. In other words, it is 
what leaves your transmitting an- 
tenna that counts. 

Broadly stated, and considering 
power output as unity, antennae radi- 
ate in direct ratio to the impedance 

66 COMMUNICATIONS FOR NOVEMBER 1943 

match between the radiation element 
and the final amplifier tank. When the 
match is poor, or whenever there is 

little or no match at all, or when mon 
power tends to be dissipated througi 
the ground than through the antenna 
then the best transmitter in the worlc 
will not perform satisfactorily. It 
some cases, the choice of tank circus 
for the final has been such that ever 
under ideal coupling conditions radix 
tion from the antenna has been fount 
to be poor, because the circuit selectee 
was not suited to short antenna cou 
pling. 

One of the most difficult problem: 
of portable transmitters whose ter 
mina' frequencies lie in the 1,500 
5,000 kc spectrum appears with using 
a commercial 7 -foot whip antenna a. 
the radiator. A quarter -wave match 
ing antenna would be between 165 ant 
50 feet long, depending on the fre 
quency of operation. A 7 -foot an 
tenna is, therefore, no ordinarily usa 
ble resonant part of a radiator. Thi. 
presents the problem of impedanc 

MOBILE ANTENNA DESIGN 
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461 For years, we have specialized in the 

DO YOU HAVE A 
CRYSTAL PROBLEM? 

quantity production of an exceptionally wide 
variety of quality Quartz Crystals. Recent patents 
granted to us 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 standard 
of comparison. Why not let us help you? 

PRECISION CUTyTERS OF 'QUARTI 
for 

COMMUNICATIONS & OPTICAL USES 
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matching to the final tank circuit for 
reasonable radiation, as an almost in- 
surmountable task. However, there is 
a redeeming feature in portable work. 
The transmission line length from 
transmitter to radiator is so short as 
to present no problem in feeder losses. 

By the same token, however, it is 
not possible to vary the length of the 
antenna for matching purposes which, 
if there is to be any practical radia- 
tion, should be kept at the maximum 
height possible commensurate with the 
terrain. In the continental United 
States this is about 7/ feet. Anten- 
nae of this height will, when mounted 
in the rear of a passenger car or small 
quarter -ton truck, clear most of the 
underpasses and tunnels. Where in 
fixed stations it is customary to trim 
the antenna and its associated feeders 
to the operating frequency, as previ- 
ously stated, this is not possible in the 
mobile installation. 

As a rule, the mobile antenna should 
not be tested on anything other than 
the car or truck on which it is to be 
used. The only exception is that en- 
gineering data may be gathered to de- 
termine if the antenna system can be 
fed by means of a simple mock -up on 
the laboratory bench. Such a mock- 
up is a vertical rod stretched out to 
equal the antenna length. In using the 
mock -up, great care must be exer- 
cised by the laboratory personnel 
to avoid shocks and r -f burns that 
occur when touching supposedly 
grounded or cold chassis, cases, micro- 
phones and terminals which surpris- 
ingly may turn out to be r -f -hot. In 
fact about 90% of the 7 -foot antenna 
mock -up installations used in mobile 
work (as set up in the laboratory) 
will show the ground not to be that at 
all, but an excellent radiator. Some 

Figures I (left) and 2 (right) 
In Figure I appears the simplest of all an- 
tenna coupling circuits. In (a), the antenna 
is fed through a d -c isolating capacitor 
directly from the tank coil of the amplifier 
tube from a tap placed close to the plate 
end of that coil. Experience with this type 
of coupling shows that usually the antenna 
is too small to load the circuit properly. In 
(b) we see the same type of feed except 
that a loading coil has been inserted in 
the antenna lead. This addition in effect 
lengthens the antenna, permitting suitable 
loading of the final plate tank. Figure 
2 (a) illustrates the r or Collins antenna 
matching network, wherein the antenna is to 
be matched to the impedance of the final 
tank. In (b) we have a modification of this 
network where coil L has replaced inductance 
LA as well as coil LB. Capacitors AB and 
BB are the same as A and B in 2 (a). 

of these units when finally changed 
over to car installations will cause an 
r -f -hot car or truck. 

There is no cure for an r -f -hot chas- 
sis except to choose an antenna length 
and an antenna circuit which bring a 
low impedance between the antenna 
and ground, preventing the r -f from 
dividing and loading the chassis and 
car. Since it has been found that if 
one circuit develops a hot chassis and 
car, there is a great possibility that 
the others will also. The only correc- 
tive method possible is to hack off 
lengths from the antenna or increase 
the lead -in until the r -f disappears 
from the vehicle. It is of utmost im- 
portance to remember that all tests 
should be made on the vehicle and not 
on the laboratory bench. Many a 
laboratory bench mock -up will be r -f- 
hot whereas a vehicle will not. 

Actual experience with more than 
ten different ways of energizing mo- 
bile antennae showed that the end re- 
sult, insofar as r -f- feedback or a hot 
ground was concerned, was the same 
in each instance. Not too much at- 
tention need be paid to r -f -hot chassis 
conditions at the outset and on the lab- 
oratory bench, as long as this disap- 
pears on actual installation and in field 
u §e. 

Tests should be made on the feeder 
from time to time to insure the ab- 
sence of standing waves. 

In the final analysis, the type of 
coupling between the final tank circuit, 
and the antenna (and hence the im- 
pedance match) depends upon the 
final tank circuit chosen. If one type 
of plate circuit is employed, a corre- 
sponding type of antenna coupling 
may be used. Some forms of antenna 
circuits permit more than one type of 
antenna coupling. It is therefore im- 
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perative that the antenna coupling a 
the plate tank circuit be considered 
a single unit. If this is clearly kno 
at the drawing -board stage of the d 
sign, little difficulty will be had 
understanding the end results n'h 
the unit is built. 

Field tests will show the advanta 
of one system over another. The 
data, correlated with the laborato 
tests, should be used in . making tl 
final choice of circuit. 

The simplest of all antenna co 
pling circuits is to be found in Figu 
1. Note the grounded variable co 
denser shaft in the tank circuit p 
mitting easy mechanical mounting 
the condenser by doing away with 
sulators, and releasing the unit fr 
hand -effects. The antenna is f 
through a d -c isolating condenser 
rectly from the tank coil of the an 
plifier tube, from a tap placed clo 
to the plate end of that coil. Ti 
closer this tap is taken to the to 
plate, the greater will be the loadin 
Experience with this particular type i 

coupling shows that in most cases, t 
antenna alone is too small to load t 
circuit properly. The tap could 1 

placed directly on the plate of t 
transmitting tube without any app 
ciable increase in plate current. He 
no load worth mentioning results. 
this circuit, the antenna has a capa 
tive effect to ground as indicated 1 

the dotted line condenser CA. Th 
capacitance is comparatively sin 
and therefore acts to change t 
plate loading very little. (Incidentall 
on ultra -high frequencies from abo 
30,000 kc up, this particular type 
feed is extremely advantageous, b 

cause the greater antenna length a 
proaches a resonant / wavelength in 
pedance and is sufficiently large to e 
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OAXIAL EQUIPMEN 

JOHNSON coaxial transmission line 

ilitowidely 

used for efficiently transferring ele 

trical energy from transmitter to antenna or 

r interconnecting transmitter stages. Both 

inner and outer conducters are of copper 

insulated from each other with Alsimag num 

ber 196 beads. 

Five sizes of line and associated fittings ar 

available to handle power outputs of fro 

250 to 100.000 watts. If as is common practice 
the line is to be operated filled with dry o' 

pumped nitrogen we will be glad to make the 

necessary arrangements for the gas an 
associated equipment. Inquire today! 

General Products Catalog 

967E 
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fect proper loading. However, before 
employing it, it is wise to consult FCC 
regulations on the subject. In some in- 
stances this type of antenna coupling 
arrangement is prohibited.) 

Figure lb shows the same type of 
feed except that a loading coil has 
been inserted in the antenna lead. 
This in effect lengthens the antenna 
sufficiently and it is possible to load 
the final plate tank properly. It will 
be found, however, that a large portion 
of the antenna current is being dissi- 
pated in the loading coil as heat and 
there is very little power being radi- 
ated by the whip. 

Collins Network 

Figure 2 presents the r or Collins 
antenna matching network. In this 
system the antenna is to be matched 
to the impedance of the final tank. 
However, in most cases where ex- 
tremely short whip antennae are used 
in the frequencies described, the ac- 
tual impedance of the antenna lies be- 
tween 3 and 8 ohms, making a match 
with the high impedance tank unusu- 
ally difficult, if not well -nigh impos- 
sible. Sometimes a match can be ef- 
fected by condensers which are not 
commercially available. Thus con- 
densers A and B might have to have 
maxima and minima capacitances 
which are difficult to build into them. 
A little help is sometimes obtained by 
inserting a load coil at the point 
marked X. In any event, the system 
is hard to tune. Distributing the an- 
tenna impedance between the coil and 
the antenna results in poor radiation. 
This condition is not easy to trace. 

Figure 2A shows the popular modi- 
fied or Collins network. Here coil 
L replaces inductance LA as well as 
coil LB, of Figure 2, while conden- 
sers AB and BB are recognized as 
similar to those marked A and B in 
Figure 2. Since condenser AB actu- 
ally replaces tank condenser Z in Fig- 
ure 2, and since it is in series with 
condenser BB across the coil, with 
the common ground connection, it will 
have to have twice the capacity of 
condenser Z if it is to operate with a 
coil L equal to inductance L.,. Then 
again if condenser BB does not have 
a small minimum capacity, the cir- 
cuit will not load well. Thus conden- 
ser BB must at once have large maxi- 
mum and as well small minimum 
capacity limits, which are not always 
commercially available. In addition 
to this, a load coil inserted at X is 
always used if coil L is not to get 
too large and have too many taps for 
practical operation. Further difficul- 
ties are encountered at frequencies 
higher than 3000 kc. The antenna 
presents a high impedance to ground 

Figure 3 

An unusual type of coupling wherein a 
curved plate is used, acting in the same 

manner as a shield in a r -f stage. 

(as differentiated from a high impe- 
dance to the tank circuit) and so the 
tank current may divide at condenser 
BB sending more and more r -f into 
ground, making all chassis hot and 
getting into the speech. In that case 
the audio will become distorted and 
trouble develops. Sometimes there 
will be more r -f in the ground and 
chassis than in the antenna itself. 
Since this cannot be corrected by in- 
stallation, being circulating tank cur- 
rent, the circuit must be treated with 
the greatest care, and should be in- 
vestigated carefully before being used. 

An unusual type of coupling is 
shown in Figure 3. Here a curved 
plate is brought close to the tank it- 
self. The curved plate is identical in 
effect to a shield can in an r -f stage. 
The coupled inductive effect has a 
tendency to reduce the apparent induc- 
tance of the tank coil, and the r -f cir- 
culates through both, in much the 
same way as in an r -f coil with an 
untuned secondary. It would seem 
that this is not practical for use in 
mobile installations. Nevertheless the 
circuit is included because of at least 
two such installations which were 
known to have been very successful. 

Figure 4 

An interesting form of antenna coupling that 
is used in some far Western police depart- 
ment installations. Loading of the tank cir- 
cuit can be increased by tightening the link. 
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Incidentally, all of the circu 
shown in connection with this dig 
are tuned in the orthodox mann 
That is, the tank condenser is alwa 
returned to resonance after the circ 
is false -loaded by the antenna load c 
cuit. The one exception is the Colli 
network circuit (Figure 2), wh 
once the tank condenser Z is reson 
ed, it must be left that way throug 
out the entire tuning procedure. Na 
rally, the network is disconnected 
obtaining resonance for condenser 
in the first place. 

When no setting of the antenna co 
densers or the placing of taps lea 
the tank condenser in resonance 
proper load on the final amplifier to 
then that combination of taps and co 
denser settings is said not to lo 
The combination must be changed u 
til one is found which provides pro 
tank loading at resonance. The si 
of each loading coil mentioned depend 
largely on the size of the antenna whi 
and the respective values in micr 
henries and micromicrofarads of 
tank coil and condenser. An excellen 
rule of thumb to follow for load co 
size for the frequencies under discus 
sion, is to add two -thirds the num 
of turns to the number of turns in th 
tank coil, using the same wire size, 
well as the same diameter form an 
wire spacing. 

Figures 4 through 7 show types o 
antenna coupling which are extremel 
popular with police department inst 
lations in the far West. All make u 
of the capacity of the anntenna- 
ground. By tuning the antenna itsel 
the antenna is placed electrically in 
the circulating current path. The e 
fective capacity of the antenna 
shown in each case by the symbol C 
The above mentioned circuits ar 
termed base -loaded and are sho 
with various methods of coupling t 
antenna to the tank coil. Note t 
solid antenna whips cannot be utiliz 
in any of these systems because th 
cannot be tuned mechanically. Sin 
these systems make use of the fa 
that the antenna is part of the circ 
lating current path, a low impedan 
transfer means, such as a link must 
used. If a link can be used, tr 
mendous transfer of energy to the an 
tenna is possible. Link coupling i 
easily accomplished when combin 
with concentric feeders. 

A setup at a good distance from th 
vehicle should be made with a fi 
strength meter or a receiver with 
S meter before any tests can be 
tempted not only with the base -lo 
ed antennae, but with any of t 
coupling devices described in this a 
de. The distance should appro 
mate at least a quarter -wavelen 
length (of the frequency of operati 
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aço 
ICAMOLD pioneered in the develop - 
ent of basic capacitor designs many 

ears ago. These designs are still the 
tandards in the field ... applicable to 
ew electronic techniques as well as to 
hose in general use ... superior in engi- 

neering, construction and service. if you 
lire now engaged in an assignment .. . 

for present or future use ... a Micamold 
ngineer will be glad to work with you 

KEEP BACKING THE ATTACK .. . 
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WHEN WAR began, among products high 
on the "critically needed" list were N. U. 

power tubes. To operate thousands of field and 
ship transmitters, these tubes were needed in 
quantities which called for vastly increased facili- 
ties plus some entirely new thinking along mass 
production lines. 

With a thoroughness that could not miss,National 
Union engineers went to work on this assignment. 
Soon they not only had the increased volume 
required -but in addition we had found the 
answer which many a tube engineer and produc- 
tion man had long sought, even prayed for ... 

the Tube Industry's first automatic exhaust and 
sealing machines to operate successfully with 
this type of tube. 

Such resourcefulness and engineering capacity 
have played no small part in making National 
Union one of the Tube Industry's largest pro- 
ducers of war goods. For improved types of 
tubes and installation data to keep their post -war 
business in step with electronics progress, ser- 
vice engineers can count on National Union. 

National Union Radio Corporation, Newark, N. J. 

Factories at Newark, N. J.; Maplewood, N. J. 
Lansdale, Penna.; Robesonia, Penna. 

NATIONA tUNI 
RADIO AND ELECTRONIC TUBE 

N 

QllrdWfint, Cathode R.N Recehras, 
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way from the car or truck. Having 
et up the field- strength meter or re- 
eiver, it is best to adjust it so that the 
adiation from the tank coil itself can - 
ot be read into the final results. To 
o this, it is necessary to compensate 
or any reading caused, by turning on 
he transmitter without either the an- 
enna or the coupling device in the 
ircuit, mechanically or electrically. 
uch compensation may consist of 

laving to false zero, or noting the 
eading caused by the transmitter 
lone without antenna. Once this 
eading has been made, no changes 

should be made in the meter setup, 
or should either the vehicle or the 
eter be moved throughout the tests. 
To tune the base -loaded antenna, the 

whip should be collapsed to somewhat 
less than its full length in the mount- 
ing provided for it on the vehicle. 
Later it may be extended full length. 
This is how it is tuned. 

Theoretically, the capacitive effect 
of the antenna -to- ground together 
with antenna loading circuit creates 
a parallel -resonant circuit at the 
base of the antenna. In these cir- 
cuits, the antenna current increases as 
the L -C ratio of the loading circuit 
is increased. The lower the C, the 
higher the current. In order to lower 
the C to a minimum, the L is in- 
creased until the C is only the capac- 
ity of the circuit plus the capacity of 
the antenna. Thus the antenna be- 

comes the capacity of the parallel - 
resonant circuit with the circulating 
current in the antenna circuit appear- 
ing between the antenna and ground. 

In base -loaded circuits, the circulat- 
ing current divides between the paral- 
lel condenser and the antenna in pro- 
portion to the respective capacitances 
to ground. Thus it may be stated 
that as the parallel condenser becomes 
smaller, the circulating current in the 
antenna becomes larger ; yet the an- 
tenna current itself is low. If the 
parallel condenser be eliminated en- 

tirely, the antenna current will be 

high and the voltage also ; an ideal 

radiating condition. 
Proceeding with the reduction of the- 

ory to pray tice, a suitable base -loading 
coil would hit resonance when parallel- 
ed by a condenser of between 25 and 35 

mmfd capacity. The condenser must 

MOBILE ANTENNA DESIGN 

Figures 5 (left) and 6 (right) 
In Figure 5, loading of the tank circuit can 

be increased by moving the tap towards the 
plate of the amplifier tube, while in 6 the 
loading can be increased by raising the tap 
toward the antenna. These two circuits are 
also popular in many police department 
installations, particularly in the far West. 

not be permanently mounted, but due 
to high voltage and current, unusual 
care must be taken to provide good 
insulation. Furthermore, once the an- 
tenna is adjusted, the condenser will 
be discarded, so any good laboratory 
standard may be utilized. 

The antenna base -loading coil can 
be coupled to the final tank by any 
method shown in Figures 4, 5, 6 or 
7. (If a center -loaded antenna is de- 
sired, Figure 7a can be followed with 
the same results as a base -loaded an- 
tenna, provided only that each half of 
the dipole will equal at least 7 feet 
in length). Loading of the tank circuit 
can be increased by tightening the link 
(Figure 4), moving the tap towards 
the plate of the amplifier tube (Figure 
5), raising the tap towards the antenna 
(Figure 6), or by both raising the tap 
towards the plate of the tube and also 
towards the antenna (Figure 7a). 
Sometimes it will be necessary to add 
a few turns to the link to obtain a good 
load. Usually two to three turns 
should suffice, although there have 

Figure 7 

If a center -loaded antenna is required, the 
circuit shown in (a) or (b) can be used to 
provide the same results as a base -loaded 
antenna, provided that each half of the 
dipole approaches at least 7' in length. In- 
cidentally, the loading of the tank circuit 
can be increased here by either raising the 
tap toward the plate of the tube as well as 

toward the antenna. In (b) a capacitor is 

connected temporarily between the legs 
across the load coil. Each leg can then be 

shortened qr lengthened.to reach resonance. 

been cases where at least five turns 
were needed. All loads must be cal- 
culated with the antenna temporary 
condenser set to approximately one - 
fourth full capacity and the tank con- 
denser resonated. When the maxi- 
mum loading required has been ob- 
tained by means of the link and con- 
denser setting, a reading of the field 
strength meter should be taken. This 
will be the reference point, the exceed- 
ing of which will become the goal of 
the final tests. Once this point has 
been found (maximum field strength 
at minimum temporary antenna con- 
denser setting, plus resonant position 
for the tank condenser), the link and 
tank condenser should not be touched 
further. The temporary antenna con- 
denser can be then removed and the 
antenna extended. If this does not 
bring the circuit into resonance at a 
higher reading of the field -strength 
meter, the antenna can be returned to 
its shorter position, and a turn at a 
time can be removed from the load 
coil. After taking off each turn, tests 
with the antenna fully extended should 
be made. At some time, the field - 
strength meter should show maximum, 
with the antenna shortened, and the 
tank condenser at resonance. Then 
just a single turn can be taken off the 
load coil. This should swing the field - 
strength meter just past maximum. 
By extending the antenna to full 
length, the field- strength meter should 
indicate maximum radiation, while the 
tank condenser is resonated. The an- 
tenna is then tuned. All meter read- 
ings must be made with the engineer 
at some distance from the antenna be- 
cause of the body effect which will 
change the meter's reading. 

