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It is significant that, on the whole, difficult transformer jobs 
find their way to UTC. A few recent illustrations of accom- 
plishment throigh engineering ingenuity are shown below. 

This transformer was designed fo- laboratoy apparatus requir- 

ing a frequency range previously unheard of ... flat within 2 

DB 2 cycles to 20,000 cycles, this unit handles 25 watts output. 

A manufacturer had the problem of changing his equipment from 40C 

cycle to 60 cycle power supply, but discovered that 60 cycle transform- 

ers are twice as large. UTC developed a unit, hermetically sealed, that 

fit his existing chase is, eliminating the need for a complete rebuilding 

of the equipment. 

Narrow band filters are a commo i requirement for multiple channel tele- 

control purposes. To effect a maximum number cf channels in the audio 

range, filters made by UTC emp oy toroid high Q coils of unique struc- 

-ure. A typical special filter with 1500 cycle pass band is down 40DB at 

1400 and 1600 cycles. 

Low power 115 volt appliances such as electric razors, fluorescent desk 

lamps, etc. are sometimes requ red to operate on 220 volts. For simplicity 

of installation in the application of one manufacturer, a 15 watt plug-in 
unit was developed incorporating both plug and receptacle. 

The UTC engineering department is available for consultation on your design problem 

eaed 
150 VARICK STREET / NEW YORK 13, N. Y 

EXPORT DIVISION: 13 EAST 4)th STREET NEW YORK 16, N. Y., CABLES: "ARLAB" 
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electronics 
MARCH 1947 

FLYING SKYWIRES 
Douglas DC3 aircraft for executives, showing just a few of its many antennas for communicat, 

FCC VIEWS TELEVISION ADVANCES 
Color vs black -and -white contest sharpens as industry demonstrates competing equipment 

HEATING WITH MICROWAVES, by J. Marcum and T. P. Kinn 
Methods of utilizing waveguides for applying energy to moving or stationary materials 

UHF TELEVISION RELAY SYSTEM, by Wilson Boothroyd.... 
F -M equipment operating on 1,350 me is useful for inter city multiple relay work or studio -transmit 

PRODUCTION TESTING OF TACHOMETERS, by Herbert F. Storm 
Power for the calibration of instruments at 21 test speeds is generated electronically 

RADIO DISPATCHING FOR TAXICABS 
Rates are reduced, income is increased and equipment costs are amortized rapidly 

TELEMETERING FROM V-2 ROCKETS, by V. L. Heeren, C. H. Hoeppner, J. R. Kauke, S. Lichtman, P. R. SI. 
Time -modulated pulse system in nose of rocket telemeters 23 readings to ground over 1,000 -mc radio link 

SUBMINIATURE ELECTROMETER TUBE, by C. D. Gould.... 
Tetrode having very high input resistance is used in portable x-ray radiometer 

TIMER FOR DIECASTING MACHINE, by Gerald DeLong 114 
Cooling of metal in 25 molding machines is controlled by simple electronic circuit 

EXPERIMENTAL C -R TUBES FOR TELEVISION 112 
Greater screen brightness, all -electronic color tube, and optical relaying developments 

ULTRASONIC GARAGE -DOOR OPENER, by Boley A. Andrews 116 
Inaudible vacuum -type whistle on car actuates crystal microphone feeding amplifier and relay in motor circuit 

F -M CYCLOTRON 119 
World's largest cyclotron accelerates electrons to nearly the speed of light 

PREDETERMINED COUNTERS, by John J. Wild 120 
Switches insert predetermined starting count as require d for industrial counting, batching, timing, and totalizing 

PULSE -MODULATED OSCILLATOR, by Allan Easton 124 
Circuit for generating sweep -calibrating and marking signals of uniform amplitude 

STABLE VOLTMETER, by R. W. Gilbert 130 
By means of a compound feedback circuit, stability is obtained in a conductively coupled instrument 

WAVELENGTHS OF SOUND (Reference Sheet), by Bertha M. Henvis 134 
Tables and simple nomograph give wavelength in common mediums at any sonic or ultrasonic frequency 

BUSINESS BRIEFS 74 INDUSTRIAL CONTROL 142 NEW BOOKS 279 
CROSSTALK 79 ELECTRON ART 144 BACKTALK 282 
TUBES AT WORK 138 NEW PRODUCTS 148 INDEX TO ADVERTISERS 291 

NEWS OF THE INDUSTRY 154 
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65;,f,"i ged 
isolate test rooms in laboratory or factory. 

Installed where the electric power service passes 
through the screen, these Filterettes provide high 
attenuation from 150 kc to .100 mc, thus permit- 
ting :operation of sensitive high -frequency test 
apparatus in close proximity to electric production 
equipment, welding generators, repulsion motors, 
and high -frequency induction healing equipment. 

SPECIFICATIONS 
HEAVY DUTY FILTERS 

Type Amperes Volts Volt. Drop Freq. Range Weight 

Two Wire 100 500 
a -c/d -c 

.2 volts 
per circuit 

0.15 to 400 
megacycles 

40 lbs. 

Three Wire 100 500 
a -c/d -c 

.2 volts 
per circuit 

0.15 to 400 
megacycles 65 lbs. 

MEDIUM DUTY FILTERS (Two Wire) 

No. 1 137 20 
11e/220 a -c 

500 d -c 
.5 volts 

per circuit 
0.15 to 20 

megacycles 
17 lbs. 

No. 1116 50 110/220 a -c 
500 d -c 

.5 volts 
per circuit 

0.15 to 20 
megacycles 

17 lbs. 

Widely used by government., college, and indus- 
trial laboratories, Tobe Screen Booth Filters will 
meet your need; Bulletin 472 E , free on request, 
gives additional data. For information about the 
complete line of Tobe Filterettes and Capa- 
citors, ask for our general catalog. 

Our specialists will advise on con- 

struction of screened test rooms 

and on filter installations. 

HEAVY DUTY FILTER 

Mechanical design and assembly conform to 
practical electrical installation requirements. 
Outer housings are of welded steel; knockouts 
at each end accommodate electrical con- 
duits: heavy, threaded studs facilitate at- 
t.achment'of cable lugs. 

These units employ non -inductive, mineral -oil im- 
pregnated capacitors; the inductors, of large cross 
section, have low series resistance, hence voltage 
drop is negligible. Overload ratings are: 150% of 

ampere rating for one hour; 200% of' voltage 
rating for one minute. 

Tobe Screen Booth Filters are 
standard for the electronics indus- 
try; there are sizes for every re- 
quirement. 

TOBE DEUTSCHMANN eceuvidizei CANTON, MASSACHUSETTS 
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e Many brilliant projects have been started with a K & E Slide Rule and the back 

of an old envelope. Bui between a new conception and its practical execution 

of the vital links are always the engineer and the draftsman. For through their 

techniques they construct the project on paper with unmistakable clarity and 

precision. In this their drafting instruments and equipment become part of their 

own hand and brain, and their partners in creating. 

For 78 years Keuffel & Esser Co. Slide Rules, drafting equipment and materials 

have been partners in creating the greatness of America, in making possible 

our nationwide railway system, giant airports, fine radios for nearly every home 

... So universally is K & E equipment used, it is self-evident that every engineering 

project of any magnitude has been completed with the help of K & E. Could you 

wish any surer guidance than this in the selection of your own "engineering 

partners"? 
In slide rules especially, you will find K & E precision invaluable. For it not 

only brings you a slide rule that is a joy to 

use, but it adds to your confidence in making 

partners in creating every calculation. You will find Don Herold's 

booklet, "How To Choose A Slide Rule", 

amusing and very helpful. Write on your 

letterhead to Keuffel & Esser Co., Hoboken, N. J. 

Drafting, Reproduction, 
Surveying Equipment 

and Materials, 
Slide Rules, 

Measuring Tapes. 

...the world's 
safest trains 

KEUFFEL & ESSER CO. 
EAT. 1847 

NEW YORK HOBOKEN, N. J. 

CHICAGO ST. LOUIS DETROIT SAN FRANCISCO 

LOS ANGELES MONTREAL 
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Send for your copy of the new Accu- 
rate Spring Handbook. It's full of data 
and formulae which you will find 
useful. No obligation of course. 

Precisely controlled heat 
treating in the 1=omo Electric 
Fun- ace shown above is just 
one of the many procedures 
fcLcwed here a- Accurate to 
guarantee uniformity in 
sp;IiZg: Rigid adherence to 
yol soecifica:ions lowers 
yo -1.7 ul-imate spring costs... 
by making cerva -n all your 
spring: behave :he way you 
want t_ em to. /Tr'_te for full 
de -ails, today. ACCURATE 
SPRING MFG. CO., 3830 W. 
Lake Sr"-, Chicago 24, Illinois. 

lit,i1at ..3 .a . ,A,: 

6.'Í 

SftúdCut 
n', W IJLFdevfLd 

Staue»94 
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THE 757A LOUDSPEAKER 
IT'S tops for FM and AM Broadcasting-Recording Studios - High Quality Music Distribution and Public Address 

Systems. 

It's breath -taking in its realism over the full frequency range 
of 60 to 15,000 cycles. It incorporates the famous 728B Loud- 

speaker and a new high frequency horn. See it at the I.R.E. 
Radio Show at Grand Central Palace, New York. 

Ask your local Graybar Representative for complete details, 
or write to Graybar Electric Company, 420 Lexington Avenue, 

New York 1 7. N. Y. 

Designed by Bell "Ielephone Laboratories 

Western Electric - QUALITY COUNTS - 
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fevwe Weir' 
with the 

332J2M1311D. FS135C 

FREQUENCY STANDARD 

IA1#Nt1iACtY0.éD BY 

THE NRMMwftLU ND MFG CO., INC. 

ME 

Connect up the FS -135-C in your receiver 

and you have a first-class frequency 

meter all set to go. You will have the satis- 

faction of knowing you are obeying F.C.C. 

rules and you'll get accurate signals 

every 100 KC's to mark the band edges 

or make any other checks you want. 

You will find the FS -135-C is a cinch to connect and it's so small it fiis in any receiver. 