As said before, the center- loaded 
antenna (Figure 7b), of which each 
leg should approach 7 feet in length, is 
tuned exactly the same as the base - 
loaded antenna. The 25 -35 mmfd con- 
denser is temporarily connected be- 
tween the legs across the load coil. 
Each leg is then shortened and length- 
ened to reach resonance. But each 
leg must be shortened the sanie amount 
and the end result must be such that 
the legs are equal in length. Some 
cases will show a center- loaded .an- 
tenna to have better radiation charac- 
teristics than a bas' ase -loaded unit. But. 

(Continued on page 118) 
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SPAGHETTI, the popular food, 
has taken its place as a produc- 
tion aid alongside of spaghetti, 

the insulating fabric tubing. At the 
Westinghouse lamp division, William 
A. Hayes has discovered that spa- 
ghetti, the food, can be used to ex- 
pedite tube production. It is inserted 
inside of the wire coil, thus supporting 
the coil while it is being welded. For- 
merly a piece of steel was used. It 
was however difficult to remove. 
However, the stick of spaghetti can be 
removed in a flash. 

This method, according to Westing- 
house authorities, produces 50% more 
filaments. Because of the important 
savings in tine, manpower and mate- 
rials, Mr. Hayes has been recom- 
mended for a WPB Award of Indi- 
vidual Production Merit. 

In experimenting with spaghetti Mr. 
Hays found that spaghetti can be made 
with fair precision and is strong enough 
not to break if handled carefully ; it 
can be machined on a lathe. For the 
first experiments, a stick of spaghetti 
was placed on a lathe and was ma- 
chined to the correct diameter. The 
spaghetti maker now uses a die to en- 
able him to produce sticks the correct 
diameter for the tube operation. From 
now on spaghetti is in war production. 

Although spaghetti first was applied 
to the assembly of filaments for only 
one type of tube, Westinghouse offi- 

ON THE 

PRODUCTION 

FRONT 
Figure I (upper left) and 2 (right) 

In Figure I appears a magnified view of the 
filament of a tube with household type 
spaghetti inserted to support the coil while 
it is being welded to the rest of the tube 
ports. At right (Figure 2) appears William 
Hayes of Westinghouse, who developed this 
unique procedure. According to Westing- 
house production specialists this new method 
has sped production of filaments 50 %. 

(Courtesy Westinghouse) 

cials plan to extend its use to other 
types as soon as possible and make it 
a permanent practice. 

Cable Forming 

Cable forming, or harnessing, has 
been brought to a high degree of effi- 
ciency for the mass production of wir- 
ing used in communications equip- 
ment. At Federal Telephone and 
Radio Corporation, cables are formed 
in numerous sizes and designs on spe- 
cial guide boards, with as many as 
scores of individual wires, tracer col- 
ored, being used in turning out the 
finished job. After the cables have 
been laced to hold the wires firmly in 
place, they pass down assembly lines 
where lugs and other connections are 
attached. 

Hydrogen for Cathode -Ray . 

Tube Sealing 

From War Production Drive Head- 

quarters of WPB have come many 
interesting and effective tube produc- 
tion suggestions that have won awards. 
We find, for instance, the suggestion 
of John Socolosky, RCA, proposing 
that the gas used for the main seal on 
cathode -ray tubes should be hydrogen 
to eliminate bubbles in the seal. Tip- 
ping off the tube with hydrogen in- 
stead of exposing it to the air was also 
suggested. This was accomplished by 

(Continued on page 119) 
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Figure 3 (left) and 4 (above) 
In Figure 3 we have the harnessing method of cable forming employed at Federal 
Telephone. Above, a unique filament spraying process developed by Van Wagoner of RCA. 
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Echophone Model EC -1 
(Illustrated) a compact communications receiver 

with every necessary featuie for good reception. 

Covers from 550 kc. to 30 mc. on three bands. Elec- 

trical bandspread on all bands. Six tubes. Self - 

contained speaker. 115 -125 volts AC or DC. 

ECHOPHONE RADIO CO., 201 EAST 26th ST., CHICAGO, ILLINOIS 
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MIXERS AND FADERS 

(Continued from page 56) 

k' - 1 

R - z 
4 k= 

(k2 + 1)2 
Z - z 

(48) 

4 k° 

As in the series case, if we use the 
substitution 

k2 - ele (49) 
where 

9 = 0.11529 x No. of Decibels (50a ) 
=loge (2n -1) 50b = 2.303 log10 (2 n - 1) (50c ) 

in equations 47 and 48, there are ob- 
tained the sets of equations in terms 
of hyperbolic functions of a real vari- 
able, 

jR =Z tanh 0t 
z = Z sech2 9 

z 1 

R = - sinh 29' 
2 

J Z = z cosh= O 

Observation of the equations involving 
rt, k, and O in the two cases of the 
series and the parallel mixers reveal 
the interesting relationships that these 
portions of the equations are com- 
pletely reciprocal. This means that the 
following pairs of equations are re- 

(51)and 

(52) 

channels 

1 

TO 
n 

(n+i) 
To 
2n 

7' 

Rp 
R.\A. 

RP 

R 

n 

c hannels 

(Zn'i) 
TO 
3n 

Figure 8 

Equivalent of Figure 7, where 
Z' Zits, (Z 

Figure 9 

Equivalent circuit of Figure 7 for any single 
channel representation. 

ciprocal in n, k, and 9 respectively, 
namely 3 and 33; 5 and 34; 6 and 36; 
7 and 35; 23 and 47; 24 and 48; 27 
and 51; and finally 28 and 52. Hence 
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channels 

1 

TO 
n 

(n +1 
TO 
2n 

Rs RS 

channels 

(2 n+i) 
To 
3n 

(3n +0 
TO 
4n 

Figure I I 

Equivalent of Figure 10, where 
Z" _ (Z + Rp) /n. 

any 
chan. 

Rs(m -1) Z° 
Z"+Rs 

Figure 12 

Equivalent circuit of Figure 10 for an 
single channel representation. 

if the equations for one case art 
known, the other may be obtained im 
mediately. The Z or z portion of th( 
equations remain unchanged in ever 
transformation from one to the other 

By comparison of equations 51 an 
25 with Table 2, it may be noted tha 

CRpS = tanh 9 t 
sech- 9 Cmp1= s 

CRp2= /sinh29 
Czp, = Cosh` 9 (54) 

Table 2 has been prepared to enab 
anyone who has the need for parall 
mixers to readily arrive at a solutio 
to problems which may arise in prac 
tice. For example, what insertion 
losses will be obtained for variou 
numbers of channels ? What ratios o 
input or source to load impedance' 
be necessary for perfect matching; 
What value of resistance will b 
needed to accomplish this matching 
What price will have to be paid it 
terms of insertion loss because of th 
necessity of having matched im . 

pedances at all junctions ? 

[To Be Continued] 

Parallel 
parallel, 

Figure 10 

series mixers of n channels 
in series with m groups 

parallel- arranged circuits. 
o 
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Copper or 
Sulphide Selenium 

::7 
HE KEY to many a puzzling new in- in- 
dustrial development is frequently the 

right application of Power Conversion. At 
the heart of many of today's electrical 
marvels is a Metallic Rectifier Stack. Equip- 
ment designs once believed impossible or 
impractical are now in common daily opera- 
tion- rendering efficient, dependable service. 

Are you working on any ideas involving 
D. C. Power Supplies, Metallic Rectifiers, or 
Conversion Assemblies? Our Engineers' ex- 
perience in solving many such problems is 

at your service. There is no obligation. 

Write today on your business letterhead for Bulletin 70 
giving full details on B -L Metallic Rectifiers. 

Designers and manufacturers of Copper Sulphide and Selenium Rectifiers, 
Battery Chargers, and D.C. Power Supplies for practically every requirement. 
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T HE last few years have seen in- 
creasing use of the thyratron 
and other gas -filled tubes. One 

of the reasons for this arises from 
the facility with which they can be 
controlled. Changes in the output 
current result when the value of a re- 
sistance or a capacitance or an in- 
ductance changes. These parameters 
generally control the phase relations 
between the grid voltage and the plate 
supply voltage, both of which are a -c. 

A typical, simple basic circuit of 
such a phase -control system is shown 
in Figure 1. This circuit seems, at 
first sight, rather complex, and does 
not readily show why a slight varia- 
tion in the setting of the condenser 
should affect phase relations between 
grid and plate supply voltages. 

This paper attempts to indicate, in 
a simple mathematical way, what ef- 
fect the setting of a resistor or con- 
denser or inductor can have on the 

Figures I (top left) and 2 (top right) 

grid -to- plate -supply voltage phase re- 
lations. 

One could rewrite the diagram of 
Figure. 1 in a way that would sug- 
gest the basic circuit operation more 
clearly. This is shown by Figure 2. 

The reader will recognize in this 
a Wheatstone bridge. What is de- 
sired, then is the ratio of e, to e2. To 
cover all possible variations ' of this 
circuit, the general case is taken. The 
diagram for it is shown in Figure 3. 

From Figure 3, 

ei =i, Z,- i2 Z2 (1) 
e, = i, Z, (2) 
i (ZI + Z,) = i2 (Z2 -I- Z.) (3) 
The following information can then 
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Figure 3 

In Figure 2 appears 
the Wheatstone 
bridge, which sug- 
gests basic circuit 
operation. Accord- 
ingly the ratio E, to 
E2 is then desired, 
so that all possible 
variations of the cir- 
cuit can be covered. 
The circuit shown 
here is thus applied. 

be derived from these three equations: 

lc 

ai 

e 

s 

oi 

n 

F 

a 

e, i, Z, - i2 Z2 i, Z, 
..._ _ 

e is 
P 

Zs L Zs -i- Z. 7i Z. 

Z. Z, -}- Z8 Z, Z4 

tf 

Since in most cases Z2 equals Z4, 

e, 2 Z, Z, Z, 

e2 Z, -1- Zs Zs 4 
2 Z, 

= 1 

z, -{- Z8 

2Z,-Z,-Z8 
Z, + Ze 

Z, -Z. 
Z, + Z. 

el (RI -}- P(i) - (R8 + jX8) 

ee (R, + jX1) + (Ra + j(8) 
(12,- Rs) +J (XI-X8) 

(RI +Rs) + j (Xi+Xs) 
(R,-Re) (RI+Re) 

+ (R1-R<,) (Xi +XB) 
-}- j (Xi- Xe ) ( R, + R.) 

+j (X,+XB) (R,-R8) 
(Ri +Re)'+ (X1 +X3)9 

( Ri' + X,' - 
-{- j [Z X, R8 -2 Xe Ri] 

(Rl + R)1+ (Xi + X,)' 

This then gives the value of the 
angle by which the grid voltage leads 

TUBE ANALYSIS 

u 

N, 

ta 

cc 

tc 
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oi 

at, 

R, 
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ONTROL C 

by S. R. GOLDWASSER 

or lags the plate supply voltage. 

2(X,R, -X.Ra) 
8 = tan' 

X,') - (R: -}- X,') 
(4) 

Equation 4 shows that the angle of 
lead or lag depends on only four quan- 
tities, the resistances of Z, and Z,, 
and the reactances of Z, and Z,. Gen- 
rally, one of the legs is reactive 

while the other branch is resistive, in 
order to make O large. However, a 
number of arrangements is possible. 
For one thing, it makes some dif- 
ference which of the two branches is 
the resistive one and which the re- 
active. Also, the relative values of 
resistance and reactance affect the 
phase angle. And lastly, either ca- 
pacitive or inductive reactance is pos- 
sible. A tabulation of the phase 
angles resulting in the several cases 
is given in Figure 6. 

These angles can then be plotted, as 
in Figure 4. The angles of lead are 
6., B., and O.. The angles of lag are 
01, B,, and O. Of these, only O. and 
e, are useful. On-off control is ob- 
tained by the latter, while gradual 
control is given by the former. 

As an example of the way this ma- 
terial can be applied, suppose on-off 
control is desired by changes in value 
of resistance. Figure 4 indicates that 
0 will be the angle. From Figure 6, 

an inductive circuit is indicated, with 
R. much larger than X. The circuit 
used is shown in Figure 5. 

Figures 4 (upper 
right), 5 (lower 
right) and 6 (be- 

low) 

In figure 4 appears 
the plots of the 
angles O. The angles 
of lead are E >,, e5, 
and O. The angles 
of lag are O,, Os, 

and e . Of these 
only 03 and O, are 
useful. On -off con- 
trol is obtained by 
the latter, while 
gradual control is 

given by the former. 
As an example of 
the way this material 
can be applied, sup- 
pose on -off control 
is desired by changes 
in value of resistance. 
Figure 4 indicates 
that O, will be the 
angle. The circuit 
used is shown in Fig- 
ure 5. A tabulation 
of the phase angles 
resulting in the sev- 
eral cases is given in 

Figure 6. 

1111 

11111/11/ 

X is Inductive 

X is Capacitive 

X1=O 

R3 O 

R2, x32 R12= X32 R2« X32 

X3 O 

R1=O 

R32).>X12 
R32_X12 

R3 
«X 2 

8, =tan '=2 
R, 

e4=tanl * 
82=tan I-ao 

85=tañ'+ao 

83=tan I+? 
X3 

I 

86=tanl =2 
R3 

85=tan'+cn 

82=tan '-00 

I 

2 
84=tari 

I e6=tañ X3 83=tan' R3 8,=tan 
XZ 
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ADVANCED DESIGN- IMPROVED MANUFACTURING METHODS 
MODERN PRODUCTION FACILITIES -PLUS LONG AND CONSTANTLY 
GROWING EXPERIENCE ... ENABLE GENERAL ELECTRIC TO ANNOUNCE 

SUBSTANTIAL PRIC 
REDUCTIONS IN 
TRANSMITTER TU .ES 

G 

E 

E 

GL -169 (and GL -159) 
Transmitting triodes - 
for police radio 

Old price . . . . $80 
NEW PRICE . . . . $60 

GL -880 
High- frequency triode-for 
international short -wave, 
frequency modulation 

Old price $850 
NEW PRICE . . . $600 

GL -893 
Transmitting triode -for 
broadcast, international 
short -wave, and also for 
high -frequency heating 

Old price $750 
NEW PRICE . . . $650 

THERE'S A G -E ELECTRONIC TUBE FOR EVERY PURPOSE 
www.americanradiohistory.com
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GL -862 (and GL -898) 
100 -kw triodes - for 50 -kw 
broadcast, and also for high - 
frequency heating 

Old price $1650 
NEW PRICE . . . $1250 

GL -8009 
High -frequency triode -for 
frequency modulation and 
television 

Old price $1100 
NEW PRICE . . . $850 

GL -857B (and GL -266B) 
Mercury vapor rectifiers - 
for 50 -kw broadcast and 
international short -wave 

Old price 
NEW PRICE 

$240 
. . . $200 

Write for COMPLETE new price list showing reductions on additional tubes 

( Publication ET -5). Address Dept. 6 -215, General Electric, Schenectady, N. Y. 

LEADERSHIP. General Electric has prob- 
ably clade more important contributions to 
the development of transmitting tubes than 
any other manufacturer. For example: G.E. 

did much of the early development work on 
tubes and circuits to produce the high - 
frequency oscillations thatSmake radio broad- 
casting possible. G. E. developed the first 
water -cooled transmitting tube which made 
high -power broadcasting possible. G.E. devel- 

oped the hot- cathode mercury -vapor tubes 

which cut broadcasting power costs greatly. 
G -E research, tube developments and 

manufacturing improvements go on - end- 
lessly. Savings gained in this progress will 
always be reflected in favorable price advan- 
tages, in still higher tube efficiency, and 
in longer service. 

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

* BACK THE ATTACK -BUY WAR BONDS! * 

STATION AND STUDIO EQUIPMENT TRANSMITTERS ANTENNAS ELECTRONIC TUBES HOME RECEIVERS 

GENERAL ELECTRIC 
160 -610 
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NEWS BRIEFS OF THE MONTH ... 
SIGNAL CORPS ADOPTS 
F -M WALKIE- TALKIE 
A new and improved model of the Walkie- 
Talkie, with f -m is now being supplied 
to troops at home and overseas accord- 
ing to the War Department. 

Two antennas are provided instead of 
one. In addition to the standard vertical 
antenna, a goose -neck type is included. 
This permits the soldier using the set to 
operate it while he is prone on the ground 
or in a slit trench. 

A headset is included with the new 
model, enabling the operator to listen in 
for a call, while a handset is available 
for use by the officer in command. 

Carrying qualities are improved through 
an extra strap that goes around the abdo- 
men of the soldier, thus distributing the 
set's weight more evenly. The entire set 
is carried like a haversack. 

The set is so treated that rain and im- 
mersion in water for short periods will 
not impair its operating efficiency. 

With all the improvements, the weight 
of the set remains the same as that of 
the old model, about 35 pounds. 

Signal Corps Photo 
* * * 

TELEVISION BROADCASTERS 
ASSOCIATION PLANNED 
Plans for a Television Broadcasters As- 
sociation have been submitted to the 
members of the industry. The format 
for the association was suggested by a 
committee of the Society of Television 
Engineers, of which Klaus Landsberg, 
television director of Paramount Pictures, 
is chairman. 

A proposed constitution has already 
been mailed to stations and other affili- 
ates. 

TURNER ELECTED IRE PRESIDENT 
Hubert M. Turner of New Haven, bas 
been elected president of The Institute of 
Radio Engineers for the coming year. He 
succeeds Dr. Lynde P. Wheeler, of the 
Federal Communications Commission, 
Washington. 

At present, he is associate professor of 
electrical engineering at Yale University. 
During the first World War, professor 
Turner organized technical instruction for 
the U. S. Army Signal Corps at the 
University of Minnesota, and later at the 
Signal Corps School for Officer Candi- 
dates at Yale. 

Ralph A. Hackbusch, of Leaside, On- 
tario, has been elected vice president of 
IRE. He is vice president in charge of 
radio, for Research Enterprises, Ltd. 

Directors elected for three -year terms 
were : Raymond F. Guy, radio facilities 
engineer of National Broadcasting Corn - 
pany, New York ; Lawrence C. F. Hoyle, 
of New York, consulting engineer ; and 
William C. White, engineer of General 
Electric's Electronics Laboratory, Sche- 
nectady. 

* * * 
UBC ENGINEERS FORM SCHOOL 
To train men for broadcast station oper- 
ation and specialist positions in the Sig- 
nal Corps, Walter E. Scholz and James 
S. Hill, United Broadcasting Company 
engineers have formed a school, the 
Broadcast Technical Institute. 

Classes are conducted in the WHR- 
WCLE studios. Students are tutored on 
pre -amplifiers, mixers ancj telephone cir- 
cuits, faders, repeater amplifiers, etc. Ac- 
tual studio control is taught. Theoretical 
and laboratory work is also included in 
the courses, which consist of three six- 
teen -week semesters. Motion pictures are 
also used to teach certain subjects. 

* * * 

GHIRARDI SELLS PUBLISHING 
COMPANY TO FARRAR 6 RINEHART 
Alfred A. Ghirardi, author of many books 
on theory, maintenance and repair, has 
sold his Radio & Technical Publishing 
Company to Farrar & Rinehart, Inc., 
232 Madison Avenue, New York 16, 
N. Y. A subsidiary, the Radio & Tech- 
nical Division of Murray Hill Books, 
Inc., will continue to publish the present 
Ghirardi radio books as well as new 
ones. 

Mr. Ghirardi will continue to write 
books for the radio -electronic field. He 
will also be editorial consultant in elec- 
tronics for Farrar & Rinehart. 

* * * 

WESTINGHOUSE PLANS QUICK 
CONVERSION TO PEACE PRODUCTION 
Complete plans for reconversion to civil- 
ian production as soon as war production 
demands slacken are in readiness at Wes- 
tinghouse, according to a report issued at 
the company's annual conclave of officers 
and managers. 

The report stated that while a period 
of readjustment to peacetime conditions 
must take place, it should be no more 
difficult than our adjustment to wartime 
conditions ; pent -up demands for the 
goods of peace will be unprecedented; 
means of purchasing will exist after the 
war as never before -in cash, bonds and 
credit. 
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ARMY USING LIP MICROPHONE 
A midget microphone, worn on the upper 
lip, which eliminates outside noises and 
leaves the hands free, has been adopted 
for use by the Army Ground Forces and 
is now in production under the super- 
vision of the Signal Corps, Army Service 
Forces. It operates on a new noise -can- 
celing principle. 

To increase clearness in reproduction 
the microphone is provided with breath 
shields in front and back, acting as buffers 
against puffs of air from the mouth which 
would otherwise cause confused or unin- 
telligible sounds. Outside noises enter at 
both sides of the microphone's diaphragm 
in equal volume, and thus cancel them- 
selves, while speech enters the opening 
nearest the mouth with much greater in- 
tensity than on the opposite sides. The 
frequency response is from 200 to 4000 
cycles at normal altitude. It can with- 
stand total immersion for about ten 
minutes without injury to its mechanism. 

The microphone is supported by metal 
mounting brackets with two upstanding 
metal arms attached to loops of cord 
which fit over the user's ears. Both loops 
and bracket may be adjusted to bring the 
instrument directly opposite the lips of 
the wearer. 

Signal Corps Photo 

* * * 

ASA ISSUES STEATITE STANDARDS 
The American Standards Association has 
announced a series of standards (C75.2- 
1943) for steatite insulators. Details 
which have been standardized include out- 
line dimensions, such as length and di- 
ameter of cross sections, hole diameter, 
hole tap (size, pitch and depth). The 
standards also state practices, require- 
ments, manufacturing tolerances and in- 
spection procedures for the use of indus- 
try and the armed forces inspectors. An 
appendix has also been included in which 
appears design criteria as recommended 
by various insulator manufacturers. 

Among the members of the group- who 
participated in the development of this 
standard are : E. A. Domber, Isolantite, 
Inc., Belleville, N. J. ; C. H. Crawford, 
General Electric Company, Schenectady, 
N. Y. ; F. E. Hansen, Western Electric 
Company, Kearny, N. J. ; D. G. Little, 
Westinghouse Electric and Manufactur- 
ing Co., Baltimore, Md. ; C. L. Snyder, 
General Ceramics and Steatite Corp., 
Keasbey, N. J. ; Frank J. Stevens, Ameri- 
can Lava Corp., Chattanooga, Tenn.; and 

(Continued on page 86) 
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There's More to Englneedng 
than Design 

It's one thing to concentrate the combined 
forces of research and engineering on a 

problem, and thereby come up with the 
answer -and quite another thing to put that 
answer into mass production on an assem- 
bly line. 

This teamwork between research engineer- 
ing and mass production is a Delco Radio 
specialty, developed through years of expe- 
rience in the exacting manufacture of peace- 
time automotive radios. It is being applied 
to highly intricate wartime assignments 
which include volume production of receiv- 
ers and transmitters for mobile artillery and 
tanks ... straight -line assembly of push- 
button tuning for vehicular radio receivers 
... mass manufacture of relays, plugs, recep- 
tacles, rotary switches, shock mountings ... 
and volume production of components for 
air -borne communication and electronic 
navigation equipment. 

Today, when the ability to discover and 
design must be teamed with the ability to 
produce in great quantity with highest qual- 
ity, Delco Radio finds itself well prepared 
for wartime industry's needs. Delco Radio 
Division, General Motors Corporation, 
Kokomo, Indiana. 

Back Our Boys 
By Buying Bonds! 
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THE INDUSTRY OFFERS . 
GUARDIAN ADJUSTABLE 
OVERLOAD RELAY 

For overload protectiuii in circuits with 
varying current demands, Guardian Elec- 
tric, 1621 West Walnut Street, Chicago, 
Ill., has developed an adjustable over- 
load relay, series 445, G- 33393. The re- 
lay is said to be adjustable to close at any 
value from .200 to .750 amp. by means 
of adjustable core which varies the re- 
luctance of the magnetic circuit. 

Its rating is 5 amps. at 115 volts, 60 
cycles ; up to three pole double throw. 

The coil can be wound to operate on 
current or voltage ranges where the 
minimum wattage is over .32 watt and 
the maximum wattage is under 4.5 watts. 
Resistance is 8 ohms. Temperature rise 
is 52° C. at .750 amp. 

Vibration resistance is said to be 8 
times gravity, energized or de- energized; 
tested at 45 cycles per second at .080" 
excursion. 

Size is 1 3/16 "x2 % "x2 7/8". Weight is 
9 ounces. 

* fi 

CENTRALAB BUSHING- MOUNTED 
CAPACITORS 

Bushing -mounted capacitors, type 817, for 
use in high frequency circuits where a 
capacity ground to the chassis and a lead 
through is desired, have been released by 
Centralab, division of Globe- Union, Inc., 
900 East Keefe Avenue, Milwaukee, Wis- 
consin. 

The ceramic capacitor tube is plated 
internally and externally with silver and 
then with copper. The tube is a snug fit 
in the brass bushing and the external 
capacitor plate is soldered to the bushing. 
The tinned copper wire is also a snug fit 
inside the capacitor tube and is soldered 
to the internal plate. The entire unit is 
wax impregnated after assembly. 

Capacitance is 55 mmf plus or minus 
10 %. Temperature coefficient is .00052 
mmf /mmf / °C ; test voltage is 2000 v d -c ; 

working voltage is 1000 v d -c. 

AEROVOX HIGH ALTITUDE 
OIL CAPACITORS 

High -altitude oil capacitors are now being 
produced by Aerovox Corporation, New 
Bedford, Mass. 

One of these capacitors is similar to the 
standard Aerovox type '12 round -can 
barrier -cap units, except that one terminal 
is a short screw post. The other is a tall 
insulator post with corona shield at top. 
The cover assembly is a one -piece cera- 
mic cap, with the can top spun over a 
rubber gasket and the cap for hermetic 
sealing. The arrangement of terminals, 
corona shield and ceramic cap is said to 
minimize surface leakage, corona losses 
and probability of voltage breakdowns 
even at extreme altitudes. 

This aircraft type '12 capacitor utilizes 
Aerovox Hyvol vegetable oil for the 
impregnant and fill. 

STRUTHERS -DUNN DYNAMIC 
BRAKING RELAY 

Two relays, types 68HX100 and 
67HXX100, affording instantaneous dyna- 
mic- braking with split- series field motors, 
have been released by Struthers -Dunn, 
Inc., 132 Arch Street, Philadelphia, Pa. 

These relays are suited for applications 
utilizing reversing motors. 

The relays are of the Struthers -Dunn 
Nutcracker- construction. There are no 
sliding contacts. Positive memory con- 
tacts select the proper field winding to 
give reverse torque for braking. The 
relays are said to operate in all positions. 
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B G W CYCLOMETER TYPE 
COUNTER ASSEMBLY 

k cyclometer type counter unit, designed 
for registering rotary coil turns, is now 
available from Barker & Williamson, 235 
Fairfield Ave., Upper Darby, Pa. The 
unit is said to be adaptable to practically 
any application where a shaft must be 
turned a pre -determined number of tintes, 
or set at any pre -determined position. 
The exact number of turns, down to 
tenths of a turn, are recorded on the 
counter. 

Standard counters record 10 turns. 
Others, also available, record up to 100- 
1000 turns. 

These counter assemblies have direct 
shaft drive (1 :1 drive shaft to driven 
unit). Shafts can be any length. A 
Veeder -Root counter is used. The gear 
drive is direct, with precision cut steel 
gears. Units are 8 oz. in weight. They 
are available with either right or kit 
hand rotation, and can be supplied with 
name plates to suit the application. 

STELLITE ALLOY 
FOR SMALL MECHANISMS 

An alloy of tungsten, chromium, and co- 
balt is now being offered by Haynes 
Stellite Company, Kokomo, Indiana, a 
unit of Union Carbide and Carbon Corpo- 
ration, in a form adaptable to instrument 
bearing pivots, phonograph and recording 
needles, needle valves, and similar appli- 
cations. This stainless metal is said to be 
resistant to many corrosive media and all 
normal atmospheric conditions. As it is 
not possible to machine it in small parts, 
these are cast close to size and approxi- 
mate shape and finished by grinding, and 
lapping if necessary. 

The properties of this Stellite alloy, 
according to the manufacturer, include a 
tensile strength of approximately 65,000 
lb. per sq. in. and hardness of Rockwell 
C -60 to C -62. 

The material is said to be virtually 
non -magnetic, and can readily be brazed 
or welded to steel or other base metals. 

(Continued on page 104) 
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A GOOD MATCH 
FOR TODAY'S 

SPECIFICATIONS 
... plus a few items for which 

specifications have not been written 

SPRAGUE 
CAPACITORS 

ELECTROI 

pacify T I nd CAPACITORS -- All 
meefb notions in ratings co: 

and every 

PAPER D/ELECT require,ental 
Hers to 

or oil_ ; RIC CAPACITORS-- 
Potted 

impregnated 
Wax A.C. and p oil- filled sections 

rsn MICA DIELECTRIC 

intermediate 
voltage 

RADIO 
NOISES 

age mold- 

ed 

NIGH 
VOLTAGE 

OPPRESSION 

FILTERS 
NETWORKS 

K00101M Power types 

tipi 
power 

es, 
precision 

SPRAGUE ape resistors, 
mul- 

tipliers, 

tc_ 

NORTH ADAMS, S, MASS. NY 

QUALITY COMPONENTS EXPERTLY ENGINEERED COMPETENTLY PRODUCED 
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L J 

* The new Du Mont Type 241 oscillo- 
graph is literally an enlarged version of 
the 3 -inch Type 224 already meeting 
highly critical requirements. The 5 -inch 
tube means larger oscillograms. The 
added Z -axis amplifier for beam modu- 
lation permits timing signals or blanking 
impulses for further applications. Also: 

Du Mont Type 5JP1 intensifier -type tube for brilliant. 
easy -reading oscillograms. 

Y -axis or vertical definition response uniform from 
20 c.p.s. to 2 mc. Comparable faithful square and 
sinusoidal wave response. 

Test probe and shielded cable reduce input capaci- 
tance and eliminate usual stray pickup. 

X -axis or horizontal deflection amplifier with uniform 
response to 100 kc. 

Both amplifiers have input attenuators and distor- 
tionless gain controls. 

Wide choice of panel connections for extreme flexibility 
in applying signals to cathode -ray tube. 

17'/2" h.; 103" w.; 21" d. 65 lbs. 

* Write for literature . . . 

aUM Nt 
ALLEN B. DU MONT LABORATORIES, INC. 

Passaic, New Jersey 

'Cable Ad ragst Wespeitlin, New Trees 

NEWS BRIEFS 
(Continued from page 82) 

H. R. Terhune, Radio Corporation of 
America, Camden, N. J. 

* * * 

NEW RUST -PROOFING PROCESS 
A new rust -proofing process known as 
carronizing has been developed by Stand- 
ard Steel Spring Company, Coraopolis, 
Pa. 

The process essentially consists of elec- 
troplating on base stock a very thin layer 
of nickel, approximately .000050", and 
then plating over this a layer of nickel - 
zinc alloy. The thickness of this layer 
varies from .000100" to .000500 ". 

Either ferrous or non -ferrous metals 
or alloys can be corronized. 

* * * 
WESTINGHOUSE TUBE OUTPUT 
UP 1100 PER CENT 
The Westinghouse Lamp Division, 
13loomfield, N. J., recently reported that 
its production of electronic tubes is 11 
times as great as it was just two years 
ago. 

Total sales of Westinghouse electronic 
tubes this year will exceed $22,000,000 as 
compared with $1,873,000 in 1941, ac- 
cording to an estimate by Ralph C. Stu- 
art, division manager. 

* * * 
SCIENTIFIC RADIO WINS "E" 
Scientific Radio Products Company of 
Council Bluffs, Iowa, has been awarded 
the Army -Navy "E." 

The company is operated by Leo Mey- 
erson of Council Bluffs and E. M. Shi - 
cíeler of Ft. Dodge, Iowa, both former 
radio amateurs, and Samuel Meyerson, 
Council Bluffs businessman. 

Leo Meyerson, right center, general man- 
ager; Miss Rose Palulta, left center, crystal 
finisher; Lt. Col. John M. Niehaus, left, and 

Lt. Comdr. George Norwood, right. 
* * * 

SETH PARKER 1 -KW TRANSMITTER 
SERVING WAR EFFORT 
The 1 -kw transmitter installed ten years 
ago by WMAQ engineers in the auxiliary 
schooner Seth Parker is now on duty in 
the Mediterranean area for the armed 
forces. 

Badly damaged in Pacific storms, the 
Parker was stranded near Samoa. Sal- 
vaged from the hull's equipment, the 
transmitter was sent back to Chicago 
and put in dead storage. Four years later, 
in 1937, it was overhauled for another 
journey, this time to Canton Island, a 
spot of coral in the far Pacific. There the 
transmitter made it possible for NBC to 
cover the important 1937 solar eclipse. 
On the way back to Chicago storage, the 
apparatus was accidentally dropped over- 
board and pretty well ruined before re- 
covery. But the unit was still good 
enough to be reclaimed and used as an 
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Let this 

CATALOG 

your... 

RESISTOR 
PROBLEMS 

You will find the complete 
line of Lectrohm Vitreous 
Enameled Resistors which 
includes fixed, adjustable, 
"Rib -on- edge" and ferrule 
terminal types -power line 
and R. F. Chokes, brackets, 
bushings, also solder pots, 
etc., illustrated and fully 
described. Write for your 
copy of Lectrohm catalog 
No. 98. 

i 

L E C T R O H M 
I N C O R P O R A T E C 

5143 W. 25TH STREET, CICERO 50, ILL. 

WHIN YOU CHANCE 
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. 

s 

( 
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auxiliary to WMAQ's 50,000 watt sta- 
tion. 

Several months ago, a former NBC 
engineer, serving with the armed forces 
in North Africa, remembered the outfit 
and put in a requisition for it when the 
army needed a 1- kilowatt transmitter. 

* * * 

WPB PUBLISHES SALVAGE MANUAL 
FOR INDUSTRY 
A comprehensive manual on industrial 
salvage has just been published by the 
Technical Service Section, Industrial 
Salvage Branch, Salvage Division, War 
Production Ban 1. 

The new book, entitled Salvage Man- 
ual for Industry, contains 245 pages of 
data -most of it of a how- to -do -it nature 
-on industrial salvage practice in all its 
ramifications. Material is presented in 
twenty -six chapters, grouped into six ma- 
jor sections; two chapters on organizing 
and planning the salvage department, 
three on the administrative factors, twelve 
on methods of handling (finding, identify- 
ing, segregating, collecting, reclaiming, 
storing, selling, etc.) metal scrap, three 
on non -metallic waste, seven case his- 
tories demonstrating exemplary practice, 
a seventeen -page compilation of practical 
hints for handling specific w aste mate- 
rials, and a nine -page index. 

It is procurable through the Superin- 
tendent of Documents, Government Print- 
ing Office, Washington, D. C., at $.50 
per copy. 

CHICAGO TELEPHONE AWARDED "E" 
The Chicago Telephone Supply Company, 
Elkhart, Ind., has been awarded the 
Army -Navy "E ". Lt. Colonel J. M. 
Niehaus, Regional Labor Officer of the 
Signal Corps, made the presentation 
speech at plant ceremonies. Floyd Best, 
president, accepted the award. 

Lieutenant Commander W. P. Burleigh, head 
of Academic Department, Naval Reserve 
Midshipmen's School, Notre Dame, Indiana, 
presenting "E" pin to F. C. Best, president, 

Chicago Telephone Supply Company. 
* * * 

J. L. HEROLD, M. L. LEVY 
ON EMERSON STAFF 

Jerome L. Herold, former G. E. elec- 
tronics department purchasing agent, has 
joined Emerson Radio and Phonograph 
Corporation, New York City, as chief 
purchasing agent. 

Maurice L. Levy, formerly chief en- 
gineer of the radio division of Stromberg- 
Carlson, has been appointed manager of 
Emerson's special equipment division. 

* * * 

MEYERS NOW RCA 
ASSISTANT GENERAL COUNSEL 

Robert P. Meyers, senior attorney in the 
legal department of NBC, has been ap- 

(Continued on page 90) 
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o s 
From deep within the transparent beauty of 
Mother Quartz comes a thin radio -active 
crystal. When diamond -cut and perfectly 
fashioned it keeps frequency constant in spite 
of mechanical maladjustment - controls the 
destiny of our vital war communications! 

Scores of scientific steps go into the finishing 
of each crystal -the kind of precision work- 
manship you'd expect of Wallace Craftsmen 
-the kind you'll find in Wallace Peace -time 
Products. 

Wm.T.WALLAEE FG. 0. 
General Offices: PERU, IDDIRhIP 

(able Assembly Division: ROCHESTER, IADIA(lA 
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TRENDS IN DESIGN AND SHOP PRACTICE 

At left, the new ceramic plastic, prestite, now being used 
for bases on high frequency tubes. This material is said to 
have the electrical and mechanical strength of wet process 
porcelain, with the molding qualities of dry process porcelain. 
Heavy hydraulic pressure is used in forming these bases. 

(Cour' Keay Westinghouse) 

Women technicians have become very active in maintenance 
and repair work for the armed forces. At right we have 
Elizabeth A. Blakeney, T /5th, a member of the WAC, repair- 

ing an audio oscillator. 

Police departments are among the most important users 
of radio communications systems. Not only have such systems 
been installed in large cities, but smaller towns and com- 
munities as well. Below appears an interesting installation 
made recently in a typical moderate sized town. The trans- 
mitter is a 50 -watt a -m unit. It was designed by Dr. C. D. 
Haigis, who is now serving the Government in a consulting 
capacity. The complete transmitter, in its streamlined hous- 
ing, is shown at right, below, while at left, below, appears the 

compact control box. 
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SERIES 345 RADIO RELAY 

A general purpose radio relay designed 

for aircraft use. Contact combinations up 

to three pole, double throw. Coil resist- 

ances range from .01 ohm to 15,000 

ohms. Standard voltage: 16 -32 volts D.C. 

Available with delayed release or de- 

layed attract. Weight: 61/2 oz. Also built 

for A. C. operation (Series 340). 

SERIES 165 VIBRATION RESISTANT 

Counterbalanced armature and sturdy 

construction throughout give this relayan 

unusual resistance to vibration. Silver 

contacts are rated at 121/2 amperes in com- 

binations up to double pole,double throw. 

Rating for aircraft is 8 amperes at 24 

volts D.C. Available with ceramic insu- 

lotion for HF and UHF applications. 

GUARDIAN 
1623 -N WEST WALNUT STREET 

SERIES 195 MIDGET RELAY 

One of the smallest of all relays. Built 

for aircraft and radio applications where 

space and weight are at a premium. 

Contact rating: 2 amps. at 24 volts D.C. 

Switch capacity up to double pole, dou- 

ble throw. 

for a quick reference 
to standard relay types. 

Describes 17 relay 
models for war and 
Post -war applications. 

Write for it today 

ELECTRIC 
CHICAGO, ILLINOIS 

A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY 
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LABORATORY 

STANDARDS 

Standard Signal 
Generators 

Square Wave 
Generators 

Vacuum Tube 
Voltmeters 

U. H. F. 

Noisemeters 

Pulse 

Generators 

Moisture 
Meters 

NEWS BRIEFS 
(Continued from page 87) 

pointed assistant general counsel of the 
Radio Corporation of America. 

* * * 

T. I. PHILLIPS HEADS PITTSBURGH 
WESTINGHOUSE DIVISION 
Thomas I. Phillips, vice president of 
Westinghouse, has been appointed head 
of the Pittsburgh divisions. He succeeds 
A. C. Streamer, who was named assistant 
to the president. Mr. Phillips joined 
Westinghouse in 1915 as a tool maker. 

* * * 

KLICPERA UNIVERSAL 
MICROPHONE REPRESENTATIVE 
M. F. Klicpera has been appointed fac- 
tory representative for Universal Micro- 
phone Co., Inglewood, Cal. He will 
cover Texas, Louisiana, Arkansas and 
Oklahoma. 

* * * 

ROLA HOLDS "E" FLAG CEREMONIES 
The "E" pennant was presented recently 
to Rola Company, Inc., Cleveland, dur- 
ing ceremonies held in the Masonic audi- 
torium. 