The ingenious circuit and a special crystal permit variation of the crystal frequency 

for zero beating with WWV. Once this adjustment is made you practically have a W W V 

junior built right in your receiver. 

the FS135C 
at your dealer's 

22 WM 
THE HAMMARLUND MFG. CO., INC., 460 W. 34TH ST., NEW YORK 1, N.Y. 

MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT 

unnera ul. 
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THE OP 
Induction hardening of 17" five -blade 

lawn mower reel assemblies at REO 
MOTORS INC., Lansing, Michigan. 

Discarded method: 15 per hour. New 

method: one a minute or 300% gain 
in production. Problems of scale for- 
mation and warpage, formerly costly 

and unpredictable, now negligible. 
Additional savings in other depart- 
ments such os complete assembly of 

blades, spiders and shaft up to fin- 

ished grind. 

mom 

THE 

AMPEREX TUBES 
THAT DO THE JOB: 

rte, 

yz. induction 
frequency 

CHER 
-MONK highr ap- 

proximately 

with 
ut of 1070 BTU's Per minute 

o 

Model' n output cycles Per 

generator w;20 K`N 
frequency 

of 375,000 
Y 

utomatic work Coble,with 
simple 

proximately 
the work. All equip - 

second. 
A two -position ontr o 

INDUCTION 
press-the-button ress the 

designed 

control, speeds 
d by IND 

ment designed and 
monufactuEW 

YORK 3' N' Y. 

HEATING 
CORPORATION. 

Induction heating may be the answer to your 

hardening, brazing, melting, forging and an- 

nealing problems. In induction heating as In all 

industrial, communication, rectification, electro - 

medical, special purpose and experimental 

Four Amperes TYPE 575A Recti- 
fiers: Mercury Vapor, High Voltage. 

An original Amperex contribution 
particularly noted for reliability 

and long life. Peak inverse volt- 
age, rating, 15,000; Plate cur 

rent rating, 1,5 Amps. 

Two Amperes TYPE 892 Oscilla- 
tors: three -electrode, water-cooled 

external copper anode; standard for 
generation of HF power. Anode 
dissipation conservatively rated 

at 10 KW. 

equipment, AMPEREX TUBES are vital for perfor- 

mance, long life and economy. As tube special- 

ists concerned with all electronic developments 

Amperex engineers are in a position to give 

detached counsel and information. 

Write Amperex Application Engineering Department 

Msc' OM t0 ̀kG f,', 9ttft we* Ot ;`vc'v 
ta 

ALISIS SINCE 1 9? 5 
EtEttfirf irit Cif 11panaIr ifn 

2S WASHINGTON STREET, SROOKIYN I. N. Y., CAMS. "ARIAS - 

N, t..pAww r*4 Np.tp,/.dlpems metes MmESTIr, lIMITEO, 427 flees Peer Wed, Torpes* 28, Curette 
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BAK ELITE 
RESINOID 

SEALED 
CANNOT MELT 

PAT. PEND. 

SPECIAL WARTIME DEVELOPMENT NOW 
AVAILABLE FOR PUBLIC USE . 

TYPE P6 DUMONT PAPER CAPACITORS 

AC -DC CONTINUOUS 
AT HIGH TEMPERATURES 

DüMQNZ. 
DURA`EALEO ; 

GP -.0$, W.Y.600 Jf 

BAKELIZED 
TUBES 

* Dumont engineers scored in the great- 

est single achievement in paper tubular 

capacitors ... meeting the most exact- 

ing requirements. This type P6 has the 

ends sealed in BAKELITE RESINOID. 

Leads cannot PULL OUT or MELT OUT. 

Bakelite treated tubes sealed in vacuum. 

oapl 

...60p.i 
: cAP' , 

büM01iT 
DURA EALED 
CAP 05 WI!6op 

DOM R4 
FNr 

* HEAT PROOF 

* MOISTURE PROOF 

* LONGER LIFE 

* VACUUM SEALED 

* SOLVES SPACE 

PROBLEMS 

DUMONT ELECTRIC CORP. 34 HUBERT STREET 
MFR'S OF CAPACITORS FOR EVERY REQUIREMENT NEW YORK, N. Y. 
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with 
WHISTLER 
MULTI -USE 
Adjustable Dies 
You save press time and speed production by combin- 
ing corner notching dies and group dies in the same 
set-up with adjustable piercing dies. Press operations 
are reduced to a minimum. Engineering changes 
effecting relocation or sizes of holes can be made with- 

out delay right on the press. 
Whistler multi -use adjustable 
dies are available from stock... 
a day or two from your plant 
...in all standard sizes from t/32" 
to 3" diameters...round, square, 
ovals and rectangles. Notching 
and group dies to order. In addi- 
tion to mighty attractive sav- 
ings in original die costs there 

WHISTLER 

A typical set-up for notching and piercing. 

Pierced and notched with Whistler multi -use 
adjustable dies. 

is this important advantage 
production delay. 
Re -arrange Whistler multi -use adjustable dies in as 
many different set-ups as your production calls for ... 
you actually make up die sets from units in stock and 
reduce costs per job to an unbelievably low figure. All 
parts of like size are interchangeable. 
Get all the facts on how Whistler adjustable dies can 
speed your production ... cut your costs. Write today 
for the Whistler Catalogs. 

S. B. WHISTLER & SONS, Inc. 
752-756 MILITARY ROAD BUFFALO 17, N. Y. 

of eliminating weeks of 

WHISTLER D`JUSTABLE PERFORATING DIES 
ELECTRONICS - March, 1947 9 
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Sealed -in 
Moud 

BIG TUBES MAKE LITTLE ONES 
That's right. Big power tubes help build little receiving tubes. Secret of the 
electronic tube is its ability to pass a controlled stream of electrons through a 
vacuum. During the intricate exhaust process, electronic induction heating assists 
in creating that vacuum. 
The induction heater (small illustration) is a 750 -kilocycle, 6 -tube, 10 -kilowatt 
power oscillator whose tank coil is coupled to the exhaust coils. Four of these 
coils poised over Hytron 12SA7GT sealed -in mounts are caught by the camera a 
split second before the exhaust machine automatically positions them around 
the mounts. 
High frequency current in the coils quickly heats red hot by induction the inter- 
nal metal parts of the mounts. Gas driven off is sucked through the exhaust tube 
of each mount by the vacuum pumps. Heater leads riding in the two circular 
tracks supply filament power to activate each cathode. Also by induction heating, 
"getters" are flashed to absorb residual gasses. Fingers of gas flame finally melt 
and seal off the exhaust tubes. 
An intricate machine-assisted by electronics itself- performs the ticklish ex- 
haust job easily, speedily. Again know-how supplants the element of human error 
with the infallibility of the machine. Machine -paced, a sequence of finely -controlled 
precision operations gives you Hytron tubes of typically uniform quality. 

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921 

MAIN OFFICE: SALEM, MASSACHUSETTS 

Hove you received your 
copy of the new, compre- 
hensive Hytron Miniature 
Tube Reference Guide? If 
not, write for it today. 

10 
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IM IMI BR MI OM III MI all NM IMO IIIIII all IN Ill MI Ill Ill 11111 al MIR 

LI. IIMMIL _:__ _-__ ___: . _ _ a -__: _ In: __ - problems 0,0s/x/Aransformer 

Knows how to solve 

I BE NMI I. MI 

Here's a typical case. The head of a large 
manufacturing organization came to the K -V 
Transformer Company, presented his problem, 
gave his specifications to the K -V engineers, 
and left. Instantly the wheels were put into 
motion ... a memo was circulated .. . 

HERE'S THE ASSIGNMENT: 

I1ERE 
ARE. 

Tle- 
POSED.. IT 

pRpBLEo 
mu 

capacitance be - 

2. 

than 
l 'Less 

windings 
capacitance 

unbalance t 
secondary to ground Dg from 

of 

3. 

the 
frequency 

response 

characteristic 
800 to 30,000 cp shift 

4 Linear tfrequency range a 5écoda 
secondary 

throughout hrough° reactance of Within l y 

5 'Leakagebe balanced.l in 1 

sections 
to less than 

6.Insertion 
loss shielding permeability 

7. 

O _ O jor- 0 
O G G G , C C I= : 

-: = : = 
I& 

= Mir 

Mil Ili OM 
: = EM O 

fRr°OM: 

7 

-c'>/ , 

POI 

L4-7,* 

`.PF 4Ci(F Pr.F.ycr 

HERE'S THE SOLUTION 

- 
K -Y TRANSFORMER CO. 
356 EAST 88th ST. NEW YORK 28, N. Y. 

1 

I 
1 

I 
1 

I 

This was all in a day's work at 
K -V Transformer Company! Every 
day we receive and solve similar 
problems. Perhaps we can help 
you. Our experience and ability is 
always at your service. We offer: 

1 

ADVANCED ENGINEERING AT LOW COST 

MANUFACTURING KNOWLEDGE 

ELECTRICAL AND MECHANICAL STABILITY 

MODEL SHOP AND PRODUCTION FACILITIES 

RIGID INSPECTION AND QUALITY CONTROL 

SPEEDIER DELIVERY 

_.. _- _ _- _ - _ 
AUDIO COMPONENTS 

WAVE FILTERS 

I MODULATION TRANSFORMERS 

SHIELDED BRIDGE UNITS 

. 

PHASE SHIFT DEVICES 

HIGH Q INDUCTORS 

TELEVISION TRANSFORMERS 

ELECTRO -MEDICAL UNITS 

ELECTRONICS - March, 1947 II 
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e 

aA&Acarbonyl iron powders 

e 

e 

41). 

ar.4.8tF carbonyl iron powders 
General Aniline & Film Corporation 

12 
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e ectror'c5 manuf(70){ 

Look what it tells you about the practical 
core material-Carbonyl Iron Powder 

CONTENTS 

coA 

How Carbonyl Iron Powders are Made 
Microphotographs of Carbonyl Iron Powder 
Properties of Carbonyl Iron Powders 
Chemical Composition 
Particle Size and Density 
Electro Magnetic Constants 
Comparisons with Other Magnetic Powders 

a. flux density 
h. core density 
c. iron hacking fraction 

"HP" Carbonyl Iron Powder k 
a. physical characteristics 
h. electro magnetic characteristics 
c. "Q" values 

YLW04 SL6t,Lj 

pautle 6eeTtoz duc7are J 

Carbonyl Iron Powders in High Frequency Cores 
a. relative "Q" values of 5 grades 
b. comparison with air -cored coils 

Effective Permeability of High - 
Frequency Iron Cores 
Types of Cores Made with Carbonyl 
Iron Powder 
Carbonyl Iron Powders in Powder 
Metallurgy 
Behavior at High Temperatures 
Formulae Frequently Used in Connection 
With Iron Cores 
A List of Papers Relating to Powdered Iron 
and Its Applications 
Index 

Qa,w^,eQu 

to 60% 

I,IJLG G Z 44 ewe 
fio ierc,6pr'.^,tQ"vad 
170% `14 at ce-cteedc64 

Ney, ieonPotuka aie treed 

Mail this coupon today» 

To: General Aniline & Film Corporation 
Special Products Sales Division, Dept. 2 
270 Park Avenue, New York 17, N. Y. 

Please send me a free copy of "G.A.&F. Carbonyl Iron 
Powders." 

Name 

Address 

City State 
NOTE: If you visit the Institute of Radio Engineers 
show at Grand Central Palace in New York, March 3.6, 
you are invited to stop at the G.A.&F. Carbonyl Iron 
Powder exhibit. 

ELECTRONICS - March, 1947 13 

www.americanradiohistory.com

www.americanradiohistory.com


A POTTER ELECTRONIC COUNTER FOR EVERY 

COUNTERS AND SCALERS 

For straight high-speed counting and frequency 
dividing i.e. radiation counting -machine operations 

CHECK THESE IMPORTANT FEATURES! 

Speed and Accuracy 
Will count at rates up to a million per second with 
absolute accuracy. 

Versatility 
Can be used for measurement and control of dis- 
crete quantities, length, area, time, velocity and 
frequency. Can also be used to totalize counts from 
several sources occurring simultaneously and at 
random. 

Flexibility 
Readily substituted for slower inaccurate mechanical 
controls-adaptable to all types of input actuations. 
-Selection of any predetermined count made simply 
by dial switches. Easy to install and operate. 

Reliability 
Sturdy construction using simple straight forward 
reliable circuits and high quality components. As- 

sures maximum trouble free continuous operation. 
- No moving parts to- wear out - 

If you have a specific application problem or 

wish additional information on Potter Elec- 

tronic Counter Circuits, write Potter Instrument 
Company, Dept. 6A. 

timing 
control 
counting 
sorting 
totalizing 

NEED 

DUAL PREDETERMINED COUNTERS 

For controlling two sequential operations at 
high rates i.e. zipper manufacture 

SINGLE PREDETERMINED COUNTERS 

For high speed counting and grouping of 
items fcr processing or packaging i.e. pack- 
aging cf pills, buttons, hardware, etc. 

Photoelectric Screen 
for gating inter+al 
timer in projectile ve- 
locity measurements. 

INTERVAL TIMERS 

For measuring or predetermining intervals 
with micro -second accuracy i.e. projectile 
velocities -accurate time base generator. 

POTTER INSTRUMENT COMPANY 136-56 ROOSEVELT AVENUE FLUSHING, N. Y. 

March, 1947 - ELECTRONICS 
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ofl 

pISCHAR6E 
CAPATbR 

,,.xc 25.32 

.ZMG 2500 VDC 
PpN 

oo w"S 

Check these advantages 
of SUPEREX* 

Discharge Capacitors 

RATED FOR DEPENDABILITY 

EXCELLENT ENERGY -STORAGE 
TO WEIGHT RATIO 

BUILT FOR THE APPLICATION 
Short, heavy, internal leads 
Low inherent inductance 
Special construction to 
minimize discharge stresses 

RELIABLE HERMETIC SEALS 

CORROSION -RESISTANT GRAY 
LACQUER FINISH OVER HEAVY - 
GAGE TERNEPLATE CONTAINERS 

SSUPEREX GE 
iTOR 

pLxv 4osz.s 
12.5Mí 4000 Vor PEAN 

e o w -s 

STOREHOUSES ... 
for BOTTLED LIGHTNING 

Man-made lightning flashes for high-speed photography, 
display signs, traffic and marine beacons, airport signals, 
and a host of other electronic pulsed lighting applications, 
all have their heart in the discharge of capacitor -stored 
energy through a flashtube. 

Pulsed lighting, capacitor -discharge welding, and all other 
energy -storage applications where dependability is a 
must are the fields in which Solar SUPEREX* Discharge 
Capacitors stand supreme. 

You'll find preferred listings, with dimensions, complete 
rating information and a handy watt-second-microfarad- 
voltage chart in Bulletin SPD -300. Write for it today. 

Solar Manufacturing Corporation 
285 Madison Avenue, New York 17, N. Y. 
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GENERATOR ROTORS CAN 
BE OPERATED SAFELY AT 

125,000 RPM 
Cunico is the newest addition to the Arnold high quality permanent 
magnet line. It is a copper nickel cobalt alloy which has very high 

coercive force. Ductile, machineable and malleable, Cunico can be 

fabricated into a wide variety of simple and complex designs. Draw- 

ing, cutting, machining, punching and screw machine operations are 

practical. 

Cunico can be magnetized in any direction, and is most efficient 

where a large cross section is available to produce sufficient total flux. 

Generator rotors are a typical application. A relatively short length 

is required to maintain the flux because of its high coercive force. 

...Jer , 1i lii 1 y 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 

Specialists in the manufacture of ALNICO PERMANENT MAGNETS 

4w 

CUNICO CAN BE PRODUCED IN THE FOL- 

LOWING SHAPES AND APPROXIMATE SIZES: 

BARS -1/4" to 1" square 
STRIPS -2" maximum width x 

.015" to .312" thickness 
RODS-'/a" to 1" in diameter 
WIRE-No. 2 to No. 24 AWG sizes 

CASTINGS-Maximum section 1" 
thick 

Write today for details. 

ARNOLD'S TECHNICAL BULLETIN 

eawses.a.a. 
a.wcam 
y,i9wwtM 

a 
"Permanent Mag- 
nets for Industry" 
suggests many 

ways in which the 
war -born improve- 
ments in permanent 
magnets can be most 
valuable to you. Send 
for it! 
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Something new under 
the SUN trade -mark! 

The Sun Oil Company invites immediate inquiries 

on two new, high quality microcrystalline waxes- 
SUNWAX 1290 Brown and SUNWAX 1290 Yellow. 

These new Sun waxes were developed for use in the 

paper -impregnation, packaging, electrical, electronic, 

paint and chemical industries ... wherever resiliency, 

high melting point, and high resistance to shock or 

shattering are required. They are tenacious and uni- 

form in physical characteristics. Approximate speci- 

fications for both types are : 

MELTING POINT (ASTM D127 -30)-175°-185°F. 

PENETRATION (ASTM D5-25)-15 MAX. 

For full information call your nearest Sun office or 

write Dept. CE3, Sun Oil Company, Philadelphia 3, Pa. 

BKSUNOCOA> SUN INDUSTRIAL PRODUCTS 
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Able fingers 
know! 

Like sculpture, draftsmanship is dependent upon the 

right medium in the right fingers-Typhonite Eldorado 

pencils put smoother, crisper lines in your drawings- 

leave professional satisfaction in your heart. 

DIXON'S TYPHONITE 

ELDORADO 
Dixon's TYPHON,TE ELDORADO- 314 

PENCIL SALES DEPT. 59-J-3, JOSEPH DIXON CRUCIBLE CO., JERSEY CITY 3, N. J. 
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THOR ARSON 
Transformers 

04E a 

For over half a cerbury Thordarson has been manufacturing the 
finest n transformer equipment. The oldest company in the field, it has pioneered many new 
developments, including the superior core and coil materials now used throughout its entire line. 
This vigorous policy of research and development, tcgether with an unusually high standard of 
production, has made the name Thordarson a guarantee of quality ... an assurance of trouble - 
free performance among engineers everywhere. 

Thordarson's engineering staff and Thordarson's field men are prepared to assist you with your 
transformer problems. We are especially equipped to handle those types of transformers which 
require a high degree of engineering skill and which must be built to very rigid specifications. 
Send us complete details as to your requirements. 

O. S. r.ie L1 ¿oa had/here ca*.s, eifiteia 

ELECTRONIC DI IBUTOR and INDUSTRIAL SALES DEP 

i 1 

INCORPORATED 
936 N. MICHIGAN AVENUE CHICAGO 11, ILLINOIS 

E i 

EXPORT SALES DIVISION SCHEEL INTERNATIONAL, INCORPORATED 
4237-39 N. LINCOLN AVE., CHICAGO 18, ILL. U.S.A. CABLE ADDRESS - HARSCHEEL 

ELECTRONICS - March, 1947 17 
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............ .. 

.'. : : 

:......, ..... 
. 

ON THE AIR 

The clock on the studio wall and the important 
warning signal below it are two ever-present reminders 
on which radio broadcasting depends. 

Today, approximately half the time this warning 
signal appears in the broadcasting stations throughout 
the country, the studio clock is measuring the time of 
transcribed programs. This large proportion of broad- 
cast time devoted to recorded programs is a significant 
tribute to the advancement in the quality of sound 

recording and reproduction. 
In this spectacular trend of broadcasting, AUDIO - 

DISCS have played a basic role. These recording discs 
are the ones most extensively used for instantaneous 
recording, for the original sound recording in making 
pressings and for the Master discs used in the electro- 
plating process. 

If it's worth recording-it's worthy of an AUDIO - 
DISC. See your local AUDIODISC distributor or write : 

AUDIO DEVICES, INC., 444 Madison Avenue, New York 22, N.Y. 
Export Department : Rocke International Corp., 13 E. 40th Street, New York 16, N.Y. 

Audiodiscs are manufactured in the U. S. A. under exclusive license from PYRAL, S. A. R. L., Paris. 

Is March, 1947 - ELECTRONICS 
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LAPP GAS -FILLED CONDENSER 
OFFERS NON -DETERIORATING, 
UNIFORM PERFORMANCE 
The dielectric of the Lapp condenser is an inert gas, non -deteriorating 
and puncture proof. After years of service, the condenser retains the 
same margin of security it, had when installed in the circuit. Also, it 
offers lower loss than solid -dielectric units, with corresponding econ- 
omy of power. Not needing to "warm up," it provides constant capac- 
itance under temperature variation. Variable, adjustable and fixed 

capacitance units are available, in current ratings up to 500 amperes 
R.M.S., and voltage ratings up to 60 Kv peak. Fixed units have been 

made with capacitance up to 60,000 mmf., variable and adjustable 
units up to 16,000 mmf. 