Major R. S. French of headquarters 
Fifth Service Command, presented the 
flag to B. A. Engholm, president. Lt. 
Richard S. Howes presented the "E" 
pins. Jesse Hawley, president of Hawley 
Products, St. Charles, Ill., presided at 
the ceremony. 

cCIM#'+t!1qr,... 
B , ÑtlinNO 
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* * * 

WIGGIN RETURNS 
TO SEARS, ROEBUCK 
Parker E. Wiggin, who has been with 
the War Department as chief business 
adviser, Procurement and Distribution 
Service, U. S. Signal Corps, has returned 
to Sears, Roebuck and Co., Chicago. He 
will be in charge of the parent radio and 
musical instrument buying organization. 

* * * 

SIEMENS NAMED CHIEF ENGINEER 
OF RCA IN ARGENTINA 
R. H. Siemens has been appointed chief 
engineer of RCA Victor in Argentina. 
He succeeds Paul Bennett, who has re- 
turned to Camden headquarters. 

* * * 

STAR ADDED TO 
CLAROSTAT "E" FLAG 
A white star has been added to Claro- 
stat's Army -Navy "E" pennant. 

* * * 

PIPE AND TUBE BENDING HANDBOOK 
An 80 -page handbook showing methods 
and devices for bending pipes and tubes 
of copper and its alloys has been released 
by the Copper and Brass Research Asso- 
ciation, 420 Lexington Ave., New York 

FOR NOVEMBER 1943 

"SURCO- AMERICAN 
meag4 PRETESTED 
uu 
"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 meet the most exacting requirements. Tubings 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 1148 A.W.G. solid 
or stranded, shielded. tinned or 
silver plated copper wire and cable 

Technical bulletins and sam- 
ples on request. 

Address Dept. L 

5:469 
ELECTRICAL INSULATION CO. 
84 Purchase St. Boston. Mass. 

i1 

(1,6v;if 
az,de 

!rELIC 
TUBE PARTS 

and 
SHIELDS 

We specialize. in 
SMALL TOUGH JOBS 

/ /i .-- 
METAL STAMPINGS, Ine. 

Division Of THE FRED GOAT CO., INC. 
Machinery Specialists since 1.893 

314 DEAN STREET, BROOKLYN, N. Y 
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City. The text is well illustrated, and 
covers hot and cold bending, minimum 
radii, temper, the use of mandrels of 
various types and many other essential 
factors. 

* * * 

REEVES APPOINTS PINKERTON 
PUBLIC RELATIONS DIRECTOR 
Fred H. Pinkerton is now director of 
public relations of Reeves Sound Labora- 
tories, Inc., 67 West 47th Street, New 
York City. Mr. Pinkerton will also con- 
tinue to serve the National Electrical 
Wholesalers Association as public rela- 
tions counsel. 

* * * 
STAR ADDED TO BELMONT 
RADIO "E" FLAG 
The Belmont Radio Corporation, Chi- 
cago, has been awarded a second white 
star for its Army -Navy "E" flag. 

* * * 

SEARLE MANAGER OF PHILCO'S 
SIMPLEX RADIO DIVISION 
Lionel M. Searle has been named man- 
ager of the entire Simplex Radio Divi- 
sion of Philco Corporation, Sandusky, 
Ohio. 

* * * 

SOLDERLESS TERMINAL BULLETIN 
A data sheet describing a solderless 
terminal for 26 -22 wire has been pub- 
lished by the Aircraft- Marine Products, 
Inc., 286 N. Broad Street, Elizabeth, 
N. J. Information presented includes 
stud size, clearance, tongue width, etc. 
Described, too, are the hand and power 
tools that may be used to apply the ter- 
minals. 

* * * 

TUCKER AND FRANKEL NOW 
WESTINGHOUSE STAFF ASSISTANTS 

R. F. Tucker and Adolph Frankel have 
been appointed staff assistants to man- 
ager Ralph C. Stuart, of the Westing- 
house lamp division, Bloomfield, N. J. 

* * * 

HALLICRAFTERS CLEARING 
PLANT INSPECTED 

The new Clearing plant of the Halli- 
crafters, Chicago, was recently inspected 
by officers of the Army and Navy, during 
a production drive rally. Visiting the 
new plant were Colonel G. P. Bush, 
Deputy Commander, Chicago Signal 
Depot ; Captain H. T. Chin of the Chi - 

(Continued on page 95) 

Manufactured by 

Consolidated Radio 
Mass production of an extensive line of small and 

medium audio transformers enables Consolidated Radio Products to 

supply all your requirements. Twelve years' experience assures work- 

manship of high order combined with skill, precision and efficiency. 

The "last word" in manufacturing equipment makes Consolidated's small 

and medium transformers outstanding in 

every application. 

Consolidated engineers will design trans- 

formers for special applications or will 

build to your specifications. 

One of the coil- winding machines that make 
for the efficient mass production of Consoli- 

dated Radio transformers. 
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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 

At Army -Navy "E" award to McElroy Manufacturing Co., Boston, Mass, in grand ballroom of Hotel Kenmore. Members of VWOA attending were, right to left: W. J. Halligan, president, The Hallicrafters; J. R. Poppele, chief engineer, WOR, New York; Mr. Briggs of Boston chapter; Guy Entwistle, president, Massachusetts Radio School; A. Stockelburg; William J. McGonagle, president, VWOA; Warrant Officer F. C. W. Lazenby, USNR; J. Frank Rigby, RCA Communications, Inc., New York; Mark MacAdam, chief engineer, Brockton, Mass., Police Department; Theodore R. McElroy, president, McElroy Manufacturing Co.; Walter Butterworth, FCC, Boston; A. E. Ridley, charter member, Boston chapter VWOA; Col. K. B. Lawton, Chief of Pictorial Section, Office of Chief Signal Officer; G. H. Clark, secretary, VWOA. 

Personals 
WE had recently a very pleasant 

visit with Lieutenant Com- 
mander Arthur F. Wallis, ex- 

ecutive officer of the Maritime Radio 
Training Station. "Steve" spoke of 
a recent visit to Washington when he 
saw Commander Boucheron, a VWOA 
life member, and Lieutenant Comman- 
der Karl Baarslag, author of S O S 
to the Rescue and other best sellers. 
. . . Our best wishes to Charles D. 
Guthrie, who has completed so many 
years in Government radio service that 
it is difficult to compute the total. He 
was one of the first radio inspectors, 
later radio supervisor of the Shipping 
Board during the first World War 
and for many years after. And since 
inception he has been radio super- 
visor in New York for the War 
Shipping Administration. . . . In the 
Saturday Evening Post appears an 
interesting article by VWOA member 
Josef Israels II. He was publicity 
chairman of our association for sev- 
eral years and has been in the pub- 
licity .field since he left radio some 

years ago Another radio man, 
who is now an outstanding personality 
in the advertising field is Mr. Belding 
of Foote, Cone and Belding. He was 
formerly an operator. . . . And we 
shouldn't forget that in the business 
of disseminating valuable technical 
radio data we have in our midst our 
own LW (Lewis Winner), editor of 
COMMUNCATIONS, who is also an old - 
timer in the radio operating field... . 

Perhaps we should all envy the fact 
that David Sarnoff, our first life mem- 
ber is a frequent visitor at the White 
House, most recently as one of the 
ten industrial leaders to consult with 
the President on economic conditions 
now and after the war.... A phone 
call came in recently from Peter 
Podell, the original member of VWOA 
asking when the next meeting would 
be held. Said he was getting kind of 
lonesome for the old gang. "Pete" is 
now with the confidential section of 
the Federal Communications Commis- 
sion. The recent notice of the meet- 
ing in November at Fusco's, which 
we all hope you will have attended, 
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should keep PP happy. . . . We have 
learned that Sam Schneider, who was 
once termed perpetual treasurer, until 
Bill Simon came along, is now with 
the Overseas branch of the Office of 
War Information. We hope the Arabs 
don't get you, Sam.... E. K. Cohan, 
director of engineering of the Colum- 
bia Broadcasting System - recipient 
of the VWOA Marconi Memorial 
Medal of Achievement in 1940 -is on 
leave of absence from CBS on a gov- 
ernment assignment. . . . As is Wil- 
liam S. Paley, president of CBS, an 
honorary member of our Association. 
He has been assigned to OWI activi- 
ties in North Africa. . . . Haven't 
heard for a long time from G. B. Bab- 
bitts, one of the oldest of old- timers- 
and still active -for a long time. GBR 
recently returned from an eleven 
months' trip to the East. Let's hear 
from you GBR.... Hal Styles, chair- 
man of the Hollywood -Los Angeles 
chapter of our Association is now 
with NBC in Hollywood.... Wonder 
how Gilson Willetts, chairman of the 

(Continued on page 94) 
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producing automatic radiotelegraph appcir-alus . 

Ted McElroy's* own success saga. And the creed that - - 

drove him on-NEVER BE SATISFIED WITH MEDIOCRITY. 

This same spirit prevails throughout the McElroy or- 

ganization,where inquisitive engineers never copy and 
never imitate. They create, design, build . . . 

Typical of the work they do is the new McELROY MODEL 

SR-900 SL-990 . . . a superior commercial recorder includ- 
ing an automatic noise limiter and signal leveller. Em- 

bodying new principles of design and operation, it will 

record clean, readable signals at speeds up to 350 

words a minute under the most adverse conditions. 

our inquiries are invited. If a McElroy engineer can 
of service to you, ask for one. 

*WORLD CHAMPION RADIO TELEGRAPHER FOR MORE THAN 20 YEARS 

MANUFACTURING CORP. 
82 BROOKLINE AVE., BOSTON, MASS. 
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GOULD 
MOODY 
CAN GIVE YOU THE 
RECORDING BLANKS 

YOU REQUIRE 

GLASS BASE 
INSTANTANEOUS 

RECORDING 
BLANKS 

Deal delay ordering your "Black Seal" Reard- 
ingBlanks because of priorities. An M -2X rating 
b erba atically available te all broadcasting 
stations, recordleg studios and schools. 

"lie better lastantaaeoa recording blank was 
ever made," say engineers in major broadcast. 
lug stations frees o nt to -c'ast of tee new 
G.sid -Moody "B " Glass Base testae. 
taseoes Recording Blanks. 

Eadakrg you priority rating orbs stubs 
will expedite deliveries. 

TIE GOULD-MOODY 
COMPANY 

RECORDING BLANK DMSION 

39S BROADWAY NEW YORK 13, N.Y. 

VWOA NEWS 

(Continued from page 92) 

San Francisco chapter is enjoying his 
stay at "Boys' Town," Nebraska. 
Imagine it is quite an experience. We 
shall enjoy reading his account of it 
in his forthcoming book. . . . In a 
chronological history prepared by 
Donald McNicol for the Telegraph 
and Telephone Age we noted that the 
memorial tablet for operators at Bat- 
tery Park was mentioned. The tablet 
which was dedicated May 12, 1915, 
pays tribute to "George Eccles, of 
Almonte, Ontario, Canada, as the 
first man so to die; his ship, the 
Ohio, foundered in Pacific waters in 
1909." Since then many wirelessmen 
have made the supreme sacrifice and 
many of their names appear on the 
Monument in Battery Park. All of 
the trustees of the original Wireless 
Operators Monument Fund are mem- 
bers of our Association.... For some 
years past the VWOA has conducted 
annual memorial services at the monu- 
ment. Present plans call for the re- 
moval of the monument from its pres- 
ent location to a more central location 
in Battery Park and the inclusion of 
a memorial to Marconi. The Associa- 
tion inaugurated a Marconi memorial 
fund shortly after the death of Mar- 
coni which will be used to establish 
the new Battery Park memorial. Con- 
tributions from interested individuals 
and organizations should be made pay- 
able to the Marconi memorial fund, 
Veteran Wireless Operators Associa- 
tion, Radio City, New York, N. Y. 
. . . The Marconi memorial scholar- 
ship plan is an additional tribute to 
the 'memory of the number one wire- 
less man. J. R. Poppele, chairman of 
the scholarship committee, informs us 
that through the courtesy of E. H. 
Rietzke, president of the Capitol Radio 
Engineering Institute, our Associa- 
tion will award a home study scholar- 
ship in the Institute to outstanding 
radiowomen of the WAC, WAVES, 
MARINES and SPARS. . . . Our 
grateful appreciation to F. P. Guthrie, 
chairman of our Washington chapter, 
for the fine job at the testimonial 
dinner to pioneer W. D. Terrell 
upon his retirement from the Federal 
Communications Commission.... In- 
teresting to note that Lord Louis 
Mountbatten, recently appointed Su- 
preme Allied Commander for South- 
east Asia, performed extremely cred- 
itable service as Wireless Officer of 
the British Mediterranean Fleet in the 
1930's. Our best wishes to a former 
'Wireless Officer for success in the im- 
mense job at hand. 
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-Pan -American Airwya ram 

Antennas Designed For 
Wartime Communications 

Premax is supplying Tubular Metal 
Antennas in many different designs 
and with many different types of 
:dountings. They are doing excellent 
service in the Armed Forces, insur- 
ing communications under most try- 
ing conditions. 
Send for sketches of Standard De- 
signs ... or details of special designs 
if required. r e ax fit cuc s 

Division Chisholm -Ryder Co., Inc. 
4401 Highland Ave., Niagara Falls, N. Y. 

IF YOU want to "let your- 
self go," in a new and 
revolutionary elec- 
tronic field 

IF YOU are right at home 
in UHF and Television. 

IFYOUR present work 
cramps your style, in- 
genuity or opportunity 
and if your full talents 
are not 10000 for war 

. THEN 

COME WITH US 
We are carrying the 
ball in a scientific 
battle against the en- 
emy. We need compe- 
tent research engi- 
neers. Outline your 
education, experience, 
marital status and sal- 
ary requirements. 
Address: 

PANORAMIC RADIO CORP. 
245 W. 55TH ST. NEW YORK 19, N. Y. 
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NEWS BRIEFS 
(Continued from page 91) 

nese Army and at present a member of 
the Tank Corps ; Commander E. N. 
Dingley, Jr., Radio Division, Bureau of 
Ships, Navy Department ; and Lieutenant 
Charles J. Bates, senior surviving officer 
of the U. S. Destroyer Meredith, which 
was sunk off Guadalcanal last year. 

* * 
CATHODE -RAY BIBLIOGRAPHY 
An extensive bibliography covering text- 
books and published papers on cathode - 
ray equipment and tubes appears in the 
current issue of the Dull lout Oscillog- 
rapher. 

* * * 
REEVES SOUND LABORATORIES 
HOLD "E" CEREMONIES 
The Reeves Sound Laboratories, Inc., 
67 West 47th Street, New York City, 
have been awarded the Army -Navy "E ". 
Ceremonies were held in the grand ball - 
roorn of the Waldorf- Astoria, New York 
City. 

The presentation of the flag was made 
by Colonel C. E. Snow, Signal Corps 
Officer in charge of the Legal Branch, 
Matériel Division, to Hazard E. Reeves 
and Laurence D. Ely. 

The presentation was broadcast over 
\V OR. 

Left to right: Colonel Conrad E. Snow, 
Laurence D. Ely, Hazard E. Reeves, Sgt. 
Alex. J. Kolonics, wounded veteran who at- 
tended; Louis Bourguignon, chief electrician, 
Reeves Laboratories, and Lt. Ralph Whitney. 

* * 
VINYL PLASTIC FILM DATA 
The October issue of the Bakelite Re- 
view features an analysis of thin vinyl 
plastic film. This issue also contains data 
on a process for molding resin -bonded 
plywoods, bakelite plastic antenna masts, 
etc. 

The Review is published by the Bake- 
lite Corporation, 30 East 42nd Street, 
New York 17, N. Y. 

* * * 

RADIO AGE FEATURES 
PAPER ON TELEVISION RELAYS 

In the October issue of Radio Age, pub- 
lished by RCA, New York, appears an 
analysis of television relays by Ralph R. 
Beal, RCA director of research. 

Appearing in this issue, also, are papers 
by H. W. Leverenz on phosphors ; Harry 
E. Leroy on crystals ; Henry E. Hall - 
borg on weather prediction ; and Clifford 
Eddison on chemistry in war work. 

Other subjects covered in this issue 
include OWI recording unit and postwar 
television plans. 

* * * 
CENTRALAB TUBULAR 
CAPACITOR BULLETIN 

An eight -page bulletin, Ceramic Tubular 
(Continued on page 101) 

Housed within four daylit 
floors is a modernly equipped 
tool and die shop, and every 
facility for fabrication from 
raw stock to shining finished 
product of such items as: 

METAL STAMPINGS .. . 

Chassis, radio parts, cans, and 
special stampings to specifica- 
tions 

MACHINE WORK . . . 

Turret lathe, automatic screw 
machine parts and products 
from bar stock to castings 

LAMINATIONS . . . 

Strapless E & I type ranging 
from 7/2" to 134" core size. 

Many other types and sizes. 

Laminations made to your spe- 

cifications 

PANEL BOARDS . . . 

Bakelite items from dial faces 
to 24" panels machined and 
engraved to specifications 

PLASTIC PARTS . . . 

From sheets and rods to any 
specification 

MECHANICAL 
INSTRUMENTS . . . 

Line production checking 
equipment, jigs and tools 

ELECTRICAL 
INSTRUMENTS . . . 

Switch boxs, lighting fixtures, 
etc. 

OUR ENGINEERING DEPARTMENT WILL COOPERATE IN THE 

DEVELOPMENT OF ANY SPECIAL ITEM TO MEET YOUR 

REQUIREMENTS. 

We Te Teaz44 agd eeaeirtefeed 

W1LLOR 
MANUFACTURING CORP. 
794 East 140th Street, New York 54, N. Y. 
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fi a avdis 

Awarded for distinguished 
service ... to employees of 

SCIENTIFIC RADIO PRODUCTS COMPANY 

The fighting man with the Distinguished Service 
Medal on his breast is proud. For it denotes excep- 
tional bravery beyond the call of duty-a personal 
EXTRA contribution toward Victory. 

Our workers can be proud that their exceptional 
contribution too has been recognized. For the "E" pins 
they now wear signifies distinguished service, individ- 
ual excellence on the production front. To them, not 
we, must be given credit for outstanding service to 
the nation. 

SCIENTIFIC RADIO PRODUCTS COMPANY * 
738 West Broadway -- Council Bluffs, Iowa 

MANUFACTURERS OF PIEZO ELECTRIC CRYSTALS AND ASSOCIATED EQUIPMENT 
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CARE AND MAINTENANCE 

OF 

TEST EQUIPMENT 

by N. H. DAWES 
Service Manager, 

pROPER care and maintenance 
- are obviously necessary if op- 

timum performance and long 
life are to be obtained from electrical 
and mechanical instruments. Yet our 
experience with returned instruments 
(and we believe the other manufac- 
turers will agree) indicates that most 
users of instruments do not follow a 
definite maintenance program. 

The fine degree of accuracy of most 
instruments is dependent in part upon 
the smooth operation of controls free 
from backlash, clean contacts, and the 
exclusion of dust and foreign matter. 
A large part of the charge made by 
manufacturers for reconditioning in- 
struments is for the labor of replacing 
parts that have not been properly 
cared for, cleaning contacts, lubricat- 
ing moving parts, and removing for- 
eign matter such as dust, grit, insects, 
bits of metal, salts from corrosion, 

Moving contacts should be cleaned and 
lubricated periodically. This photograph 
shows a completo kit for lubricating decade 
switches. From left to right we have . . . 

tube of lubricant, brush, strip of crocus 
cloth, cloth, and solution of half alcohol and 
half ether. On the decade box shown here, 

the upper five contacts on the right -hand 
switch have been cleaned with the alcohol - 
ether solution. Note the difference in 

appearance. 