LAPP INSULATOR COMPANY, INC., LE ROY, NEW YORK 

ELECTRONICS - March, 1947 19 
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A.- A survey of sur- 
rounding cities indi- 

cates a radiation pattern 
approximately as shown by 
the shaded area above. 
Listeners almost 150 miles 
away reported excellent 
volume and clarity of re- 
ception. The remarkable 
coverage is due to the 
power gain of Federal's 
Square -Loop Antenna. The 
clarity and tone quality is 
made possible by the ex- 
ceptional fidelity and mean 
carrier stability of Federal's 
"Frequematic" Modula- 
tor - an exclusive feature 
of every Federal FM 
transmitter. 
*Trade Mark 

Federal's 8 -Element Square -Loop Antenna dominates the 
Minneapolis skyline from the top of the Foshay Tower - 
highest building in the Northwest. Ruggedly constructed to with- 
stand heavy winds and icing loads, this 80 -foot antenna has already 
proved its dependability in temperatures down to 22 degrees below zero! 

PdQra1 7è/cphorie 
In Canada:-FedraI Electric Manufacturing Company, Ltd., Montreal. 
Export Distributors:-Intrnationol Standard Electric Crp. 07 Ir.M Sr., N.Y.C. 
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SQUARE -LOOP FM ANTENNA 

MAKES WORLD DEBUT! 
WTCN-FM, Minneapolis, goes on the air with most efficient 

FM Antenna installed anywhere ... boosts 3kw transmitter 

to 25kw ... with coverage of 30,000 square miles 

FEDERAL'S 8 -Element Square -Loop Antenna made 
radio history with the opening of the Twin Cities 

FM station, WTCN - the first super -directive an- 
tenna of its type and power gain to be installed 
anywhere. It gives the 3kw Federal transmitter an 
effective radiated power of 25kw - providing ex- 
cellent reception over an area of approximately 
30,000 square miles. This makes WTCN the world's 
most efficient FM station-and, with an FCC permit 
for an output of 400kw, it will eventually be one of 
the country's most powerful stations, too. With 

Federal's high -gain antenna, this maximum rating 
of 400kw can be achieved with the installation of 
only a 50kw transmitter ! 

WTCN is among the FM stations with permits for 
the most powerful ratings in the country. Others are 
KWK, St. Louis, with 369kw - and WTMJ, 
Milwaukee, with 349kw. These three stations have 
all selected FM by Federal! And Federal can equip 
your new FM station, too - from microphone to an- 
tenna. Write today for complete information. 
Dept. B313. 

Station WTCN was officially opened by a gala inaugural program featuring 
the Minneapolis Symphony Orchestra, Dimitri Mitropoulos conducting. 
With FM by Federal, listeners at home were enabled to hear this famous 
orchestra with the same brilliance and tonal color as the studio audience. 
Insert shows Mr. Mitropoulos and Governor Luther W. Youngdahl of 
Minnesota, at opening of ceremonies. 

and Radio (brporat/oa 
N.wcrk 1,New Jersey 

"Wonderful! Magnificent ! A terrific 
step of progress." This was the com- 
ment of the famed conductor, Dimitri 
Mitropoulos, when he heard his own 
orchestra over an FM receiver, during 
an on -the -air rehearsal. 

ELECTRONICS - March 194' 21 
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MITCHELL -RAND VARNISHED TUBINGS 

meet or exceed SPECIFICATIONS 

SET BY VARNISHED TUBING ASSOCIATION and 
AMERICAN SOCIETY FOR TESTING MATERIALS 
MITCHELL -RAND in its improvement of Varnished Tubings, took as its starting point 

the specifications established by the Varnished Tubing Association and the Society for 

Testing Materials ... and today produces Varnished Tubings that meet or exceed the 

known specifications for Dielectric, Tensile Strength, Flexibility, Non -Fraying, High 

Gloss, Non-Hydroscopic, Resistance to High Temperatures, Oils, Fats, Acids, etc. 

FIBERGLAS AND STAPLE FIBER COTTON YARN 

FIBERGLAS (INORGANIC) VAR- 

NISHED TUBINGS are made in four 
grades: Standard; Double Saturated; 
Triple Strength and Impregnated. 

STANDARD GRADF for maximum flexibil- 
ity, has little varnish and is recommended 

for high temperatures where dielectric 
strength is not a factor. 

DOUBLE SATURATED has all qualities of 

the Standard Grade but with additional 

coats of varnish to bring the dielectric rating 

up to 1500 volts. 

TRIPLE STRENGTH is built up with coats of 

especially flexible insulation varnish for 

dielectric ratings up to 2500 volts and is par - 

Write today for your free copy of the M -R 

WALL CHART with its engineering tables, 

electrical symbols, carrying capacities of con- 

ductors, dielectric averages, thicknesses of in- 

sulating materials, tubing sizes, tap drills, etc. 

ticularly suited where assembly operations 

include the possibility of rough handling. 

IMPREGNATED is the Optimum in Superi- 

ority for high gloss, non-hydroscopic, re- 

sistance to high temperatures, oils, acids, 

etc. IMPREGNATED has a dielectric rating 

beyond 7000 volts and is unequalled for 
Long Life Under Most Severe Conditions. 

Write For Samples. 

FOR USERS OF COTTON YARN VAR 
'SHED TUBINGS The Mitchell -Rand 

MIRAC and HYGRADE Varnished Tubings 

of long staple fiber yarn are comparable 
to Fiberglas Tubings in dielectric ratings, 

tensile strength, flexibility and long life. 

Write For Samples. 

MITCHELL -RAND INSULATION CO. Inc. 
51 MURRAY STREET COrtlandt 7-9264 NEW YORK 7, N. Y. 

A PARTIAL LIST OF M -R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH INSULATING PAPERS 

AND TWINES CABLE FILLING AND POTHEAD COMPOUNDS FRICTION TAPE AND SPLICE TRANSFORMER COM- 

POUNDS FIBERGLAS SATURATED SLEEVING ASBESTOS SLEEVING AND TAPE VARNISHED CAMBRIC CLOTH AND 

TAPE MICA PLATE, TAPE, PAPER, CLOTH, TUBING FIBERGLAS BRAIDED SLEEVING COTTON TAPES, WEBBINGS AND 

SLEEVINGS IMPREGNATED VARNISH TUBING INSULATED VARNISHES OF ALL TYPES EXTRUDED PLASTIC TUBING 
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Type BCS-1A 

Master Switching System 
This system consists of one Master Switching 
Console (above, right-shown with an RCA 
76-B4 Consolette) and one or more sub - 
control units (below). It contains all the re- 
lays needed for any combination of switching 
functions. 

Up to five sub -control rooms can be used 
with the master console, each of which can 
handle from one to three studios. 

Status lights give accurate picture of "On 
Air," "In Use," "Ready," and "On -Off" con- 
ditions in all control rooms for each outgoing 
line. Unique design features prevent feeding 
more than one program to any one line, al- 
though supporting program material can be 
handled as remotes from the originating studio. 
Sub -control units act as relay control stations 
between studios and master control unit. 
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switching for 
AM -FM Programmine 

CONTROL ROOM 

AM FM 

CONTROL 1 
1100M 

CONTROL ROOM 
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- ------ 
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STUDIO j 

[ STUDIO 
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These new RCA consolette switching systems 

co-ordinate all studio -station functions 

Here's another example of RCA's pro- 
gram of providing "packaged" broad- 
cast equipments having the flexibility 
and performance of custom-built jobs. 

The two Switching Consoles shown, 
in connection with standard RCA Con- 
solettes of identical styling, give you suffi- 

cient latitude to perform intricate AM, 
FM and network programming opera- 
tions-easily, precisely and quickly. 
Choice of model depends upon the 
complexity of your station's operating 
requirements. 

The BCS-1A Console is designed for 

the more elaborate station .... switching 
the outputs of as many as five control 
consolettes to three outgoing lines. Many 
combinations are practicable. Inputs 
from studios, network, recording rooms 
or frequent remotes can be monitored 
and switched to transmitters or network 
lines. Electrically interlocking controls 
have reduced the possibility of switch- 
ing error to the vanishing point. 

Managers of stations requiring only 
two consolettes will find the RCA Type 
BCS-2A Console the ideal switching sys- 
tem. Used with two RCA 76--B4 Conso- 

Type BCS-2A 

Switching System 
Two studio inputs may be 
switched independently to 
either of two outgoing lines. 
Mechanical interlocking pre- 
vents feeding two inputs to same 
line. Handles up to four studios 
and two announce booths. Two 
examples of the layouts possible 
are shown at left. 

lettes, program material from up to four 
studios and two announce booths is 
routed to desired outgoing lines (AM 
and FM, or either transmitter and a 
network line). 

Both types of RCA Switching Systems 
are designed for long-range station plan- 
ning. They have sufficient flexibility to 
take care of future expansion. Complete 
details may be obtained from Engineer- 
ing Products Dept., Section 30-C, Radio 
Corporation of America, Camden, N. J. 

BROADCAST EQUIPMENT 
RADIO CORPORATION of AMERICA 
ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, N.J. 

In Canada: RCA VICTOR Company Limited, Montreal 
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e permanent way 

the patented crimp Ward 

Leonard puts in Ribtlex 

r..sistcnce riabon gives a giea-er 

crea for faster heat dissip]tior. 

Size for size. Ribflex Resistors have 

E5% to 95% greater wattage 

ratiig than ordinary wire -hound 

resistcrs-making them ideal for 

Eoth continuous and intermittent duty. 

Write or Bulletin 19. Ward 

Leonard Electric Co. Mt 

Vernon, N. ". Offices in 

Erircipal cities of U.S.. 

c nd Canada.. 
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DRY-Film 
INSTRUMENT 
LUBRICATION 

DIAMOND -DIE 

WEAR AND WIRE 
LIGHT-SENSITIVE 

BREAKAGE 
CELL 

ELECTRODES 

You can easily eliminate these annoying and costly 
problems in your industry if you will call on "dag" 
for help. 

Many years of experience in the development of 
new uses for "dag99 colloidal graphite have given 
Acheson Colloids Corporation the knowledge. and 
skill to help you solve these and many other trouble- 
some protiiems. There are 18 different dispersions 
of edag1°colloidal graphite, one or more of which 

; `4 

will surely be useful to you. The properties of 
"dag" colloidal graphite are perfectly suited for 
forming electrically conductive films, for coating 
and impregnation, for conduction of heat and elec- 
tri:ity, for resistance to high temperature, and for 
many other purposes. 

Why not send in the coupon below for these fact - 
filled booklets and discover for yourself what ver- 
satile "dag" colloidal graphite can do for you? 

ACHESON COLLOIDS CORPORATION, Port Huron, Michigan 
i 

L 

This new 

1460j 

literature on "dag" colloidal graphite is 

yours for the asking: 

A data and reference booklet regarding " daç " 
colloidal graphite dispersions and their applica- 

lions. 16 pages profusely illustrated. 

Facts about "dag" colloidal graphite 
for ASSEMBLING AND RUNNING -IN 
ENGINES AND MACHINERY. 

L4211 

L422 
1 

14231 

1431 

Facts about "dog" colloidal graphite 
as a PARTING COMPOUND. 

Facts about "dag" colloidal graphite 
as a HIGH TEMPERATURE LUBRICANT. 

Facts about "dag" colloidal gra- 
phIte for IMPREGNATION AND SUR- 
FACE COATINGS. 

432 I 
Fasts about "dag" colloidal graphite in the FIELD r 
CF ELECTRONICS. `-- 

ACHESON COLLOIDS CORPORATION 
PORT HURON, MICHIGAN DEPT. C-5 

Please send me without obligation, a copy of each of the bulletins checked: 

NAME 

POSITION - 

FIRM 

ADDRESS 

ZONE No. 

OUR PRESENT OIL SUPPLIER IS 

STATE. 

(Lubricarkts containing "dag" colloidal graphite are 
available from major oil companies.) 

JMLcoA-(,-1 
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ANNOUNCING 
Centralab's Revolutionary New 
First Commercial Application of 

SO EFFICIENT ... 50 COMPLETE! 
Here is the schematic diagram of Cen- 
tra lab's "Couplate". Note: four soldered 
connections instead of the usual eight 
or nine! 

CI-Coupling Capacitor, .01 
mfd. is standard. 
Ca-Plate R.F. By -Pass Ca- 
pacitor, 250 mmf. ± 20% is 
standard. 
R1-Plate Load Resistor, 250,- 
000 Ohms ± 20% 1/5 watt 
is standard. 
R2- Grid Resistor, 500,000 
Ohms ± 20% 1/5 watt is 
standard. 

Other Vah.e, Available 
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THE "COUPLATE" 
Interstage Coupling Plate .. . 
the Printed Electronic Circuit! 

New Multi -Unit "Couplate" Saves up to Five Soldered 
Connections ... Increases Labor Efficiency 50% . . . 

Assures Fast, Precision Wiring on Interstage Couplings! 

AREVOLUTIONARY as the Multi -Pur- 

pose Tube-that's what electronic en- 

gineers are saying about Centralab's new 

Coup/ate. First commercial application of the 

printed electronic circuit, the Coup/ate marks 

the beginning of a new and greater era in 

electronic design and engineering! 

Now available to manufacturers for the 

first time-Centralab's new Couplate is a com- 

plete interstage coupling circuit which com- 

bines into one compact unit the plate load 

resistor, the grid resistor, the plate by-pass 

capacitor and the coupling capacitor. 

Think of what that means to you in terms 

of time and labor savings in the production 

of electronic equipment! Only four soldered 

connections are now required by the Coup/ate 

instead of the usual eight or nine. That alone 

gives you: 1) increased employee productiv- 

ity, 2) automatic decrease in the percentage 

of wiring errors, 3) important space -saving, 

4) lower cost, more compact, more depend- 

able finished equipment than you've ever been 

able to design and build before! 

Integral Ceramic Construction: Each Cou- 

p/ate is an integral assembly of "Hi -Kap" 

capacitors and resistors closely bonded to a 

steatite ceramic plate and mutually connected 

by means of metallic silver paths "printed" on 

the base plate. All leads are always the same 

length, each plate is an exact duplicate of the 
original or "master". 

Future applications of this "printed" circuit 

principle are almost unlimited. For all the 

facts on how the Coup/ate can simplify your 

production - and cut your costs, write today 
for Bulletin 943! 

LOOK TO CENTRALAB IN 1947! 
First in component research that means lower costs for the electronic 
industry. Before you place your order, get in touch with Centralab! 

DIVISION OF GLOBE -UNION INC., MILWAUKEE, WIS. 
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EA 
585 DEAN STREET BROOKLYN 17, N. Y. 

JOE DAVIDSON 
Jot Davidson & Associates 

P. O. Box 108 
South Gate, Calif. 
Tel, Kimball 7244 

ALLEN I. WILLIAMS, JR. 
230 Cooper Building 

Denver 2, Col. 
Tel Ma. 0343 

M. S. YARRIN 
J & M Appliance Co. 

516 North Field 
Dallas 1, Texas 

Tel: Riverside 9641 

O 
FRANK W. YARLINE 

Frank W. Yarline & Co. 
20 No. Wacker Drive 

Chicago 6, III. 
Tel: State 0347 

GEORGE T. WRIGHT 
19859 Beach Cliff Blvd. 

Cleveland 16, Ohio 
Tel: Boulevard 9554 

O 
H. H. HARRIS 

Harris -Hanson Co. (` 

427 No. Euclid Ave. 
St. Louis 8, Mo. 
Tel: Forest 5841 

WILLIAM HOLLIDAY 
Holliday -Hathaway Sales Co. 

238 Main Street 
Cambridge 42, Mass. 

Tel: Eliot 1751 

H. R. MENEFEE 
Vice Pres. & Sales Mgr. 

Tel: Sterling 3-3406 

E. M. SMITH 
Engineering Soles Co. 

124 No. Montgomery St. 
Trenton 8, N. J. 

Tel: Trenton 9885 

Salesmen fór Eastern Air Devices? 

Yes! But more than that, these E. A. D. representatives, 
thoroughly familiar with the electrical industry, are servicemen as 

well ... willing and able to help you with your motor problems. 

E. A. D., with its vast experience, modern production facilities and skilled workmanship, 

stands ready to serve you with precision motor 
control devices for electrical, electronic and TYPICAL f. mechanical applications our sales and A.D. MOTOR APPLICATIONS 

engineering departments invite your inquiries. 'Air Conditioning 

Air Craft E 
Recorders 

quipment 
Record Changers FAD Control Apparatus 

STERN AIR DEVICES, INC. Radio& Radar Equipment 
Vend isg Machines 
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TYPE HB 2.0 WATT 

TYPE GB 1.0 WATT 
TYPE EB 0.5 WATT o I 

L 1 1 
1'pU 

YI 

,1 ,¡-_3s-Ip sá--woi Doe `- 1x'B--t'z--- IR té- - .°R .zzstPw 
MAX CONTINUOUS RATING AT TA AMR LO WATT OR 1,000 VOLTS RMS. 

S. CONTINUOUS RATING AT rec./me. 0.S WATT ON 310 VOLTS RNS NAT, CONTINUOUS RATING- AT rec. NIS. I.0 WATT ON S00 VOLTS 

OTHERSS *5% AND L 

ALL THE RESISTORS ABOVE ARE AVAILABLE AS STANDARD IN THE R.M.A RESISTANCE VALUES AND TOLERANCES AS INDICATED BY ALLEN -BRADLEY 

éói 

PART 

NUMBERS IN THE FOLLOWING TABULATION. NOTE: CERTAIN VALUES ARE STANDARD ONLY IN 35%TOLERANCE'6C..:.:.:2,:,""I 
nn 

.. ,.. .. ce. 
- 

- 6 00000] ,0066 J,., 

II.VY CO.il011fY 
.006100 

OOrCC11.011. 

o o 
r 4i -r ,; },i --r, .31z 

ALLEN -BRADLEY 
SOLID MOLDED 

FIXED 
RESISTORS 

dimej a diaode Pekieoze eitedd 
for selecting your fixed resistors 

TYPE J BRADLEYOMETERS 
Continuously Adjustable Resistors 

with 2 watt rating and high 
safety factor 

The resistor material is molded with insulation, 
terminals, face plate, and bushing into a one- 
piece unit. It is not a film or paint type resis- 
tor. During manufacture, the resistor material 
is varied throughout its length to provide 
the desired resistance -rotation curve. Once 
molded, the curve does not change. Heat, 
cold, or moisture cannot affect the depend- 
ability of the Type J Bradleyometer. 

This Bradleyunit resistor chart 
is a valuable source of resistor 
information. It lists over 450 re- 
sistors, in accordance with RMA 
standards, part numbers for var- 
ious tolerances, voltage, and 
wattage ratings. Temperature 
characteristics and derating curves 
are also included, as well as di- 
mension diagrams for the i watt, 
1 watt, and 2 watt Bradleyunits. 
We shall be glad to send you a 

copy to fit your 81/2x11 ring binder. 

Bradleyunits will sustain an 
overload of ten times rating for 
several minutes without failing. 
Wax impregnation is unnecessary 
to pass salt water immersion tests. 
The leads, tempered near the re- 
sistor to prevent sharp bends, are 
easily soldered. The honeycomb 
shipping cartons keep the leads 
straight and speed up assembly 
operations. 

Allen-Bradley Co., 
110 W. Greenfield Ave., Milwaukee 4, Wis. 

ALLEN -BR 
FIXED & ADJUSTABLE RA 

QUALITY 

DLEY 
RESISTORS 
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LET BENTLEY, HARRIS WAR -TIME RESEARCH PAY DIVIDENDS FOR YOU TODAY. 

\ s 

geotellame 
N uz 

lelzetaiaiet: 
/3eii- a. 

One of the leading television laboratories 
required a flexible, coated insulation of high 
dielectric strength. They said: "Give us tubing 
that will not react to heat conducted through wire 
.. , will not crack or split when bent ... will 
not fray at the ends." They asked for a sample 
of Ben -Har Special Treated Fiberglas Tubing and 
here is what they found: 

"Ben -Har Special Treated Fiberglas Tubing 
consistently exceeds ASTM specifications for per- 
formance. We are now specifying this 
in our current television production. 

BH 
SL EVl'1GS t' 

*BH Non -Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U. S. Pat. No. 2393530). "Fiberglas" is Reg. TM of Owens-Corning Fiberglas Corp. 