Pipe cleaners are convenient to use in re- 

moving the dust from between the plates of 
a precision air condenser. 

and the like. Much of the incon- 
venience and expense of returning in- 
struments for repair could be avoid- 
ed if the user followed a program of 

periodic inspection and adjustment in 

his own laboratory. In applications 
where operating conditions are such 
that wear and corrosion are inevitable, 
a definite maintenance program is es- 

sential and will help to minimize de- 

General Radio Company 

terioration and failure. Although in- 

dividual conditions of use will deter- 
mine the details of any maintenance 
program, the following suggestions are 
offered to assist the user of test equip- 
ment in any servicing he may choose 

to do. 
Equipment used for continuous pro- 

duction testing demands frequent 
servicing. Constant use will eventual- 
ly result in the wearing of moving 
components, deterioration of tubes and 
batteries, changes in the values of re- 
sistors and capacitors, and the collect- 
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For ALL COAXIAL CABLES 
The new Andrew glass insulated terminal .is 
an outstanding development that provides you 
with a 100`Yc air - tight, gas -tight system for gas 
filled coaxial cables. Permanent, leak -proof 
operation of Andrew terminals is insured be- 
cause of a unique design using a glass -to -metal 
seal. A special design that minimizes shunt 
capacity makes them ideally suited to high 
frequency operation. Dielectric losses are re- 
duced over the standard ceramic type insulated 
terminals because of reduced volume of glass 
in regions where the electric field is greatest. 

The Andrew Company is a pioneer 
in the manufacture of coaxial cables and other antenna equipment. The entire facilities of the Engineering 
Department are at the service of users of radio transmission equip- ment. Catalog free upon request. 

363 EAST 75TH STREET CHICAGO 19, ILLINOIS 

tGNAL GENERATORS AUDIO OSCILLATORS TEST EQUIPMENT 
RADIO RECEIVERS TRANSMITTERS ELECTRONIC DEViC 
oonsod by RCA. ,._ , .. ' ' . 6,. yAa;r 

., 

.r., '_ 

'EAST 63rd .STREET, NEW 
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ing of dust and grit throughout the as- 
sembly. These conditions occur very 
gradually, and the effects are not no- 
ticed until errors become serious or 
performance deteriorates. Only by 
periodic inspection can failure be an- 
ticipated and worn parts replaced 
without serious interruption to service. 

On the other hand, an i.strumen 
operated occasionally may have to s 

serviced each time it is used because o 
the oxidation of contacts, switches 
etc., and the presence of dirt and mois 
ture. Lack of lubrication and an ac 
cumulation of foreign matter o 
switches, contacts, bearings, controls, 
and mechanisms can cause consider- 
able difficulty even when an instru- 
ment is relatively new. 

Cleaning 

Moving parts should be kept as 
clean as possible and cleaned before 
lubricating. A solution of half alco- 
hol and half ether is recommended for 
switch and relay contacts, contact sur- 
faces of wire -wound controls, slide 
wires, and mechanical contact surfaces 
of various types such as attenuators, 
detent mechanisms, chain drives, gear 
trains, shafts, and bushings. The use 
of carbon tetrachloride is not recom- 
mended because of the corrosive ef- 
fects of any free chlorine that may be 
present. Any residue that accumu- 
lates should be removed by wiping be- 
fore lubricant is applied. To remove 
oxidation or corrosion, a fine abra- 
sive such as crocus cloth may be used, 
but its use is limited to relatively large 
contact surfaces such as those on vari- 
able autotransformers, attenuators and 
relay contacts. 

h 

Most of the variable autotransform- 
ers returned for repair have damaged 
windings. Broken brushes, or poor 
contact between the brush and a cor- 
roded or blackened winding surface, 
will produce arcing, with eventual 
damage to the winding. Periodic in- 
spection and cleaning can prevent this. 

A very fine grade of sandpaper is 
recommended on certain types of con- 
tacts, although the residue must be re- 
moved with a fine brush for smooth 
operation. Fine sandpaper may be 
used on wire -wound controls (pro- 
vided the wire is not too small), key 
switches, push switches, anti -capacity 
switches, and multi -blade- contact ro- 
tary switches; also on contact buttons 
and relays. 

Some assemblies, such as syncro- 
clocks, piezoelectric crystals, motors, 
and meters require special attention. 
Syncro- clocks should be carefully 
cleaned by one acquainted with fine 
mechanisms of this type. Quartz cry- 
stals are difficult to service in the field 
and should be returned to the factory. 
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Electric motors demand the usual at- 
tention to commutator surfaces, 
brushes, and bearings. Meters should 
not be cleaned except by one skilled 
in meter repair work. 

The presence of dirt and lint on the 
plates of air condensers increases the 
losses. And in a precise impedance 
bridge, this will seriously affect the 
accuracy of measurement. The plates 
can be easily cleaned with pipe clean- 
ers. In cleaning calibrated condens- 
ers, however, care must be taken not 
to bend the plates. Foreign matter 
between terminals on a fixed condenser 
should be periodically removed. Other - 
wise, the combination of dirt and mois- 
ture will produce a low value of leak- 
age resistance. 

Lubrication 

Proper lubrication is very important 
in the maintenance of precision instru- 
ments. Some bearing surfaces require 
a grease, while for others oil is best. 
When new, our instruments are lubri- 
cated with either Lubriko* or a fine 
grade of clock oil. The use of these 
lubricants is recommended in mainte- 
nance. 

Lubriko has been selected because 
it is acid free and because it adheres 
to moving parts better than most lubri- 
cants. It is recommended for use on 
wire -wound controls, button contacts, 
attenuators and small variable auto - 
transformers. However, a very thin 
film should be applied, as a large 
quantity will cause foreign matter to 
collect. 

For detent mechanisms, chain 
drives and gear trains, ball bearings, 
shafts, vernier drives, etc., a larger 
amount should be used. These moving 
parts require lubrication more fre- 
quently to prevent wear. 

The use of a fine grade clock oil is 

recommended for slide wires, push- 
button switches, syncro -clocks, and 
condenser contact surfaces of the slip - 
ring type. This type of lubricant 
should be applied in very small quan- 
tities. A thin film applied with the 
finger will suffice for a slide wire but 
this should be done frequently because 
of evaporation. The small gear on the 
shaft of the rotor of a syncro -clock 
requires lubrication every few months. 
Likewise the bearings should be oiled 
to insure proper operation. Bearings 
in small condensers require occasional 
lubrication. 

Expendable Parts 

Tubes and batteries should be tested 
frequently and replaced if necessary. 

*Density MD, manufactured by Master Lub- 
ricants Company, Philadelphia, Pennsylvania. 

STEP NO. 94 
This aircraft instrument housing -Step 
No. 94 for a famous maker of war planes 
-looks like one piece. But it's actually 
five pieces! Five pieces of aluminum 
formed and welded, machined, finished 
-to limits .005. Isn't there a step in 
your production cycle where our `Pack- 
aged Production" would be a big help? 
You'll get 54 years of exceptional ex- 
perience in Metal Fabrications: Precision 
Machine Work: Electrical & Mechanical 
Assemblies. Also, carefully organized 
operational methods to relieve you of all 
production responsibilities on an entire 
product -or a single part. Avoid produc- 
tion headaches and inquire if our prior 
commitments will `Let Lewyt Do It" 
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TARE ITAPART 
AND SEE WNW 
Littelfuse mountings 

excel in protection 
for fuses, and safe 
inspection removal 
and replacement. 

itaitae 
EXTRACTOR 

POSTS 
(1) Molded of black bakelite -thor- 

oughly insulated- preventing cor- 
rosion and shorts. 

(2) Positive Fuse Grip 
Permits full visual shock -proof in- 
spection. 

(3) Anti- vibration terminals 
Side and End terminals integral 
with metal parts. Prevent vibra- 
tion. 

(4) Spring -activated Cup 
Insures positive continuous elec- 
trical contact. 

(5) Knob pulls and holds Fuse 
Special grip prevents dropping out. 

(6) Fuse can be taken from knob only 
by hand. 

AIRCRAFT MOUNTINGS FOR 4 AG FUSES 

Max. current 40 amps. Screwdriver and 
finger operated. Length overall 2%". Ap- 
plications: Aircraft, radio circuits, protect- 
ing vacuum tubes, transformers, lighting 
small motors and mane other general air- 
craft circuits. 

LITTELFUSE MOUNTINGS FOR EVERY 
INSTRUMENT FUSE 

From most delicate meters, to high voltage 
transmitting equipment rectifiers, etc. Full 
data on request. 

LITTELFUSE 
INCORPORATED 

221 Ong Street 4751 Ravenswood Ave. 
El Monte, Calif. Chicago, Ill. 

Only such types as recommended by 
the manufacturer should be used. 

Finish 

Lacquered dials usually do not re- 
quire much attention. However, the 
use of an oil polish will improve their 
appearance. For smooth operation, 
slow notion drives of either friction - 
or gear -type must be cleaned occa- 
sionally. A fine brush and a cloth 
saturated Hrith carbon tetrachloride 
are satisfactory. 

An oil polish may be used on wood 
cabinets, panels and dust covers to 
improve appearances. Panel finish 
can be restored to its original appear- 
ance by using an oil polish and care- 
fully wiping afterward. 

Performance Checks 

In addition to inspection, cleaning 
and lubrication, the well -equipped 
laboratory should be able to measure 
the overall performance of the instru- 
ment. Deterioration of tubes, wear 
in slide -wire resistors, and increased 
leakage in condensers can combine to 
impair overall accuracy, power output, 
waveform, etc. Where the necessary 
additional test equipment is available, 
the accuracy and output characteris- 
tics of an instrument can be measured 
and any departures from catalog spe- 
cifications corrected by readjustment. 
For the laboratory interested in accu- 
rate measurements, regular checkups 
of this sort are essential. 

Service Manuals 

When service manuals are available 
from the manufacturer, they provide 
a guide to maintenance and trouble- 
shooting that will save a good deal of 
time for the plant instrument man. 
Point -to -point circuit checks and test- 
ing for defective components are con- 
siderably simplified if these manuals 
are used as testing guides. 

Complaints 

For specific instruments, these gen- 
eral suggestions often must be supple- 
mented by more specific information, 
usually included in instruction books. 
Whenever additional service or main- 
tenance instructions are needed, the 
manufacturer will gladly supply the 
necessary information. 

When you write a manufacturer 
about failures or inaccuracies in in- 
struments, be specific. Describe the 
trouble clearly, and the steps taken to 
locate it. Above all, read the operat- 
ing instructions and tell the manufac- 
turer just where in the operating pro- 
cedure the failure shows up. This will 
save your time as well as his, and may 
obviate the returning of the instrument 
to the factory in order to diagnose the 
trouble. 
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Small, 
But Mighty Important! 
The dependability of a miniature Light Assem- 
bly may well be a matter of life or death! 
That's why such large quantities of DRAKE 
PATENTED Assemblies are used by practically 
every Aircraft and Radio manufacturer. Their 
unfailing performance for signal or illumination 
purposes has been widely known for years. 
As "world's largest exclusive manufacturer" 
quick shipments in any quantities are assured. 

Have You the 
Drake Catalog? 

PILOT LIGHT 
ASSEMBLIES 

DRAKE MANUFACTURING CO. 
1713 W. HUBBARD ST. CHICAGO, U.S.A. 

Alt 

AXES 
AND 

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. 
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NEWS BRIEFS 
(Continued from page 95) 

apacitors, form 630 revised, has been 
ssued by Centralab, division of Globe - 
Union, Inc., 900 East Keefe Avenue, 
Milwaukee 1, Wisconsin. 

* * * 

OLAR APPOINTS McKINLEY AS REP. 

E. McKinley, 401 No. Broad St., 
r hiladelphia, Pa., has been appointed 
Gales representative for Solar Capacitor 
¡Sales Corporation in Eastern Pennsyl- 
uvania, Maryland, and the District of 
tColumbia. 

* : * 

IISECOND WHITE STAR 
'TO PHILCO BATTERY DIVISION 
The Storage Battery division of Philco 
Corporation, Trenton, New Jersey, has 
been awarded a second star for its Army - 
Navy "E" flag. 

* * * 

HALLICRAFTERS WINS 2D STAR 

William J. Halligan, president, and Myrtle 
Wilner, veteran employee of Hallicrafters, 
with the two- starred Army -Navy "E" flag. 

* * * 

G. E. MYCALEX BOOKLET 

An eleven -page bulletin describing prop- 
erties and applications of G. E. mycalex 
has been published by the specialty divi- 
sion of G. E. 

G. E. mycalex made from mineral in- 
gredients and used extensively as an in- 
sulator is produced in plates, rods, strips 
and disks. It also can be compression - 
molded into simple shapes with and with- 
out metal inserts. 

* * * 

GUARDIAN RELAY 
REFERENCE BULLETIN 

A bulletin, 0E112, with thumbnail de- 
scriptions of seventeen types of relays 
used in aircraft, radio, Signal Corps, and 
general industrial applications, has been 
issued by Guardian Electric Manufactur- 
ing Company, 1623 W. Walnut Street, 
Chicago, Illinois. A short explanation 
of two popular time delay methods is 

also included. Another section tells 
about the new lightweight solenoid con- 
tactors built to U. S. Army Air Force 
specifications. Following this is a para- 
graph on solenoids giving plunger stroke, 
lift, and power requirements for eight 
standard types of intermittent and con- 
tinuous duty a -c and d -c. solenoids. 

* * L 

BURNSIDE OF WESTINGHOUSE 
RECEIVES HONORARY DEGREE 

C. J. Burnside, manager of the Westing - 
(Con tirtued on page 102) 

NEEDED TODAY 

... 48./1 

WITH Allied armies on the march and the retreating 
Axis forces destroying all existing facilities, the need for 

telephone communications systems is soaring. 

The record of the telephone equipment manufacturing 
industry in this war should be a sufficient guarantee that 
our fighting men will continue to get what they need, 
regardless of the enormity of the job. 

The men and women at "Connecticut" have made a rec- 
ord that stands out even in an industry famous for its 

wartime accomplishments. 

We submit the record we are compiling now, as evidence 
of ability to serve postwar America. We are glad to consult 
with manufacturers seeking help on electronic or electrical 
product developments - also with engineers who have 

developed ideas that might round out our postwar plans. 

CONNECTICUT TELEPHONE & ELECTRIC DIVISION 

MERIDEN, 

MER/CAN 

N04SrR/ff 

CONNECTICUT 

Engineering, Development, Precision Electrical Manufacturing 

© 1943 Great American Industries, Inc., Meriden, Conn. 
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Here, at Doolittle, we are coordinating 
every effort and skill to help provide the 

communications equipment so essential for 
Victory. This will mean better peace -time 

communications after our battles are won. 

To Assure Victory 
Buy More U. S. War 
Bonds and Stamps 

RADIO, INC. 
Builders of Precision Radio Communications Equipment 
7421 S. Loomis Blvd., Chicago, U. S. A. 

CURRENT awe VOLTAGE 
FLUCTUATION 

REDUCED 

VOLTAGE OF 24V WITH AMPERITE 
BATTERY 6 CHARGER , VOLTAGE VARIES 

VARIES APPROX. ONLY 

A MPERITE 
REGULATORS 

7eateeted 
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. 
HermeticaUp.sealed. Unaffected by altitude.... Send for catalogue sheet. 

ENGINEERS This 4.page er will help you solve 
Current and Voltage 

fold 
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 
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NEWS BRIEFS 
(Continued from page 101) 

house Radio Division in Baltimore, Md., 
received the honorary degree of Doctor 
of Engineering at the recent commence.. 
ment exercises of the South Dakota 
School of Mines in Rapid Citi, South 
Dakota. 

* * * 
J. G. KELLOG NOW PRESIDENT 
OF KELLOGG SWITCHBOARD 
James G. Kellogg has been elected 
president of tJle Kellogg Switchboard and 

. Supply Company, Chicago, to succeed. 
Major Maurice K. McGrath, who re -, 
signed for reasons of health. 

* * . 

FOUCH PRAISES FACTORY WORKERS 
James L. Fouch, president and general. 
manager of the Universal Microphone, 
Co., Inglewood, Cal., reports that the best 
ideas in employees' suggestion contests 
come from assembly line workers and not 
from white- collar people. 

* . * 

FRAZAR -HANSEN EXPORT REP. 
FOR ANDREW COMPANY 
Frazar and Hansen, San Francisco, Calif., 
have been appointed export representa- 
tives of the Andrew Company, Chicago, 
Ill. 

* * * 
ROBERT D. KIRKLAND DEAD 
Robert Douglas Kirkland, communica- 
tions engineer of Mackay Radio and 
Telegraph Company, died recently. 

* * * 

SPRAGUE WINS "E" STAR 
The Sprague Specialties Company, Northl 
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dams, Mass., has won its second white 
tr for the "E" pennant. 

* * * 
RC WINS SECOND WHITE STAR 

ly;or the second time International Re- 
istance Company has been awarded a 
bite star for their "E" flag. 

* * * 

PRAY JEFFERSON ISSUES 
MARINE RADIO BULLETIN 

four -page leaflet describing model 425 
marine radio telephone has been issued by 
ay Jefferson, Inc., 40 East Merrick 
oad, Freeport, Long Island, N. Y. 
A 25 -watt crystal controlled transmit - 

er and 6 -tube 5- channel (pretuned) re- 
eiver are contained in the 425 unit. 

* * * 

GIANT -SIZE WEEKLY CALENDAR 
15 %" x 24/" calendar with large size 

eekly dates has been issued by The 
Frederick Post Company, Box 803, Chi - 
ago, 90, III. 

A section of technical data for the engi- 
neer and draftsman is also included, con- 
taining charts on wire and sheet metal 
gauges, screw threads, etc. 

This new ccalendar with its 52 weekly 
sheets is being offered free to those who 
request it on their business letterhead. 

* * * 

"E" TO ESPEY 

The Espey Manufacturing Company, 
Inc., 305 East 63rd Street, New York 
City, has won an "E" award. Presenta- 
tion was made at the New York Times 
Hall, New York City. 

Lt. Colonel Walter B. Brown, Chief 
of Employees Relations Section, Office 
of the Chief Signal Officer, presented the 
"E" pennant to Harold Shevers, presi- 
dent of Espey. 

Harold Shevers, president of the Espey 

Manufacturing Co., receiving the "E" flag 
from Lt. Col. Walter B. Brown, Chief of 

Employees Relations Section. 
* * * 

A. G. KOBER DEAD 

Albert G. Kober, assistant advertising 
manager of the Stromberg- Carlson Com- 
pany, Rochester, N. Y., died recently. He 
had been with the company for 38 years. 

* * * 

SYLVANIA TUBE SUBSTITUTION 
CHARTS 
Charts and data on radio tube substitu- 
tions appear in a pamphlet compiled by 
Sylvania Electric Products Inc., Empo- 
rium, Pa. 

The pamphlet includes substitution 
charts for 150 milliampere a -c /d -c re- 
ceiver tubes, 300 milliampere a -c /d -c re- 
ceiver tubes, and battery tube types, 

(Continued on page 113) 

acco,o44e 
More than 15 years ago, we at "Eastern" dedicated 

ourselves to the task of designing and manufacturing 

sound amplification equipment. Today, as a result of 

American engineering skill ingeniously applying 
amplification principles to highly specialized instru- 

ments, thousands of amplifiers by "Eastern" help to 

guide our army and navy bombers with unerring ac- 

curacy in successfully completing their vital missions. 

"Eastern" is proud to have the opportunity of con- 

tributing our years of specialized training to the war 

effort. Of course war work gets first call at our plant 
and our facilities are at your service for that purpose. 

But busy as we are, we also have time to plan with 
you now for better amplifier products after victory. 

Our engineering staff invites your inquiry -large and 
small production runs, even single units, receive our 
usual prompt attention. Write for Bulletin 94C. 

AMPLIFIER CORP. 
794 E. 140th St., New York, 54, N.Y. 

BACK THE ATTACK BUY WAR BONDS 
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Throat Microphones 
For Aircraft Liter- Communi- 
cation systems and radio 
telephone applications. 
These microphones open an 
entirely new field for indus- 
trial communications, al- 
lowing the wearer to make 
use of both hands without 
hampering his other move- 
ments. Ideal for use in noisy 
surroundings where com- 
munications must be made 
by use of headphones. 
Model T -30 with CD -318 extension 
cord and switch, for U. S. Army Radio 
circuits, now available to priority 
users through local radio jobbers. 

Write for Catalogue No. 961 

UNIVERSAL MICROPHONE et, LTD, 
INGLEWOOD, CALIFORNIA 

CANADIAN DIV: 560 KING ST. WEST, TORONTO 2 

FOREIGN DIV: 301 CLAY, SAN FRANCISCO 11, CAI. 