Ben -Har is extremely flexible in comparison 
with lacquer -coated or varnish -coated Fiberglas 
tubings. Can be spread to cover knobs or terminals 
without cracking. Non -fogging. Non -corrosive. 
Now being used in a wide variety of applications 
-from hearing aids to electric motors, from watt- 
hour meters to movie projectors. 

Try Ben -Har Special Treated Fiberglas Tubing 
in your own plant, in your own product-under 

al service conditions. Learn why America's 
ding manufacturers say "never before a tubing 

like Ben -Har." 
TLEY, HARRIS MF . o., CONSHOHOCKEN, PA. 

USE COUPON NOW 
Bentley, Harris Mfg. Co., Dept. E-8, Conshohocken, Pa. 

I am interested in Ben -Har Special Treated Fiberglas Tubing for 
(size) (product) 

operating at temperatures of °F at _volts. Send samples so I can see for mysélf 

how Ben -Har will not crack in a bend, will not support combustion. 

NAME COMPANY 

ADDRESS 

32 

Send samples, pamphlet and prices 

on other BH Products as follows: 

L] Cotton -base Sleeving and Tubing 

Non -fraying Fiberglas Sleeving 
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for broadcast, 
communications, 
and other work 

... better built for 
more hours of 

topgrade performance! 

RATINGS 

Cathode voltage 
current 

Typical heating tir-ie 
Anode peak inverse voltage 

peak current 
avg current 

GL -8008 
5 v 
7.5 amp 
30 sec 
10,000 v 
5 amp 
1.25 amp 

GL -673 
5 v 
10 amp 
30 sec 
15,000 v 
6 amp 
1.5 amp 

Heavy-duty bases, with large pin -con- 
tact area, are one of many features 
that give these mercury-vapor phano- 
trons the dependability needed for 
24 -hour broadcast -station use-extra 
reliability for police -radio, aviation, 
and other exacting communications 
work-the steady efficiency required 
to convert power for small d -c indus- 
trial equipment operating on full 
schedule. 

Minimum temperature rise is an espe- 
cially valuable characteristic of Types 
GL -8008 and GL -673. Installation of 
these tubes reduces the cooling prob- 
lem for broadcast -station and factory 
engineers. 

Less mounting space needed ... this is 
an important result of the straight - 
side envelope design in contrast to 
the bulb shape of older types. Main- 
tenance men, too, report that the 

straight -side contour make! Types 
GL -8008 and GL -673 easier to han- 
dle, and helps ward off accidental 
tube breakage. 

Sturdy, shock -resistant ... these qual- 
ities stem from the modern s-ructural 
design of the GL -8008 and GL-673- 
their strongly braced cathodes, and 
their nickel anodes which, lighter in 
weight than others, put less strain on 
the seal above them, enabwiing the 
latter to withstand shocks and vibra- 
tion better. 

General Electric builds a complete line 
of phanotron rectifier tubes -15 types 
in all, matching every broadcasting, 
communications, or industrial need. 
Your nearby G -E tube distributor or 
dealer will be glad to give you prices 
and full details. Phone him today! 
ElectronicsDepartment,General Electric 
Company, Schenectady 5, N. Y. 

GL -673 

IIT 

w Transmitting Tube Manual 
st complete book in its field! 
illustrated; packed with ap- 
data. Over 600 large pages. 
with an annual service charge 

new and revised pages to 
manual up-to-date. Order 

m General Electric Company. 

GENERAL ELECTRIC 
FIRST AND GREATEST NAME IN ELECTRONICS 
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EXCEPTIONALLY SMALL AND COMPACT 
YET EXTREMELY RUGGED! 

R -B -M announces a new line of general purpose magnetic relays, with either 
A.C. or D.C. shunt coils or series coils, for electronic applications. 

Relays are available in standard contact arrangement of single and two pole 
normally open, normally closed; or double throw with light and heavy contacts. 
Four and six pole double throw relays are available with 3 ampere contacts at 
32 volts or less. 

Insert shows two pole, double throw contactor rated 13 amperes, 115 volts, A.C., 
and 6.5 amperes at 230 volts, A.C. This relay is designed in accordance with Un- 
derwriters' specifications and will ultimately carry Underwriters' Approval for 
Small Devices classification. 
For further information 
write for Bulletin 570. Ad- 
dress Department A-3 .. . 

R -B -M 
E s s 

DIVISION 
EX WIRE CORPORATIO 
Logansport, Indiana 

N 

MANUAL AND MAGNETIC ELECTRIC CONTRO - 
AUTOMOTIVE, INDUSTRIAL, COMMUNICATION AND 1ECTROIIC USE 
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* RICHARDSON MEANS vdide IN PLASTICS 

se diets t'heevsh r s theea ess, 
Is where 

This is the bath in resin ... the 

saturation that sets the pace for other things 

to come. If the control is good ... and we make sure it 

is at Richardson ... your Laminated INSUROK 

sheets, rods and tubes are well on their way to perfection. 

This is as it should be. And maybe this Richardson 

brand of determination is what has helped us to develop, among 

many others, Laminated INSUROK T-725. This grade 

has uniformly low moisture absorption and high insulation resistance 

under humid conditions. With proper technique, intricate 

parts can be successfully fabricated. Get 

the full story. It's interesting! 

INSUROK Peece4"0« PeQQeeCd 

7 e RICHARDSON COMPANY 
Soles Headquerîers: MELROSE PARK, ILL. FOUNDED 1858 LOCKLAND, CINCINNATI 15, OHIO 

NEW YORK 6, 75 WEST STREET ROCHESTER 4, N. Y., 1031 SIBLEY TOWERS BLDG. 

PHILADELPHIA 40, PA., 3728 NO. BROAD STREET Soles Offices MILWAUKEE 3, WIS., 743 NO. FOURTH STREET 

CLEVELAND 15, OHIO, 326-7 PLYMOUTH BLDG. DETROIT 2, MICH., 6-252 G. M. BLDG.. ST. LOUIS 12, MO., 5579 PERSHING AVENUE 
Factories: MELROSE PARK, ILL. NEW BRUNSWICK, N. J. INDIANAPOLIS, IND. 

*RESEARCH 
.., a continuous transfor- 
mation of possibilities into 
practical ideas in plastics. 

*DESIGNING 
. Artistic visualization. 

Creative engineering. 
Practical plann;ng for 
efficient plastics production. 

* PRODUCTION 
. Complete machine shop 

facilities for manufacturing 
our own dies, molds, tools. 

* MOLDING 
... Rubber and bitumi- 
nous plastics; and synthetic 
resin plastics ... Beetle, 
Bakelite. Durez, etc. 

* FABRICATING 
Complete equipment for 

drilling, punching, saw- 
ing, turning, milling, etc. 
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ßV1 Xenon 
r ail on ' J RANGE 

OF 

FOR A W IDE 

AMBIENT 
TEMPERATURE 

CHATHAM 

5591 
.. requires no 

heater, blower 
or thermostat to 

regulate bulb 
temperature! 

11 3B28 XENON HALF -WAVE 
RECTIFIER 

Maximum Ratings: 
PEAK INVERSE ANODE VOLTAGE 
10,000 VOLTS 

AVER. ANODE CURRENT .25 AMPS 

PEAK ANODE CURRENT 1.0 AMP 
AMB. TEMP. RANGE -55°C to +90°C 

i 

4632 XENON HALF -WAVE 
RECTIFIER 

Maximum Ratings: 
PEAK INVERSE ANODE VOLTAGE 
10,000 VOLTS 

AVER. ANODE CURRENT 1.25 AMPS 
PEAK ANODE CURRENT 5.0 AMPS 
AMB. TEMP, RANGE -55°C to +90°C 

MAXIMUM RATINGS: 

PEAK FORWARD ANODL VOLTAGE: 
2500 VOLTS 

VERSE ANODE VOLTAGE: 
5000 VOLTS 

AVERAGE ANODE CURRENT: 
0.5 AMPERES 

PEAK ANODE CURRENT: 
2.0 AMPERES 

FILAMENT VOLTAGE: 
A 2.5 VOLT,.., 

FILAMENT CURRENT: 
5.0 AMPERES 

llll 
AVERAGE CONTROL - 

CHARACTERISTICS 
E,-23 VOLTS - 

- D -8 -6 -4 -2 
CONTROL GRID VOLTS (DC) 

o 

2500 

2000 

1500 e 

'000 

WRITE FOR CATALOG 

Type 5594, an exclusive development of CHATHAM 
ELECTRONICS, is an Xenon filled thyratron with 
characteristics suitable for diversified applications. Xenon 
gas eliminates the need for auxiliary equipment to main- 
tain bulb temperatures and also removes most of the 
limitations usually associated with mercury vapor recti- 
fiers. The 5594 operates through an ambient tempera- 
ture range of from 55° C. to +90° C. For complete 
information on this tube or any other in the complete 
line of CHATHAM rectifiers and thyratrons, call or 
write today; there is no obligation. 

CHATHAM ELECTRONICS 
47S WASHINGTON ST., NEWARK 2, NEW JERSEY 
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The famous Model 80 Even Speed Alli- 
ance Phonomotor operating on 110 or 
200 volts is made for 40, 50 or 60 
cycles, 16 watts input, 78 RPM. It has no 
gears-runs at an even speed-has a 

smooth, quiet, positive friction -rim drive. 
Amply proportioned bearings with large 
oil reservoirs assure long life. A slip -type 
fan gives cool operation-avoids any 
possible injury. 

The Alliance Model K Phonomotor, a 25 
cycle companion to the Model 80, oper- 
ates on 110 volts, 25 cycles at 12 watt 
input. Motor and idler plate on Alliance 
phonomotors are all shock mounted to 
the cabinet mounting plate, to minimize 
vibration. 

WHEN YOU DESIGN -KEEP 

a 

g COMPEt1ilON 

dance 
ices 

Drive your products to market 
- use Alliance Motors to drive vital component 

parts. Big advantages for the Alliance Powr-Pakt 

line are compactness, light weight, versatile perform- 

ance characteristics, and mass production at low cost. 

Alliance Powr-Pakt Motors are rated from less than 

1/400th h. p. on up to 1/20th h. p. They'll supply just 

the right amount of power at strategic points to impart 

automatic action, instant control and greater usefulness 

for your products and processes. 

ALLIANCE MANUFACTURING COMPANY 

MOTORS IN MIND 

ALLIANCE, OHIO 
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Sill/Eli 
SOLDERS 

SPEED ECONOMY DURABILITY 

The D. E. Makepeace Company has long 
pioneered in the development of silver 
solders. With more than a half century of 
accumulated experience behind us, we have, 
today, developed a variety of silver -brazing 
alloys to meet practically every industrial 
requirement. 

These solders flow easily, penetrate 
deeply and diffuse evenly. The joints so 

affected are stronger, in most instances, than 
the parts joined and the junction is durable, 
ductile, leakproof, corrosion resistant, and 
high in electrical and thermal conductivity. 

Today, preplaced solder rings or solder 
washers and induction heating are revolu- 
eonizing former soldering methods. Like- 

wise, modern alloys and light gauge metals, 
likely to be damaged by high temperature 
brazing or welding, have been particularly 
aided by the use of our low temperature, 
fast spreading silver solders. 

Should you have a special soldering or 
brazing ploblem, our fully equipped re- 
search and testing laboratory is at your 
service. Our informative folder listing pre- 
cious metal solders, with helpful melting and 
flow -point tables, will be sent you upon 
request. 

'START 
1 

) 
RIGHT / - PRODUCTS 

11 With _ / SHEETS WIRE TUBING SOLDERS FABRICATED PARTS AND ASSEMBLIES N`/0 
D. E. MAKEPEACE COMPANY 

Main Office and Plant, Attleboro, Massachusetts 
NEW YORK OFFICE, 30 CHURCH ST. CHICAGO OFFICE, 55 EAST WASHINGTON ST., 
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put ourselves 

into our work... 

Skilled workmen always take great pride and 

satisfaction in performing effort that creates 

extra touches of quality. 

We are fortunate in the high calibre of 
craftsmen who serve our organization. Here 

are men who like their work and who approach 
each new project with enthusiasm and confi- 

dence ... who are forever working out new and 
ingenious methods of doing something a 

bit better. 

Time and time again keen minds and 
skilled hands in our plant have licked that 
familiar old bugaboo, "It can't be done" 
by figuring out ways to do the unusual or 
the "impossible." 

Have you a tough problem in sheet metal? 

We may have the solution waiting for you. Let 

us quote on your cabinets, housings, chassis, 

racks, boxes and enclosures-however unusual 
the design. 

Write for our new catalog. Visit us at Booth 62, 

I. R. E. Show. 

Karp METAL PRODUCTS CO., INC. 
. (eti44 Wit/xi/me/1in Yiwe eJ1e411.. 

124 - 30th STREET, BROOKLYN 32, NEW YORK 
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MOUNTING PR 

TRIO OF 
LITTELFUSE "FIRSTS" 

IN FUSES ... 

QUICK -ACTING 3AG Littelfuses for low 
time-lag applications. Elements of fraction- 
al amperage fuses are protective coated to 
prevent oxidization, and promote a clean 
break. 

These Littelfuse 3AG fuse mountings offer sharply increased safety 
and convenience. Typical of the complete Littelfuse line of fuses, 
mountings and accessories, they represent smooth coordination of 
sound engineering and original thinking. This assures effective cir- 
cuit protection and lasting satisfaction. 

LITTELFUSE 3AG EXTRACTOR POSTS eliminate unsightly exterior fuse clips 
on appliances, equipment or instruments. The fuse is held in the end 
of the removable knob. Unscrew it, and the fuse is safely changed 
without irritating inconvenience. Their dead front construction pre- 
vents accidental electrical shocks. Extractor Posts are easy to install. 
They conserve space in panel layouts-can be ganged in rows with 
a common bus. 

Littelfuse 3AG Extractor Posts are available in finger -operated types 
with and without 31/2" flexible cord or "keep chain," and in a 
screwdriver type. 

STEEL -COVERED 3AG SIZE FUSE MOUNTINGS prevent accidental damage to 
fuses, prevent injury by exposed terminals. Available with conven- 
ient hinged cover in single and double pole types, and in single pole 
and spare fuse holder combinations, these mountings all have fatigue - 
resistant nickel plated phosphor bronze clips. A double -pole type 
with removable non -hinged cover also is offered. 

Both types meet Underwriters' requirements, and solve your fuse - 
mounting problems with thrift and efficiency. Send for your new 
Littelfuse catalog number 9 today! 

SLO-BLO 3AG Littelfuses have high time- 
lag to withstand heavy surges-quick on 
shorts. Anti -fatigue construction. In 1/100 
to 20 amp. ratings. 

c.RCUIr p 

'TINY -MIGHTY" 3AB Littelfuses are bakelite- 
enclosed, arc -quenching, powder -filled fuses. In 
10, 12, and 15 amp. ratings. The smallest Un- 
derwriters Laboratories approved fuses in rat- 
ings this high. 

Or L;: 
LITTE LFUSE eceeetad 

4781 EAST RAVENSWOOD AVE. CHICAGO 40, U.S.A. 

IIITETLITE SWITCH LITE IGNITION FRITZ NEON INDICATORS SWITCHES CIRCUIT BREAKERS FUSES. MOUNTINGS AND ACCESSORIES 
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FRA[TI041 't Oft 

1 WHY YOU SHOULD LET G -S 

'` MAKE YOUR SMALL GEARS 

SMOOTHER, better performance and longer life zF aracterize the Small Gears 
we male. They give added dependabr'ity to the devices in. wh_ch they are used. 
The superior advantages of G -S Small Gears are the resuk of more than a 

quarter center- of specialization .. years of developing men. materials and ma- 
chinery to .t ei- present high degree of efficiency. Here, the beat possible solutions 
to your small gear problems can be determined by our skilled engineers. Specifi- 
cations and production procedures, however exacting, will be established and 
carried out quickly and at moderate cost Discuss your needs with a G -S Small 
Gear Specialist. Get suggestions, ideas, and cost estimates. This friendly service 
doesn't obligate you at all. 

The G -S Cal slog Bulletin describes 
many different types and applica- 
tions of G -S Small Gears. Please ask 
for a copy on company stationery. 

e S ialties p 
Spurs Spirals Hellcats levels , Internals Worm Gerie% Rv Thread' 

2635 WEST MEDILL AVENUE Ci`*! v .:4c, 17-. 

WOLFS LARGEST EXCLUSIVE MANUFACTURERS OF FRA.,L,ONAL HORSEPOWER GEARS 
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1. Typ e C dual section 

capacitor 

2,3. No. 124-212 sockets 

for 833 tubes 

4,5. No. 104-251 flexible 
couplings 

6. Type D dual section 

capacitor 

7-12. Steatite cone insula- 

tors and lead-in bushings 

13. Type C dual section 

capacitor 

14. No. 204-101-2 Vari- 
able inductor 

cud Laectio9969D 
ee osi Ze$ueat 

You're invited to judge us by the company we keep because you'll 
find JOHNSON components behind the best names on transmitters. 
That's the new advanced RAYTHEON i KW AM Transmitter above -- a 
beauty inside and out. And, if you judge this transmitter by the company 
it keeps, you'll know that quality came before all other considerations in 
the selection of components. That's why Raytheon points with pride to 
Modern components, operated at well below their maximum ratings ..." 

Fourteen of these "modern components" are identified in the interior view 
above and listed to the left. They're the finest money can buy in variable 
capacitors and inductors, insulated couplings, tube sockets, and radio fre- 
quency insulators. All bear the Viking Head symbol of JOHNSON quality. 
You'll find it in equipment where quality is more than a claim --- where 
there's a reputation to maintain. Look for it if you're an electronic equip- 
ment buyer; insist- on it if you're an electronic equipment manufacturer. 

JOHNSON PRODUCTS INCLUDE 

Transmitting Capacitors Inductors Tube Sockets R. F. Chokes Q Antennas Insulators Connectors 

Plugs and Jacks Hardware Pilot and Dial Lights Broadcast Components Directional Antenna Equipment 
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The full Revere facilities, including the 
Revere Technical Advisory Service, are 
made available to you through the 
Offices listed here. 

In addition Revere Distributors in all 
parts of the country are eager to serve 
you. 

REt'ERE 
COPPER AND BRASS INCORPORATED 

Founded by Paul Revere in 1801 

230 Park Avenue, New York 17, New York 
Mills: Baltimore, .%td.; Chicago, 111.; Detroit, ttich.; New 
Bedford, Mass.; Rome, N.Y.-Sales Vices in Priacipa/Cities, 

Distributors Everywhere. 

DIVISION OFFICES AND MILLS 

BALTIMORE DIVISION 
P. O. Box 2075 
1301 Wicomico Street 
Baltimore 3, Md. 
Phone: Gilmor 0222 
Teletype: BA 164 

MICHIGAN DIVISION 
5851 West Jefferson Avenue 
Detroit 9, Mich. 
Phone: Vinewood 1-7350 
Teletype: DE 237 

ROME DIVISION 
Rome, New York 
Phone: Rome 2000 
Teletype: ROME N Y 447 

MAGNESIUM -ALUMINUM DIVISION 
P. O. Box 2075 
1301 Wicomico Street 
Baltimore 3, Md. 
Phone: Gilmor 0222 
Teletype: BA 164 

DALLAS DIVISION 
2200 No. Natchez Avenue 
Chicago 35, III. 
Phone: Merrimac 2600 
Teletype: CG 957 

NEW BEDFORD DIVISION 
24 North Front Street 
New Bedford, Mass. 
Phone: New Bedford 8-5601 
Teletype: NB 87 

CHICAGO MANUFACTURING 
DIVISION 
2200 No. Natchez Avenue 
Chicago 35, III. 
Phone: Merrimac 2600 
Teletype: CG 957 

ROME MANUFACTURING 
COMPANY DIVISION 
Rome, New York 
Phone: Rome 2800 
Teletype: ROME N Y 449 