THE INDUSTRY OFFERS ... - 
(Continued from page 84) 

It is also said to have a low coefficient of friction. 
* * * 

AUTOMATIC FREQUENCY 
RESPONSE RECORDER 
Application of the latest G. R. audio beat 
frequency oscillator with Sound Appa- ratus' automatic frequency response re- corder has been announced by Sound Ap- paratus Company, 150 West 46th Street, New York City. This measuring setup is said to be labor- saving. 

The setup is said to provide a complete 
automatic frequency run from 20 to 20,000 
cycles covering a range of either 20, 40, or 60 db ; recording forward and back - 
ward. It stops automatically at any pre - determined point of the frequency scale. The record (ink) is written on standard 
semi -log paper. Recorder and oscillator 
can be used at any time as separate units. 

EISLER SEAM -SPOT WELDER 
A universal resistance welder for heavy duty has been produced by the Eisler Engineering Co., Newark 3, New Jersey. It incorporates an air operated, water 
cooled, automatic press -type welding ma- chine of high capacity, and is adaptable 
for circular and longitudinal seam weld- ing and spot welding. The adjustment 
from one to the other seam welding posi- 
tion is manually performed by loosening 
four nuts on the upper as well as lower turret holder, and rotating and fixing 
both turrets again in the desired position, 
according to a matching notch which marks the correct alignment. Conversion 
from seam welding to spot welding is accomplished by removing the caps from 
the upper and lower turret and replacing 

the seam wheel shafts with proper spot 
welding horns. Since seam welding is 
principally a spot welding process, all 
factors governing spot welding are equally 
applicable to seam welding. 

The welding transformer is available 
in 100, 150 and 200 kva and larger sizes, 
200 or 440 volts, 60 cycles. Other ranges 
of voltage and frequencies are available. 

The overall dimensions of the 100 kva 
machine are . . . height 88 ", length 93" 
and width 47" weight is 6200 lbs. Fig. 
1 and Fig. 2 illustrate circular and longi- 
tudinal seam welding respectively ; Fig. 3 
spot welding application. 

* * * 

R -F CAPACITOMETER 
A radio frequency capacitometer for pre- 
cision measurements of small capacitance 
and inductance has been announced by 
the specialty division of G. E. 

The instrument measures directly at 
radio instead of audio frequency, with 
measurements being performed with the 
aid of an oscilloscope instead of ear 
phones. The scale on the unit can be 
read from 0 to 1000 micromicrofarads 
when measuring capacitance, with in- 
ductance measured in the range of 0 to 
1000 microhenries. 

The instrument weighs 55 pounds. The 
front panel and base can be withdrawn 
from the cabinet as a unit for standard 
rack mounting. 

* * * 
SHALLCROSS LOW -RESISTANCE 
TEST SETS 
Two new low- resistance test sets, type 
645 and type 653 have been produced by 
Shallcross Mfg. Company, Collingdale, 
Pa. 

The test unit containing the meter, 
batteries, switches, control, etc., is sup- 

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- 
tently accessible for inspection. Sizes: 2, 4, 6. 

.. 10, and 12 contacts. Send for a copy of Bul- 
letin 500 for complete information. Write today. 

HOWARD B. JONES 
2460 W. GEORGE STREET 

CHICAGO 18, ILL. 
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ported, in front of the operator, by means 
f adjustable shoulder straps. Bond or 
ontact resistance measurements as low 
s .0001 ohm can he made by attaching 
e fixed clamp to one side of the bonded 

urface, and touching the hardened 
oints of a pistol grip exploring probe to 
e other side. 
Both hands are free at all times to 

djust and operate the instrument. 
Type 645 is 0.005 and 0.5 ohms, full 

cale ; type 653 is 0.003 and 0.3 ohms toll 
cale. 

THE LATEST, UP-TO-THE- MINUTE RADIO AND 

ELECTRONIC CATALOG IN THE COUNTRY TODAY! 

* * + 

B & W VARIABLE CONDENSERS 
FOR ELECTRONIC HEATING 

line of heavy duty variable air con - 
ensers for electronic heating applications 
as been developed by Barker & William - 
on, 235 Fairfield Ave., Upper Darby, Pa. 

Known as B & W type CX, these 
nits feature built -in neutralization. They 
re available in almost any required 
apacity for electronic heating use up to 

kw, 12,500 volts. 

LOW TORQUE 
ROTATABLE TRANSFORMER 

The application of the Kollsman Telagon 
unit as a rotatable transformer for in- 

stallations in which very little torque is 

available has been announced by Kolls- 
man Instrument Division, Square D 

Company, ß0 -08 45th Avenue, Elmhurst, 
New York. 
' The rotor weighs .06 ounce. The corn - 

plete weight of the unit is five ounces. 
Most commonly used is the Telagon, 

type 315S-971, operating at 110 volt, 400 

cycles, requiring an input current of .018 

amp and input power of 1.3 watts. It 
& has six external solder terminals. Other 
n units are available operating from 85 

volt, 400 cycle or 26 volt, 400 cycle 
4 sources. 

Applications of this nature ordinarily 
call for feeding a high frequency alter- 
nating current into the rotor excitation 

The Lafayette Radio Catalog No. 

94 will be rushed to you upon 
request. Fill out this coupon 
NOW! 

1 

Ell 

LAFAYETTE RADIO CORP. 

901 W. Jackson Blvd., Chicago 7, III. 

Dept. R -I I 

Please rush my FREE copy of the 
Lafayette Radio Catalog No. 94. 

NAME 

ADDRESS 

CITY vs 
SIR IN 

STATE 

UN NM MI 

1 

1 

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. 

vaa ritaa --- Say None Van Varcdd 

LAFAYETTE RADIO CORP. 
901 W. Jackson Blvd. 265 Peachtree Street 
CHICAGO 7, ILLINOIS ATLANTA 3, GEORGIA 
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WREN 
THERE IS AN 

EMERGENCY.. 

The more than twenty years of 

by 
intensive research 

ineers has been 
Meissner engineers 
a vital factor in o objects 
almost insurmountable 

in the production of precision - 

engineered parts for our armed 

forces . . an electronic unit 

order recently rejected by over 

half a hundred manufacturers 

was accepted and put into 

production by Meissner engi- 

neers ... their vast experience 

combined with Meissn methods 

ern manufacturing war- 

time 

this emergency 

time unit for a special elec- 

tronic application. 

All Meissner products are 

precision -built 
.. a goo 

reason why engineers spec- 

ify Meissner. 

MT. CARMEL, ILLINOIS 

,.pRECISION -ßU ILT 

ELECTR ONIC PRODUCTS" 

A STEADY SOURCE OF ALL 
ELECTRONIC 
EQUIPMENT 

FOR ACTION 

PHONE! WIRE! WRITE 

BULLETINS AND CATALOGS ON REQUEST 

THE INDUSTRY OFFERS .. . 
(Continued from page 105) 

winding, and taking an induced voltage 
from the 2 -phase winding, which varies 
roughly proportional to angular move- 
ment. This voltage is amplified and fed 
to a variety of devices. An ideal appli- 
cation for the Telegon would be field 
control in an Amplidyne type unit. 

* * * 

STRUTHERS -DUNN 
SHOCKPROOF RELAY 
A relay, type 17AXX, for rough airplane 
applications is now available from Struth- 
ers -Dunn, Inc., 1321 Arch St., Philadel- 
phia, Pa. 

According to the manufacturer, actual 
tests show that it will withstand accelera- 
tion tests of better than 90 gravitational 
units. Units of this type are regularly 
supplied with series coils for any direct 
current, or with shunt coils for use on 
12 or 24 volts d -c. 

included in the equipment. 
Plugs in on 110 or 220 volts a-c or cl 

for instant heating. 

* * * 
GATES COMMUNICATIONS 
TRANSMITTER 
A 200 -watt c -w or standard phone, 150 - 
watt heavy -duty phone transmitter for 
from 2 to 20 megacycles has been de- 
veloped by Gates Radio and Supply Com- 
pany, Quincy, Ill. 

It is known as Type MO -2535. 
Keying speed is 60 wpm (higher on 

special order) ; modulation capability is 
100 percent with a safety factor allom - 
ance for normal overload. Dimensions are 
36" x 21" x 19" ; weight is 350 pounds. 

* * 

MULTIPLE DIAL LIGHT 
A pilot light assembly, Trio- Light, for 
multiple circuits is now available from 
the Dial Light Company of America, Inc., 
90 West Street, New York 6, N. Y. 

Obtainable in any size bank, in mul- 

TOOLS DIES 
STAMPINGS 
HEAT 
TREATING 

PORTABLE METAL CLEANING 
RINSING TANK 
A portable, electrically heated, insulated 
dipping tank, affording both cleaning 
and rinsing, has been produced by Aeroil 
Burner Company, West New York, N. J. 
The unit, known as the Twin Dipmaster, 
is equipped with two insulated compart- 
ments separated by a partition that is 
also insulated. It has two removable 
immersion tube heating units (one for 
each tank) that deliver all the heat in 
the cleaning solution and rinse water. 
Separate, automatic heat control for each 
compartment is supplied by two thermo- 
stats regulating any required temperature 
from 110 -550° F., operating independent- 
ly of one another. In addition there are 
two built -in thermometers registering 
temperatures from 100 -600° F. and four 
dipping baskets. 

Scum gutters, draw -off cocks, an in- 
sulated cover, pipe connections for the 
addition of fresh water to the rinse com- 
partment as well as to drain off contami- 
nated liquids, and two work grilles on 
which bulky parts can be rested during 
the cleaning. and rinsing processes, are 
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For 
Output 

Transformers 
of highest 

permeability 
Standard 

Sizes for 
Audio, Choke, 

Output and Power 
Transformers in 

Stock. 
Write for 
dimension 
sheets. 

I 

(cast or slntered) 

Cobalt, Chrome or. 
Tungsten, cast, formed 

or stamped. Engineering co- 
operation backed 4,40 years ex- 

perience insures quality, dependability 
and service. 

Thomas & Skinner 

C 

I 
h. 

IT 
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:íples of ,i pilot lights to each Trio- Light. 
Thus, if an installation has 12 circuits, a 
yank of 4 Trio Lights will be required. 

Features include color -coded flat lenses 
with etched numbers, letters, or words ; 

half -round lenses may also be used. 
Choice of lens colors are red, green, 
amber, blue, yellow, opal, white, and clear. 
Lamp sockets of pilot lights accommodate 
bayonet base lamps which are removable 
from front of panel. The unit may be 
obtained grounded or ungrounded. Ter - 
ninals are silver -plated. 

.r * * 

INSULATION -RESISTANCE METER 
An insulation -resistance meter for meas- 

n wring the resistance of insulation in ap- 
paratus during the manufacturing process 
has been announced by the Special Prod- 
ucts Division of General Electric. 

The instrument consists of a conven- 
tional electronic rectifier, a Thyrite bridge 
circuit, and an electronic -tube voltmeter. 
It is available in two types. One type 
has a scale calibrated from 1 to 50 
megohms and measures resistance at 500 
volts d -c. The other type has a 0 to 
20,000- megohm total range and measures 
resistance over four different resistance 
intervals -from 0 -5 megohms at 0 -250 
volts d -c and 5 -200, 50 -2000 and 500- 
20,000 megohms at 500 volts d -c. Any 
range may be quickly selected by a panel - 
mounted rotary switch. 

* .i. * 

SIGNALLING TIMER 
A signalling timer providing visual and 
audible notice when a time interval has 
been completed is available from Indus- 
trial Timer Corporation, 117 Edison Place, 
Newark, New Jersey. 

Operates on alternating current, 115 to 
230 volts, 25, 50 and 60 cycles ; 1000 w, 
voltage and frequency to be specified. 

Murdock Radio Phones 
MURDOCK Radio Phones have stood the most gruelling 

tests precision instruments can undergo -the battle tests 

of two World Wars ! They have given our armed forces the 

same top- notch, never -failing performance that has distinguished 

Murdock's service to Industry for 39 years. 

SUB- CONTRACTS 
INVITED 

We're busy with or- 

ders, but we still have 

plant facilities for 

manufacturing more 

Radio Phones and re- 

lated parts on a sub- 

contract basis. If you 

need outside manufac- 

turing aid in this field. 

we invite your cor- 

respondence. 

Now -perfected to the Nth degree of scien- 

tific engineering - Murdock Radie Phones 

stand ready to serve American Business 

better than ever before - when the war 

is over. 

To win the post -war battles of industrial 
competition you'll need the most perfect 
communication instruments science can de- 

vise. You'll need the "clear -as -a- bell" re- 

ception of Murdock Radio Phones - their 
super -sensitivity rugged construction -long- 
lived, trouble -free dependability! 

Get the Full Story of What These 
Famous Radio Phones Can Do For YOU! 

Write to Dept. 55 

for Catalogue 

W!!!: J. Murdock Co. 

Chelsea Mass. 
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i 

BRIDGING NETWORKS 
IN the September issue of COM- 

MUNICATIONS, Paul B. Wright pre- 
sented a paper on Multiple Bridg- 

ing Networks. He provided several ex- 
amples to illustrate the methods em- 
ployed in the actual design of bridging 
networks. Many inquiries have been 
received requesting the publication of 
diagrams that would graphically ex- 
plain these examples. These diagrams 
are shown herewith. 

The illustration at the right shows 
the results obtained in solving the fol- 
lowing example : Given a source im- 
pedance of 2000 ohms from which it 
is necessary to supply 8 outlets or 
branches, each having a nominal im- 
pedance of 5000 ohms, what values of 
R to r should be used and what loss 
will be obtained from the source to 
each load ? 

In the diagram below appears a 
graphical solution to the following ex- 
ample : Assume that it is necessary to 
distribute program material from a 600- 
ohm source to 5 branches. Three of the 
branches have impedances of 500 ohms ; 

one an impedance of 600 ohms and the 
remaining one has an impedance of 
700 ohms. The problem is how can 
all of these be properly matched and 
what loss will be obtained to each of 
the branches. 
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The ArmY- 
Navy "E" 
has been 
awarded to 
each of On- 
an's four 
manufactur- 
ing plants. 

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 
1262 ROYALSTON AVE. MINNEAPOLIS, MINN. 

R"Quartz 9 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. 

NERVE 
CENTER 

OF EVERY BATTLE FRONT 

TO WIN battles today, there has got to be con- 

stant clear radio communication between the 

Command and all fighting units. Every Head- 

quarters has one or more big mobile Signal Corps 

Communication Sets, marvels of unfailing effi- 

ciency, to receive radioed field reports and beam 

out orders and so insure correlation of effort. 

Vital components of these "nerve centers" are 

Advance Type 400 Relays ... thousands of them 

in active action on all Allied fronts. 

ADVANCE TRANSMITTER RELAY TYPE 400 

THIS new relay, incorporating many improvements, is 

ideal for transmitting purposes where high radio fre- 

quency is being used, It is constructed to provide the 

same quiet, dependable operation on alternating cur- 

rent, free from all "hum" and "chattering " that is 

normally expected only on direct current. Assembly 

methods and skillful adjustments eliminate any neces- 

sity for changing the tension on either the armature 

spring or moving contact leaves, both of which are set 

to provide perfect "balance" and complete wiping of 

the stationary contacts. For further data, write for 

Bulletin: Advance Trannuitter Relay Type 400. 

Other Advance Relays are made for general circuit 

control applications. Orders, on proper priority, are 

given prompt attention, and deliveries are on schedule. 

Having what it takes for War, Advance Relays may 

well be what you will want in Peace! 

`' 

4rffnf, ,,J*v, 
ADVANCE ELECTRIC COMPANY 

1260 -1262 West Second Street Los Angeles 26, California 
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Grey matter -as measured in terms of 
Victory in war, or progress in peacetime 

-is a decisive, tangible factor. Strate- 

gies, techniques and analyses -whether 
for military or commerce -are its by- 
products. Success is directly proportion- 

ate to the quality involved. 

The calibre of N -Y -T engineering is 

proved by the thousands of new trans- 

former designs evolved to individual re- 

quirements over the past few years. 
These audio and power components are 

now assuming a vitally important role 

in World War II, in Army, Navy and Air 
Corps applications. 

When the world crisis is over, and our 

present 100% Victory effort terminates, 

N -Y -T engineers and technicians will be 

available for collaboration in the solu- 

tion of your transformer problems. The 

vast experience gained now, should be 

of tremendous value then. 

NEW YORK 
TRANSFORMER 

COMPANY 

28 WAVERLY PLACE NEW YORK, N. Y. 

PUSH-PULL 
(Continued from page 19) 

than : "... corresponding to the differ- 
ential of the current." 

Effort Diversity and Result Duplication 

Tupper's philosophic observation 
imposed upon someone from age to 
age the responsibility of determining 
whether or not a proposed improve- 
ment contained novelty, and as the 
arbitrament we fall back upon for 
finality are the non -technical courts, 
there is always grist for the mills of 
the law in awarding or denying the 
palm of novelty, of invention. Engi- 
neers themselves may and do differ in 
their expressed opinions bearing upon 
novelty, and /or priority. Particularly 
do they differ when individually they 
represent rival claimants. 

The links in the chain of develop- 
ment of push -pull were not in a single 
straight series. Upon occasion there 
were a few parallel links, and again 
there were a few links which con- 
verged upon the principal chain. In 
the development of, in the growth of 
the idea of push -pull, there was much 
duplication of effort. But it is a free 
world, and anyone who has the am- 
bition, the facilities, the patience, and 
the time is at liberty to dissect other 
men's inventions with the thought of 
making improvements. This, even 
though it is the genuineness, the valid- 
ity, of improvements upon other men's 
inventions which afford much profit- 
able employment for lawyers and 
judges, to say nothing of pensive 
juries. 

Labored Contributions 

Moses G. Farmer, in April, 1885, 
was granted U. S. patent 316,133 for 
a telephone transmitter employing con- 
tact pressure between the electrodes, 
Figure 4. In this patent the lever ap- 
pears again in the form of a pivoted 
arm connected to the diaphragm. It 
was a multiple- contact microphone act- 
ing through a split- primary. That 
was all. 

There was a variation in construc- 
tion details in a patent issued in Feb- 
ruary, 1888, to Hammond V. Hayes ; 

U. S. patent 377,612. But the unstable 
Blake transmitter was still the favor- 
ite on the laboratory dissecting table. 
An innovation was the introduction of 
a double- primary winding. Push -pull 
was on the march. 

And then along came Charles Den- 
ton Hall, who procured British patent 
7,331, in 1891, the application for 
which was communicated from Paris, 
France. Contemporary thought abroad 
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Ogpswed 
SERIES 800 
PILOT 
LIGHT 

Features 
Removable 
Snap -socket 
Rigid 
Non -short 
Terminals 

Gothard Series 800 Pilot Lights 
are particularly adapted to air- 
craft, radio, switchboards and a 
wide range of electrical devices. 
Socket and new style rigid ter- 
minals that cannot work loose or 
twist are integral parts of the 
spring member, which locks 
firmly into Jewel housing. Socket 
is easily removed with spring 
member for replacement of lamp 
bulb. Bulb may also be inserted 
from front of panel by removing 
slip -ring mounted jewel Range 
of Jewel colors -plain or faceted 
-miniature or candelabria screw 
sockets, gr miniature bayonet 
sockets. 

Ask for Gothard Pilot 
Light Assemblies Cat- 
alog for complete in- 
formation. 

MANUFACTURING CO. 
1335 North Ninth St. Springfield, Illinois 

WANTED 
OUTSIDE PLANT ENGINEER 

Having a background of ex- 
perience in the engineering, 
construction and maintenance of 
outside telephone or telegraph 
plant. Some traveling. Write 
Box No. 1 143, c/o COMMUNI- 
CATIONS, 19 E. Forty -seventh 
St., New York 17, N. Y. 
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HAYDU BROS 

PERFECT FORM-both in manufacture and performance, is more essential 
now than met-, if Inn are driven by war link spet,l, and the constantly growing 
need for greater production. 

The traditionally deJwvulahlc performance of Ilaydu Bros.Burner equipment, 
has been an assurance of rrupted economical production. 

Today, thousands of Haydn Bros. Burners, in many sty Ice and sizes, for Gas. 

Air and Onygmi. are used in plants of the general glass working industry from 
coast to coast. helping to speed those essential orders. 

Specially designed Burners, Torches, Cross- 
fires and Mixers to meet your requirements. 

II.-1)11I' IIftIITIIEIIS 

WRITE FOR 

LATEST 

BULLETIN 

PLAINFIELD NEW JERSEY 

SENIOR ENGINEER 
with at least seven years' industrial experience in 
important electronic research and development 
work. Capable of executing important assign- 
ments from development to finished product. 

JUNIOR ENGINEERS 
with sound educational background and at least 
one year's experience in factory or engineering 
department. 

These positions offer unusually good permanent opportunities -top 
compensation commensurate with qualifications -congenial, progres- 
sive organization with new and one of best equipped laboratory and 
factory facilities in the industry. Interesting work on most advanced 
type of military communication equipment now and broad field of 
quality radio -phonograph and industrial electronics after V -Day. 
Please write detailed qualifications, including availability, if not 
occupied to full extent of ability in war work, to- 

THE MAGNAVOX COMPANY 
Fort Wayne, Indiana 
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of its swaddling habiliments with the 
determination to set up service beyond 
the range of what was, to say the 
least, limited service. A quickened 
quest was afoot in the search for a 
telephone repeater. A rich reward 
was set up as the succulent plum for 
whoever should first come forth with 
a promising relay or repeater. We 
shall not here, however, digress far 
into that field. Rather we shall note 
only a step or two taken along this 
line which connect what has been re- 
corded herein with what was to even- 
tuate in the domain of push -pull. 

Isidor Kitsee, versatile, industriou 
and prolific inventor of communica- 
tion gadgets, filed a patent application 
in January, 1903, in which there is 
evidence of the gathering up of prior 
thought for the purpose of making a 
new use of the elements of old devices, 
such as some of those touched upon 
herein. Figure 6 tells the story. 

Here, an incoming single line act- 
ing upon the receiver magnet attracts 
an armature which compresses the tra- 
ditional pocket of carbon (or other 
medium) granules. In response to the 
incoming voice currents there will be 
therefore compression on one side of 
the armature and de- compression on 
the other side. This action alternates 
in correspondence with the arriving 
alternations. The armature, the vari- 
able- resistance elements and the cores 
of the receiver magnets are in circuit 
with batteries connected respectively 
to the primary windings of the output 
induction coil, and so to outgoing line. 
There you have it. The double-ele- 
ment, double -primary transmitter has 
worked its way to the other end of the 
line, and has become a receiver, with 
hope of being a repeater. 

[To Be Continued] 
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NEWS BRIEFS 
(Continued from page 103) 

edited to conform with the WPB civilian 
radio tube program. 

* * * 

i GALVIN WINS SECOND WHITE STAR 

The second white star has been added to 
the Army -Navy "E" flag of the Galvin 
Alanufacturing Corporation, 4545 West 
Augusta Boulevard, Chicago, Illinois. 

* * * 

RADIO INCLUDED IN 
WPB CONSUMER SURVEY 

Data on radio shortages among consum- 
ers is being secured in the present WPB 
consumer survey by the Bureau of the 
Census. In a nation -wide survey of 7,000 
households the public is being asked to 
detail their shortages of radio sets, ex- 
cluding automotive sets ; radio tubes, 
farm radio batteries, and also radio re- 
pair service. The extent of shortages will 
serve as a basis for future civilian pro- 
duction to be authorized by the WPB 
Office of Civilian Requirements, headed 
by vice chairman Arthur D. Whiteside. 
The questionnaires inquire whether there 
has been real hardship, inconvenience, or 
no difficulty in the supply of 115 items. 

* . * 

RCA HARRISON PLANT 
WINS SECOND STAR 

A second white star has been placed on 
the Army -Navy "E" flag at the RCA 
Harrison plant. 

* * * 
MC MURDO SILVER WITH 
GRENBY MFG. CO. 
A radionics division has been formed at 
Grenby Manufacturing Company, Plain- 
ville, Conn., with McMurdo Silver as 
vice- president and chief engineer. Mr. 
Silver will work in close collaboration 
with Carl A. Gray, president, and Ralph 
\V. Sohv, vice president. 

* * * 

AMPEREX HOLDS "E" CEREMONIES 

The "h:" award ceremonies of Ampere 
Electronic Products, Inc., were held re- 
cently at the St. George Hotel in Brook- 
lyn, N. Y. Lt. Col. C. J. McIntyre, Chief 
of Special Activities Branch, office of the 
Chief Signal Officer, presented the "E" 
flag to Nathan Goldman, partner. 

* * 

DRY ICE TEST FOR CRYSTALS 

A dry ice test unit used to test crystal 

wafers under temperatures as low as minus 

10 °C in the John Meck Industries plant, 
Plymouth, Ind. 

* * * 

TECH LAB BULLETIN 

A four -page bulletin, No. 431, describing 
attenuators, potentiometers, and a mi- 

We'll help you 

MAKE 'EM LAST" 

DYNAMOTORS 

CONVERTERS 

GENERATORS 

DC MOTORS 

POWER PLANTS 

GEN -E- MOTORS 

Jim and His Fellow Workers are 
ON THE JOB! They've pledged themselves to make 

your present Pincor equipment last for the duration. That's a big 

job but these men can do it. They must do it to insure that all 

new Pincor Products find their way to the fighting front. Pincor's 

number one job right now is to supply fighting men with tools 

of battle. Jim and men like him make it possible for us to do this 

on an all -out war production basis. He'll take care of the home 

front while our plants supply the fighting front. Bring your prob- 

lems to him - but please bring only PINCOR problems: there 

just aren't enough hours in the day to take care of any others. 

PIONEER GEN -E -MOTOR 
CHICAGO, ILLINOIS EXPORT ADDRESS: 

25 WARREN STREET, NEW YORK CITY 

BUY WAR BONDS 

crohnuneter, has been released by Tech 
Laboratories, 7 Lincoln Street, Jersey 
City 7, N. J. 

* * * 
LAND PURCHASED FOR 
SYLVANIA RESEARCH CENTER 
A tract of land on Long Island has been 
purchased by Sylvania Electric Products, 
Inc., for the building of a research cen- 
ter. Because of wartime restrictions there 
will be no immediate building program, 
although two structures now on the prop- 
erty will be renovated for use by a small 
research group. 

* * * 

DR. W. A. LEWIS LEAVES CORNELL 
Dr. William A. Lewis, Jr., director for 
the past five years of the School of Elec- 
trical Engineering in the College of En- 
gineering at Cornell University, is leaving 

this post to return to the field of engineer- 
ing research. 

Dr. Lewis was formerly with Westing- 
house. 

* * * 
SECOND WHITE STAR TO G. E. 

The appliance and merchandise division 
of the General Electric Bridgeport plant, 
has won for the second time the Army - 
Navy white star award. 

* * * 

C. G. STOLL ON NEMA 
BOARD OF GOVERNORS 
Clarence G. Stoll, president and director 
of the Western Electric Company, has 
been elected to the board of governors of 
the National Electrical Manufacturers 
Association. 

Mr. Stoll has been president of NEMA 
since January, 1940. 
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.. help to maintain communications 

for the Army, Navy and Air Corps 
Vital, integral parts of one of the most important functions of the Armed 
Forces -these electronic components are engineered to meet every 
requirement for accuracy and performance. Upon these leads, bases 

and caps, depend the efficiency of entire communications systems, 

Rodar, control mechanisms, navigation instruments and devices, etc. 

The wealth of experience previously gained over the years is standing 
the DANIR KONDAKJIAN organization in good stead now when it is 

needed most. Tomorrow, the crafts learned today will be of equal 
importance in the adjustment and reconstruction of peacetime practices. 

THE ENGINEERING CO. 
27 WRIGHT STREET, NEWARK, NEW JERSEY 

THREE COMPLETELY-EOUIPPEDPLANTS 

AVAILABLE FOR Post -War PRODUCTION 

The emplele ngneetng end eteatth 
. , & O , . e I e DAN1El IOND.l1IhN 

ogon hon .dl be o.eaalle lee Iome. 

... bos.neo Orate," end plonn.ng- 
e m o.. tun.en.e ,e, benefit. end .el 

Ineemet peae.n.ng y poY+eo m n- 
and o ,Dele to out Wont ? pebelily. 
Ittr .epe Onset. I ..lt n lobe. end 

ol eed.-ete .n..led 
Uorp,tnle sloth. ot <Into tent to m 

I 

er 

n.,dearon ot ? Ilobemt:n .,u be 
ttepted m ono., ...fence. no obLg 
I,on .,u Oe .nc.,eed.. ,o,,e 

TUNGSTEN LEADS [I DANIEL KONDAKJIAN RASES AND CAPS 

Precision made, utilizing automatic, 
electronic testing and control, these 
tough little DX Xtals can take the hard 
knocks at -30° or 130° F. Ample pro- 
duction facilities now available for 
large lots or individual crystal orders. 

BUY AN EXTRA BOND, TODAY! 

GENERAL OFFICES: 1841 W. CARROLL AVE , CHICAGO, ILL. U.S.A. 
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XTALS 
'the heart of a good transmitter' 

TRADE NV Y>Ol 

IRE REPORT 
(Continued from page 27) 

MUNICATIONS, pp. 26 and 84, ap- 
peared a digest of this paper. 

[Note: In the Universal Selectivity 
Curves on p. 84, October, COMMUNICA- 
TIONS, attenuation Mote 1 should be .7, 
not 7.] 

Motion Picture on Crystals 
A technicolor motion picture de- 

picting a step -by -step study of crystal 
manufacture, was presented through 
the courtesy of the Reeves Sound 
Laboratories. The film, prepared in 
cooperation with the U. S. Signal 
Corps, presented an analysis of types 
of crystals and the modern methods of 
production today. Fred Pinkerton, of 
Reeves, who presented the film, an- 
nounced that accredited persons or 
companies could have use of the film 
by writing to him at 62 West 47th 
Street, New York City. 

Views from the Reeves technicolor motion 
picture on crystals shown at the Rochester 
Fall Meeting. At top, blanks being placed 
in the holder of an Atlas lap. Below, put- 
ting crystals through a temperature run test. 

JOIN THE MARCH OF DIMES 

FIGHTINFANTILE PARALYSIS 
JANUARY 14 -31 
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V 

CRYSTAL ORIENTATION 
i Continued from page 37) 

the X -axis directions of the mother 
crystal. If the etch k carefully con- 
trolled and a precision locating system 
is used, the X -axis may be located and 
marked with a fair degree of accuracy. 

/itch patterns are useful mainly in 
locating general directions of the axes 
or rhoml, faces. For example, a quartz 
Mother may be cut twice along the YZ- 
direction to form a slab from ' /a" to 2" 
thick. The slab should be etched for 
several hours in hydrofluoric acid, or, 
preferably hot ammonium bifluoride. 
The two cut surfaces ore YZ- planes 
and are perpendicular to the X -axis. 
I f the slab were compressed in the lever 
vise of the polarity checking elec- 
trometer, the polarity of the X -axis 
would he determined. By placing the 
YZ -pane of the quartz slab on an 
opaque plate with a pin hole in it and 
a lamp behind it, a light pattern would 
be visible looking at the top etched 
surface of the slab. A variety of pat- 
terns may be seen, depending upon 
factors such as etch time, etch speed, 
etch solution concentration, etch solu- 
tion composition, etc. But the gen- 
eral nature of the patterns, as illus- 
trated in Figure 11 is such that a 
simple and rapid determination of the 
major rhomb and Z -axis directions is 
possible. If electrical twinning exists 
so that the twin boundary traverses 
the upper etched YZ- plane, the etch 
patterns will he different in each por- 
tion of the twinned surface. Since the 
polarity of the X -axis is reversed for 
the electrically twinned sections, there 
exists in effect an inversion of the 
N -axis polarity towards the light 
source. Therefore, the etch pattern` 
will be a parallelogram for one section 
and a Z pattern for the other, indicat- 
ing different major rhomb directions. 
For optical twinning both the X -axis 
polarity is changed and the handed- 
ness is changed, and although a twin 

(Continued on page 117) 

with 
that extra note of perfection, 
for radio and electronics work 
Now, in war -ti me, Monarch's special calibrating equip- 
ment, testing and measuring instruments are perform- 
ing services even more vital than in peacetime, for 
manufacturers of radio and electronic devices. 

Monarch has solved more than one manufacturer's 
problem of securing adequate testing instruments to 
be shipped with other equipment, as required by gov- 
ernment contracts. Perhaps we can solve YOUR prob- 
lem, whether it is concerned with testing equipment, 
special coils, or almost any type of small machine 
part. We will welcome your inquiry, without any 
obligation from you. 

MONARCH MFG. CO. 
2014 N. Major Ave. Chicago, Ill. 

R.H. QUARTZ 

-X axis down(on compression) 

L axi4 

approximate 
major rhomb 
direction . 

0 

L H.QUARTZ 

-X axis down(on compression) 

Z axis 

approximate 
major rhomb 

direction. 
4 

Figure I I 

These drawings represent, schematically, typical etched pat- 
terns on an etched YZ- plane, viewed over a pin -point source 
of light. 

R. H. QUARTZ L. H. QUARTZ 

+X axis down (on compression) 

¡/ Y axis 

approx. 
minor ' -"// 
rhomb \, , 
direction 

i 

+X axis down (on compression) 

Y axis 

, (approx. 
minor 
rhomb 

`direction 
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RADIO AND 
ELECTRONIC 
COMP i ENTS ; lS4 V'rect 

erect Fast 
po114 

u 
psF 

1. Wartime Con' 

ditions Permit! 

TUBES! RHEOSTATS! 

CAPACITORS! RESISTORS! 

RELAYS! TRANSFORMERS! 

TEST EQUIPMENT! 
tactically G 

Our 17 years of buying and selling ex- 

perience in the electronic field enable 

us to cut through the "fog" of shortages 

and restrictions. If you are engaged in 

war production ... 
Write, Wire or Phone HARVEY 

We'll help you with merchandise ... tech- 

nical advice ... recommendations. If we 

haven't what you want in stock, we'll find 

it for you. Communicate immediately! 

Telephone BRYANT 9 -1946 

THE CIRCLE DIAGRAM 
(Continued from page 4t) 

point for convenience), and the values 
of U and V result. These are carried 
over to the graph of Figure 4, which is 
universally valid for all ladder net- 
works. This is a transformation of the 
graph used in the preceding install- 
ment and current in the literature. 
This graph gives immediately the 
values of a and ß corresponding to each 
value of U and V. Attenuation and 
phase shift are then entered in the 
work sheet, for each section and fre- 
quency. Finally, these values are 
added together and the overall values 
are obtained. Plots of overall attenua- 
tion and phase shift for the filter in 
question are shown in Figure 5. 

Thus far, the actual values of the 
filter elements have not entered in the 
computation. They are, however, very 
easily obtained from the values of W 
and S, and from the matching im- 
pedance (Figure 3) . In our example, 
it has been supposed that the filter 
works, between terminations, of only 
7 ohms ; had this value been higher 
the required inductance for some of the 
coils would have been too high. It 
should be remembered that at radio 
frequency the effective inductance can- 
not be made high unless large dimen- 
sions are used. 

The characteristics of Figure 5 show 
how the actual behavior of a filter of 
this type differs from that of an ideal 
filter free of resistance. In commonly 
used filters, operating at lower fre- 
quencies, the departure is less marked, 
but still considerable. 

The filter performance could prob- 
ably be improved by altering the de- 

Figure 5 

The attentuation and 
phase characteristics of 
the four -section sym- 

metrical band -pass filter. 
In this graph we see 

how the actual behavior 
of a filter of this type 
differs from that of an 

ideal filter free of re- 

sistance. 
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UNIVERSITY 
REFLEX 

SPEAKERS 
are now the 

ACCEPTED 
STANDARD 

for all 
WAR USE 

EVERY REFLEX 
in the 

UNIVERSITY LINE 
is the result of 

YEARS of 
RESEARCH 

EVERY REFLEX 
in the 

UNIVERSITY LINE 
has a vital part 
to play in the 

WAR PROGRAM 

There are 
OVER 50 SPEAKERS 

in the 
UNIVERSITY LINE 

Submit your 
special prob- 

lems direct to 
our engineering 

department. 

I V E R S I T Y 

VARICK STREET 

sign. Such alterations may be carried 
out on the circle diagram, by drawing 
the four filter circles in different posi- 
tions (always so as to be tangent to A, 
the envelope circle). After practicing 
the method, it becomes possible to pre- 
dict the effect of changes almost at a 
glance. 
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mee- DYNAMOTORS 

AreOnTheJobToGetThem 

OVER THE SPOT 

IS 

Winco Dynamotors are al- 

ways ready to "dish it out 

. whether in the numbing 

cold of the stratosphere or 

in the flaming deserttnh +ant 

Right on the 
and reliable -they supply 

power that will keep your 

communications clear and 

intelligible. 
Simple or complex, what- 

ever your specifications, we 

believe Winco will meet 

them. Already our engineers 

have done marvels in light- 

ening weight, increasing 
efficiency and eliminating 
hash. They are at 

your - 

ser- 

vice for new or special de- 

signs. Simply write or wire 

us. No obligation, of course. 

ONLY 

TT 

j. GIVES YOU '- 

The Dynamotor spar 
designed to insure maximum 
efficiency at all operating 
altitudes and temperatures. 

DYNAMOTORS 
WINCHARGER CORPORATION - SIOUX CITY. IOWA 

CRYSTAL ORIENTATION 

(Continued from pave 115) 

boundary will be visible, the patterns 
on each side of the boundary will indi- 
cate the same major rhomb direction. 
These patterns are widely used in the 
industry and will be referred to later. 

The stauroscope is a polarized light 
instrument which has an interesting 
possibility for raw quartz orientation. 
Briefly, it consists of a source of plane 
polarized light, a rotating table per- 
pendicular to the direction of propaga- 
tion of the light beam to support the 
specimen under observation, and a 

polarizing medium as analyzer crossed 
with respect to the light source. If a 

piece of quartz Isere placed upon the 
rotating table with Z approximately 
parallel to the table, rotation of the 
table would show four positions of 

complete extinction of the light beam. 
These lie 90° apart and occur when 
the Z -axis lies in the plane of polariza- 
tion of the light, or when its projec- 
tion on the plane of polarization is per- 
pendicular to the direction of polariza- 
tion. The instrument utilizes the phe- 
nomenon of birefringence and polar- 
ization of the o and e rays at right 
angles to each other. 

The possibility of raw quartz orien- 
tation may be accomplished by the use 
of two stauroscopes with light beams 
perpendicular. The quartz may be 

mounted on a swivel fixture in such 
manner as to allow each beam to go 
through its volume. The Z -axis will 
be absolutely defined in space as per- 
pendicular to the plane formed by the 
directions of polarization of the light 
beams when the quartz is positioned 
for maximum extinction of each beam. 
Accuracy of measurement or orienta- 
tion of Z is mainly dependent upon. 
first, accuracy of determination of po- 
larization directions : second, nature 
of the surface of the quartz : third, ac- 
curacy of determination of the extinc- 
tion positions. Sodium light would be 
quite suitable for such an instrument. 
The stauroscope may be used for de- 
termining the direction of Z', the pro- 
jection of Z upon the wafer being 
examined. This use Nvill be described 
later. 

There are certain specifications 
which must be met by the final prod- 
uct, the BT oscillator plate. Prede- 
termined angles of cut must be held 
to close tolerances in mass production. 
The use of the various orientation de- 
vices and techniques necessary to main- 
tain orientation accuracy will he dis - 
cused next month. 

(Photos by John Derbyshire) 

' 17/ 

You can count on 
Wincharger Anten- 
na Towers. They 
combine strong effi- 
cient coverage with 
built to last quali- 
ties that insure you 
years of service. 

Add to these ad- 
vantages their strik- 
ingly attractive ap- 
pearance plus a sen- 
sationally low initial 
cost and it's easy to 
see why an ever in- 

creasing number of 
Wincharger Anten- 
na Towers are being 
used for: 
Commercial Broadcasting 

Police Work 

Signal Corps Air Lines 

Ordnance Plants 
To be sure for years ahead 
be sure to specify Win- 
charger Antenna Towers. 

DYNAMOTORS 

/NC 

VERTICAL 
RADIATORS 

WINCHARGERYERTICL RADIATOR 

WINCNARGER CORPORATION SIOUX CITY. IOWA 
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GIRL MAKES PARTS... 

BENDERS -DI -Acrd Bender bends angle .channel, rod, tubing. wire, moulding strip stock, etc., 2 sizes. Capacity up to 34 cold rolled steel bar. 

SPEEDY PRODUCTION without DIES 
"Beat The Promise" on delivery this new way: Use The DI -ACRO System of "Metal Duplicating Without Dies" - and have parts finished before dies could hardly be started. 
DI -ACRO Machines - Shears, Brakes, Benders - are precision -built STAND- ARDIZED units so designed you can readily convert them into highly SPE- CIALIZED productive machines suited to your own particular needs. You may adjust, alter or remove any of the original contact surfaces, attach operating clamps, guides and gauges, or quickly set up your own forming surfaces or con- versions. Either right or left hand operation and mounting of each unit. The re- sult is a practically unlimited adaptability for a great variety of DIE-LESS DUPLICATING. Write for catalog - "Metal Duplicating Without Dies ". 

322 EIGHTH AVENUE SOUTH, MINNEAPOLIS 15, MINNESOTA 

BRAKES- DI -ACRO' Brake forms non -stock 
angles, channels or "Veer" 

SHEARS -DI -ACRD 
Shear squares and sizes ma- terial, cuts strips, slits, 
notches. 

BURSTEIN- APPLEBEE CO. 
1012 -1014 McGee St. Kansas City, Missouri 

CRYSTALS 
EXCLUSIVELY 

SINCE 

1934 
ORDERS SUBJECT TO PRIORITY 

PETERSEN RADIO CO., Council Bluffs, Iowa 

SPECIALLY DESIGNED HIGH QUALITY 

RADIO COILS 
ONE OF THE MANY PRODUCTS DESIGNED 

AND MANUFACTURED TO MEET YOUR 
MOST EXACTING REQUIREMENTS 

R. L. DRAKE COMPANY 
ELECTRONIC ENGINEERS . MANUFACTURERS 

II LONGWORTH ST. DAYTON 2, OHIO 

MOBILE ANTENNAE DESIGN 
(Continued from page 73) 

the center- loaded coil presents mechan- 
ical problems because of the winds 
produced by car speeds in mobile in- 
stallations. 

Figures 8 and 9 present old standby 
circuits which still hold first place as 
the easiest and best method of feeding 
the short whip. These will be recog- 
nized as the Marconi type. Of dis- 
tinct advantage is the placing of the 
load coil exterior to the vehicle so that 
it can add its radiation to that of the 
whip. There may be those who will 
cavil at this small radiation addition, 
but actual tests reveal that the placing 
of the load coil outside the car or 
truck has often added 2 to 5 miles to 
the range. 

The laboratory tests may present 
difficulties, since r -f feedback is quite 

bad. But the actual installation has 
usually been found to be docile as a 
kitten. This is aided by keeping the 
leadin under 3 feet, wherever possible. 

In determining which circuit to use, 
it will be found that with the excep- 
tion of the circuit shown in Figure 3, 
almost all may be easily set up for test 
in the vehicle and just as simply 
changed by shifting only a wire or so. 
A setup with the field- strength meter 
will reveal which is the best from the 
point of radiation and which suits the 
vehicle and transmitter installation 
from the standpoint of, (a) the ter- 
minal frequency, (b) the vehicle it- 
self, and (c) the antenna. Having 
adjusted the field- strength meter to a. 

Figures 8 (left) and 9 (right) 

Here we have the familiar Marconi circuits. 
With these systems it is possible to place 
the load coil outside of the vehicle so that 
it can add its radiation to that of the whip 
antenna. In actual practice the Marconi and 
the baseload circuits have been found to be 
practically equal in efficiency. These systems 
have provided from 15% to 50% greater 
output for the same power output at the 

transmitter tank. 
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standard of, say, the Marconi type 
coupling (Figure 9), each circuit may 
be tried in rotation for determination 
of the best characteristics. 

In passing, it is well to consider the 
ease of tuning, if the installations are 
'to be multiple and inexperienced per- 
sons are to do the tuning. Another 
point to remember is that non- collapsi- 
ble antennae should be easily demount- 
able without the use of tools so as to 
permit rapid housing of the car. 

In actual practice and over a long 
period of time the Marconi and the 
base -load circuit have been found to be 
practically equal in efficiency. These 
systems provided from 15% to 50% 
greater output for the same power out- 
put at the transmitter tank. However - 
a number of trucks equipped with me- 
dium high powered sets (300 -watts 
output) have been successful with the 
Collins network and long whips. 
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. PRODUC RONT 
(Conti 

placing the tuli; 
after the main 

Both these i<1; 

timated yearly 
and 1.141 rnatll4?urs. 

r,= 74) 

irirogen flush 
:ide. 

lvvide an es- 
1,99930 in 

Filament Spraying Pratfall 

A supervisory and eafneering cost 
"¡reduction suggestion oralbes subntit- 
ted by George Van Weser of RCA 
involves a filament SpSiping process. 

IrkPreviously filaments fr,a high pro- 
- uction power tube wereprayed in a 

Ingle row fixture. Thy +ossibility of 
dapting this fixture todouble row 

ì spraying was worked o*. As a result 
of the above change, tare will be a 
saving of $2.86 or 4.28 bars per thou- 
and assemblies. On a ytrly produc- 

tion of over 320,000 th*esult will he 
x`'$915 or 1,360 hours. 

1b. 

Ceramic Production Sugpution 

A production I r ì t ggestioii on 
erantics of B. W. I . iiivo.. RCA, will 
)rovide a theoretn,1l lair- saving of 
pproximately $.52/1i1(10 n-amics. An 
nnual saving of 3,1!IÚ liars of direct 
Lbor will be obtained. 
\Ir. Kinyon's suggests covers the 

limination of the countfuore on half 
i ceramic unit 4y both top 
ad bottom cet. ,,; :_ ,.i e counter - 

7ored. However, the ranterbore is 
'ecessary only on the tanceramic for 
trious power 1nhe Tits have been 
tn, standard i ,1 1 a, ,, , 7tices sent 
rough, and the c'tutu'r-,ring on the 
'ttom ceramic iJ Feen elimi- 
ted. 

gure 5 

The .ramie produc- 
4;. ggestion of 
B. Kinyon of 
RC ?ith this new 

the counter- 
be. half of the 
came units are 
elimirted. It will be 
possie to affect a 

savin,of some 3000 
hour. of labor a 

year .4th this new 
ocedure. 

ItIIZIIOHTO THE "Nth" DEGREE 
Perfect co- ordination of skilled minds and hands 
in a well knit organization with 20 years of radio 
manufacturing experience has been the secret of 
MERIT'S success in building precision equipment 
to the most exacting specifications. 

Now manufacturing for every branch 
of the Armed Services. 

Suppliers of component 
parts for the famous SCR - 
299 mobile unit. 

Since 1924 

Transformers - Coils - Reactors - Electrical Windings of All Types 

for the Radio Trade and other 
Electronic Applications. 

MERIT COIL & TRANSFORMER CORP. 
311 North Desplaines St. CHICAGO 6, U.S.A. 

Makers of Precision 

En9ipeered C ELECtets 
nxiaa 

CORPORATION 

6327 GUILFORD AVENUE, INDIANAPOLIS, INDIANA 
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*jJJI /Cl/JfT Fnoiìicïs CO. 

ENGINEERS, DESIGNERS and 
MANUFACTURERS OF COMMUNICATIONS 

to THE AIRCRAFT INDUSTRY 

-An organization pledged by experience 

to serve the needs of communications in the 
aircraft industry . . . not as manufacturers of 
the complete units, but as specialists in the 

production of major components and acces- 

sories to make complete installations in accord- 
ance with Army and Navy specifications. 

SERVING THE NEEDS OF THE ARMED FORCES 100% 

*1JII/C1/J17 Fiioiìiicrs CO. 
OFFICE AND FACTORY: 3506 EAST PONTIAC STREET 

FORT WAYNE, INDIANA 

CRYSTALS by II LFI o0`M1 
Thousands of vital transmitting installations rely on the accuracy' and dependability of Hipower Precision Crystal units. With recently enlarged facilities, Hipower is maintaining greatly increased production for all important services. When essential demand begins to return to normal, Hipower will be glad to help with your crystal needs. 

HIPOWER CRYSTAL CO. 
Soles Division -205 W. Wacker Drive, Chicago 
Factory -2035 Charleston Street, Chicago, Ill. 

STATEMENT OF THE OWNERSHIP, MANAGEMENT, CIR- 
CULATION, ETC., REQUIRED BY THE ACTS OF CONGRESS 
OF AUGUST 24, 1912, AND MARCH 3, 1933, OF COMMUNICA- 
TIONS 

Publi,fied monthly at New York, N. Y., for October 1, 194 County of New York, 
State of New York, J ss.. 

Before me, a Notary Public, in and for the State and county 
aforesaid, personally appeared B. S. Davis, who, having been dilly 
sworn according to law, deposes and says that he is the Business 
Manager of COMMUNICATIONS, and that the following is, to the 
best of his knowledge and belief, a true statement of the ownership, 
management, etc., of the aforesaid publication for the date shown 
in the above caption, required by the Act of August 24, 1912, as 
amended by the Act of March 3, 1933, embodied in section 537, Postal Laws and Regulations, to wit: 1. That the names and ad- 
dresses of the publisher, editor, managing editor, and business 
manager are: Publisher, Bryan Davis Publishing Co., Inc., 19 East 
47th Street, New York, N. Y.; Editor, Lewis Winner, New York, 
N. Y.; Managing Editor, None. Business Manager, B. S. Davis, 
Ghent, N. Y.; 2. That the owners are: Bryan Davis Publishing Co., 
Inc., 19 E. 47th St., New York, N. Y.: B. S. Davis, Ghent, N. Y.; 
J. C. Munn, Union City, Pa.; A. B. Goodenough, Port Chester, 
N. Y.; P. S. Weil, Great Neck, L. I., N. Y. 3. That the known 
bondholders, mortgagees, and other security holders owning or hold- 
ing 1% or more of the total amount of bonds, mortgages, or other 
securities are: None. 4. That the two paragraphs next above, giving 
the names of the owners, stockholders, and security holders, if any, 
contain not only the list of stockholders and security holders as 
they appear upon the books of the company, but also, in cases 
where the stockholder or security holder appears upon the books 
of the company as trustee or in any other fiduciary relation, the 
name of the person or corporation for whom such trustee is acting. 
is given; also, that the said two paragraphs contain statements em- 
bracing affiant's full knowledge and belief as to the circumstances 
and conditions under which stockholders and security holders who 
do not appear upon the books of the company as trustees, hold 
stock and securities in a capacity other than that of a bona fide 
owner; and this affiant has no reason to believe that any other 
person, association, or corporation has any interest direct or in- 
direct in the said stock, bonds, or other securities than as so stated 
by him. 

(Signed) B. S. DAVIS, Business Manager. 
Sworn to and subscribed before me this 25th day of September, 1943. 

(Seal) FRANKLIN B. GOOLD, Notary Public. 
Commission expires March, 1944. 

SHARE YOUR COPY 
OF 

COMMUNICATIONS 

Your Associate Engineers and Technicians will 
appreciate your courtesy. Uncle Sam will also. 

COAXIAL CABLE EXPANSION 
(Continued from page 28) 

ductor, prompting extreme bends. 
This naturally happens in the coldest 
night of the winter, a most incon- 
venient time to repair a buried cable. 

When planning a cable installation, 
it is necessary to consider both total 
expansion and differential expansion, 
and to make suitable plans to permit 
the necessary motion of the cable. 
Usually this can be done by proper 
routing and attaching of the cable. 

Figure 3 

An installation in which expansion joints are 
used. A cable is attached solidly; E expan- 
sion bend for total expansion. This also 
serves as an anchor which solidly attaches 
the inner conductor to the outer conductor. 
D differential expansion joint permits inner 
conductor to move with respect to the outer 
conductor; S is solid inner connector. 
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CORD CD -319 -A 

COpD CD-874 

CD-318-A 
CD-307A 
CD-874 
JK-2f3 

NOW IN PRODUCTIONS 

IK -48 PL -68 PE -86 
PL -47 "A" Plug SW -141 
PL -54 BC -366 JB -47 
PL -55 BC -347.0 

Your inquiry I. invited on these and 
other Inter -communication Equipment 

R KAIJJ!NOZA 
-RIfiïND TELEVISION CORPORATION 

1038 W. VAN BUREN ST., CHICAGO 7, ILL. 

Sometimes, especially constructed ex. 
pansion fittings are used. 

End Terminations 
In each straight run of cable, the 

ends terminate either in some sort of 
cable bend, or a cable end. In either 
case, proper mounting attachments 
will usually permit the end to move 
back and forth a short distance. Al- 
lowance must be made for the total 
motion, one inch for each 100 feet of 
cable. The cable may be firmly at- 
tached at one end, and the other end 
mounted so that it may move the 
necessary distance. In a particularly 
long installation, say over 300 feet in 
a straight run, it may be desirable to 
fasten the cable solidly at the center 
and permit each end to take some of 
the motion. Where it is necessary to 
attach both ends of the straight run 
firmly, the cable may be provided with 
some form of expansion joint. Such 
joints may take the form of a long 
U- shaped curve, or may be a device 
with a metal bellows, a sliding con- 
tact joint, or other similar arrange- 
ment. These various expansion 
joints have not been entirely satisfac- 
tory, and it is preferable to simply 
mount the cable so that the end can 

development 

DIALCO PANEL LIGHT 
... LIGHT SHIELD ASSEMBLY . . 

HEAD OF UNIT IS CONSTRUCTED TO ROTATE 

360 CASTING LIGHT AT ANY DESIRED ANGLE. 

Series S -867 

A compact. rugged unit 
designed for better light- 
ing of instrument panels, 
etc. Rotation of the 
knurled head changes the 
angle of lighting as de- 
sired. Mounts in 11/16" 
hole. Uses miniature 
bayonet bulbs which are 
removable from front of 
panel. Terminals are 
firmly secured for per- 
fect contact. Many other 
features. 

Depend on DIALCO for 
high -speed service! 

Write for 
24 -page 
Catalog. 

DIAL LIGHT CO. OF AMERICA, Inc. 
90 WEST STREET NEW YORK 161, N. Y. 

vary the necessary amount, if mount- 
ing conditions make this possible. 

Differential Expansion Revisions 

The proper revisions for differential 
expansion are quite similar. That is, 
we can use either a special joint in 
which the two conductors may move 
with respect to each other, or an in- 
stallation arrangement whereby the in- 
ner conductor is fastened rigidly to 
the outer conductor at one point and 
is free to move at all other points. 
If the point where it is fastened rigid- 
ly is at one end, it can consist of a 
sealed terminal, or of a right angle 
junction box in which the inner con- 
ductors are rigidly fastened to each 
other. At the end of the straight run, 
the inner conductor can be permitted 
the necessary amount of motion by 
making a connection in a junction 
box with a piece of flexible copper 
braid. In a particularly long run, the 
inner conductor may be fastened rigid- 
ly to the outer conductor at the center 
by what is called an anchor joint. 
Then at both ends the conductor can 
be permitted to move. 

Semi- Flexible Cable 
The soft copper or semi-flexible 

type of cable rarely offers any trouble 
due to expansion. After this type of 
cable has been coiled for shipment 
and has been uncoiled for installation, 
it is by no means perfectly straight. 
The irregularities in it are quite suf- 
ficient to allow for the expansion and 
contraction which it will experience_ 
The differential expansion and con- 
traction is also not a troublesome fac- 
tor, because friction of the bends is 
great enough to keep the two conduc- 
tors from moving with respect to each 
other. 
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The 36001 and 36002 
Ceramic Plate or Grid Caps 
Another exclusive Millen "Designed for 
Application" product. Efficient, compact, 
easy to use and neat appearing. Solder- 
ing lug and contact one -piece. Lug ears 
annealed and solder dipped to facilitate 
easy combination "mechanical plus 

soldered" connection of cable. No. 
36001 for 9 16" tube terminals. No. 
36002 for 3 /e ". 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 
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CANNON PLUGS 
This panel connector is one 

of the Cannon DP series. It 

was developed primarily for 

use on radio and instrument 

plug -in equipment where 

weight, space and conven- 

ience of operation are often prime considerations. 
Both halves of this connector are mounted rigidly. One 

half mounts on the back of any electrically operated unit. 

The other half mounts on a rack or panel designed to 

hold the unit. By this means the excess weight of terminal 

strips and slack in the cable are eliminated. 

In addition to saving weight, Cannon DP Connectors 

offer many convenient and time -saving advantages in ser- 

vicing operations. 

24 page bulletin with drawings and engi- 
neering data on DP connectors available on 
request. Address Department A -110, Cannon 
Electric Development Co., Los Angeles 31, 
California. 

CANNON ELECTRIC 
Cannon Electric Development Company, Los Angeles 31, Calif. 
Canadian Factory and Engineering Office: Cannon Electric Co., Limited, Toronto 

REPRESENTATIVES IN PRINCIPAL CITIES- CONSULT YOUR LOCAL TELEPHONE BOOK 
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"THIS YEAR, LET'S PAY THE BONUS 

IN WAR BONDS 

...and drive even harder on the pay -roll savings plan!" 
Make War Bonds the Christmas Order of the Day. 
Urge your workers to make their personal Christmas 
gifts in the form of War Bonds -and practice what you 
preach! Make this a 100% War Bond Christmas -to 
insure future Yuletides of peace and prosperity. 

Make up your own posters to spread the "War Bonds 
for Christmas" story across your plant. Tell the story 
again and again on bulletin boards, in your plant maga- 
zine, and on pay envelope stuffers. 

But don't forget your basic, all- important Pay -Roll 
Savings Plan. How's it going, these days? Perhaps it 
needs a bit of stoking -up right this very minute, to 
hold its full head of steam against the competitive de- 
mands of the holiday season. 

Well, you're the man to stoke it! You can't ex- 
pect it to keep running indefinitely on last summer's 
enthusiasm. See to it that your participation percent- 
ages, and your deduction percentages, both end up the 
year at new levels. 

Every month, now your Pay -Roll Savings ought to 
run well ahead of the preceding month. For so many 
families that formerly depended on the earnings 
of a single worker, now enjoy the combined earn- 
ings of several. Such family incomes are doubled, 
trebled, even multiplied many times. 

Now's the time to turn as much as possible of these 
increased earnings into War Bonds -War Bonds for 
Christmas ... and War Bonds the whole year 'round! 

GIVE THE PRESENT WITH A FUTURE-WAR BONDS! 
This space contributed by COMMUNICATIONS 

This advertisement prepared under the auspices of the United States Treasury Department and the War Advertising Council 
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WAVE METERS 
These two instruments mark the initial and present boundaries of a development program 
that has produced, in the last twenty -six years, some twenty -five separate types of wave - 
meters, each filling a definite niche in the communication industry's need for simple -to- 
operate, frequency -measuring instruments. 

Between the Type 105 -B Wavemeter of wartime 1917, and the Type 758-A U -H -F 
Wavemeter, a wartime 1943 instrument, there is superficially little resemblance. Both, 
however, embody the accuracy and high- quality construction that is characteristic of 
General Radio instruments - accuracy made possible by General Radio's pioneer devel- 
opment of accurate primary frequency standards, and quality based on years of experience 
in building reliable electronic instruments. 
Because all our facilities are devoted to tear projects, wavemeters, at present, are available only for war work. 

The General Radio Company 
builds a variety of wavemeters, 
each designed for a definite type 
of measurement. These instru- 
ments cover a frequency range 
of 16 kilocycles to several hun- 
dred megacycles, and range in 
accuracy from 2% to 0.01%. 

GENERAL RADIO COMPANY Cambridge 39, Massachusetts 
NEW YORK 6 LOS ANGELES 38 
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