AT YOUR SERVICE 

DISTRICT SALES OFFICES 
At above Mill Points and in the following cities 

ATLANTA 3, GA. 
Rhodes -Haverty Bldg. 
Phone: Main 2142 
Teletype: AT 96 

BOSTON 10, MASS. 
140 Federal Street 
Phone: Hubbard 7190 

BUFFALO 7, N. Y. 
1807 Elmwood Avenue 
Phone: Delaware 7616 

CINCINNATI 2, OHIO 
Carew Tower 
Phone: Main 0130 
Teletype: CI 171 

CLEVELAND 15, OHIO 
Midland Bldg. 
Phone: Cherry 3930 
Teletype: CV 572 

DALLAS 1, TEXAS 
Tower Petroleum Bldg. 
Phone: Central 8681 
Teletype: DL 88 

DAYTON 2, OHIO 
Mutual Home Bldg. 
Phones: Hemlock 3271 & 8921 
Teletype: DY 107 

GRAND RAPIDS 2, MICH. 
Keeler Building 
Phone: Grand Rapids 9-3301 
Teletype: GR 376 

HARTFORD 3, CONN. 
410 Asylum Street 
Phone: Hartford 7-8174 
Teletype: HF 87 

HOUSTON 2, TEXAS 
Mellie Esperson Bldg. 
Phone: Fairfax 7932 

INDIANAPOLIS 4, IND. 
Circle Tower 
Phone: Riley 1322 

LOS ANGELES 15, CALIF. 
714 W. Olympic Blvd. 
Phone: Richmond 9314 

MILWAUKEE 2, WIS. 
626 E. Wisconsin Avenue 
Phone: Marquette 1440 
Teletype: MI 292 

MINNEAPOLIS 2, MINN. 
Metropolitan Bldg. 
Phone: Atlantic 3285 

NEW YORK 17, N. Y. 
New York Central Bldg. 
75 East 45th Street 
Phone: MUrray Hill 9-6800 
Teletype: NY 1-1222 

PHILADELPHIA 3, PA. 
Sixteen Sixteen Walnut St. Bldg. 
Phone: Pennypacker 5-6133 
Teletype: PH 206 

PITTSBURGH 19, PA. 
Gulf Bldg. 
Phone: Court 4342 
Teletype: PG 572 

PROVIDENCE 3, R. I. 
Industrial Trust Bldg. 
Phone: Gaspee 8110 

ST. LOUIS 8, MO. 
3908 Olive Street 
Phone: Newstead 0300 
Teletype: SL 191 

SAN FRANCISCO 4, CALIF. 
Russ Bldg. 
Phone: Sutter 0282 

SEATTLE 1, WASH. 
1331 Third Avenue 
Phone: Main 8372 

10-1-46 
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SEAMLESS MOLYBDENUM TUBING 
99.9 % PURE 

Now Available in Commercial Quantities 
IN ALL DIAMETERS UP TO 0.5" 

BRIEF SPECIFICATIONS 

Purity: 99.9% pure molybdenum 
Other Qualities: 
Callite Tungsten molybdenum tubing is readily 
machinable; can be worked and shaped within 
reasonable tolerances; welds to iron, nickel and 
similar materials; will not react with hydrofluoric 
acid and hot aqueous solutions of sodium and 
potassium hydroxide. Moly tubing will also with- 
stand high tensile stresses at elevated tempera- 
tures when sustained in a protective atmosphere. 
SPECIFIC GRAVITY 10.2 

MELTING POINT 2,620° C. 

TENSILE STRENGTH From 180,000-250,000 psi, 
depending upon diameter 
HARDNESS 160-185 Brinnell (10 mm. ball 3,000 
Kg. load) 
THERMAL EXPANSION 25° to 500° C. 
(4.7-5.7) x 10 ` per °C. 
THERMAL CONDUCTIVITY 1.46 watts per cm/°C. 
at 20° C. 

SIZES - Now being produced in diameters up to 

.500". Other diameters to specifications. Avail- 
able in lengths up to 9.0". 

O.D. AND I.D. FOR VARIOUS SIZES 

Outside 
Diameter 

Inside 
Diameter 

Outside 
Diameter 

Inside 
Diameter 

.500" .290" to .295" .140" .077" to .079" 

.427" .257" to .262" .110" .062" to .064" 
.375" .220" to .225" .090" .051" to .053" 
.312" .182" to .187" .075" .041" to .043" 
.250" .142" to .147" .060" .033" to .035" 
.187" .104" to .107" .050" .027" to .029" 

.040" .022" to .023" 

Callite engineers have developed - and can now produce in 

commercial quantities - seamless molybdenum tubing. To the 
best of our knowledge, this is the first time that seamless 

moly tubing has been made available on a production basis. 

All of our experience convinces us that this new development 
has any number of applications in the field of electrical and 
electronic manufacture. 

May we consult with you? Samples available, Write: Gallito 

Tungsten Corporation, Union City, New Jersey. Branch offices 

in Chicago and Cleveland. 

MOLY TUBING 

ELECTRONICS - March, 1997 43 

www.americanradiohistory.com

www.americanradiohistory.com


CLARE RELAYS 

Help Provide Accurate and 

Dependable Operation for 
RAYTHEON Electronic Welding Contro 

Resistance welding is speeded up 
by this new Raytheon Electronic. Syn- 
chronous Control. Spot, seam or pul- 
sation timing are also provided,from 
the same cabinet. 

Clare Relays were chosen by Raytheon 
Manufacturing Company of Wa_tham, 
Mass., for this new modern unit be- 
cause of their accurate, efficient and 
dependable operation. Clare com- 
pact, clean-cut design met Ra .theon 
demands that all components contrib- 
ute to the ease and convenience of use, 
the flexibility of application and 
streamlined appearance. 

Four Clare Type "C" d.c. Relays and 
one Clare Type "A" a.c. Relay, shown 

in this drawer type se- 
quence timer, are supplied 
by Clare with coil wind- 
ings, contacts and all spe- 
cial adjustments to meet ex- 
actRaytheon requirements. 

This use of standard Clare Relays 
with modifications to meet the job at 
hand is what we mean by Clare "cus- 
tom -building." It is available to you 
for your unusual relay requirements. 
Expert Clare sales engineers are lo- 
cated in principal cities. Let us know 
your problem. Address: C. P. Clare & 

Co , 4719 West Sunnyside Avenue, 
Chicago 30, Illinois. (In Canada: 
Cazadiar_ Line Materials Ltd., Toronto 
13. Cable Address: CLARELAY. 

CLAR 

Illust-a-ion shows use of 
Clare Felays in Raytheon 
Synchronous Cont-ol Caziiet 

RELAYS 
"Custom -Built" Multiple Con act Relays for Electrical and Industrial Use 
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THE NEW :' (gMPNFNOIi `GROUND PLANE ANTENNA 

Efficient VHF radio communications is a must in modern railroading. Used to 
expedite freight and express service, i- is cutting hours from schedules, 
and eliminating waste time and money in switching operations. 

Designed principally for use in the 152-162 me band by railroads for 
"train -to -fixed -station" and "end -to -end" communications, the new Ground Plane Antenna 
illustrated is foremost among many new VHF radio components and 
accessories perfected by Amphenol engineers. 

Providing maximum power radiation at low initial cost, this extremely rugged 
antenna consistently out -performs other antennas under normal and extreme conditions. It is 
easily and quickly installed, and has been thoroughly tested in main -line railroad installations. 

Danger from lightning or contact with power lines is eliminated, as 
this antenna is at ground potential. The nature of its rcrrliction pattern 
insures uninterrupted service during sharp "U" or "S" T u_r_s. 

1 The Amphenol Ground Plane Antenna is clsc widely used by police and fire 
1 departments, by forestry, geophysical, power and petroleum field crews, for mobile \ marine installations, and many others. It is available w7th ground Plane Skirt, as shown, 

1 for installations where a large metallic mounting surfcie is not av unable. 
Write today for complete technical data on the Ground Plane Antenna, or for 

Y engineering aid in solving your VHF radio communications problems_ 

' \OG AMERICAN PHENOLIC CORPORATIIN 
CHICAGO 50, ILLINOIS 

_ COAXAL CABLES_AND CONNECIOIS INDUSTRIAL CONN[CIOIS._IIITINGS AND CONDUIT ANTENNLS. r 1,AD1O.C.011111 ENIS PLASIICS.F.OR ELECTRONICS 
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New Printing, ' nd Edition Now Ready! 
"REFERENCE DA A for RADIO ENGINEERS" 

"A`must'foranybody in the communications indust 
ALLEN B. DU MONT, PRESIDENT, ALLEN B. DU MONT LAB 

TORIES, INC. "Certain to meet with universal acct 
from all technical people." F. L. ANKENBRAN 

BRIG. GEN., U. S. ARMY. 

RA- 

int 

T, 

Enlarged from a First Edition of 200 pages to a Seconr' Edi- 
tion of 336 pages, with over 400 charts and diagrams, it akes 
available quickly the answers to problems that normall arise 
in practical radio work. In addition to 50,000 of the First 
Edition sold, the 1st Printing of the Second Edition of 2 ,000 
is already exhausted. This Second Edition with its ealth 
of new material has evoked most favorable comments from 
practicing radio engineers, educators, and communie,tion 
experts. For instance, here arc a few: 

"Indispensable to radio engineers and technicians."-DR. EE DE 

FOREST. "Should be in the library of every radio enginr."- 
W. L. EVERITT, U. OF ILL. "Covers complete field of radio engi- 
neering.' -TO\I C. RIVES, BRIG. GEN., U. S. A. "Ifelpfu addi- 
tion to library of active radio engineer."-DR. ALFRED N. OLD - 

SMITH. "Non -theoretical material which a practicing radio 
engineer needs on top of his desk continually."-xet5R H riser, 
EDITOR, ELECTRONICS. "trill be a very bandy and valtta,le aid 
to the radio engineer."-EDw IN H. ARMSTRONG, COL. SIRIO 

UNIVERSITY. "Radio en gi neers should find it an extremely iseful 
addition to their libraries."-L. C. F. HORLE, CHIEF ENGI EER, 

RADIO MANUFACTURERS' ASSOCIATION. "First stop fo most 
radio engineers its any search for design data in the comm nico- 
tion field."-RALPH BATCHER, EDITOR, ELECTRONIC ENGINI ERS. 

The new, Second Edition of "Reference Data for adio 
Engineers" in green cloth binding, revised and enlarg:d to 
include much new data developed during the war, is rea y- 
in a new printing, just completed. Many purchasers . ave 
taken advantage of the low quantity price for group orders of 
12 or more. To order any number, merely fill in the con- 
venient coupon. 

PRICE 
$2 

(In lots of 12 or more, $1.60 each) 

Federal Telephone and Radio Corporation 

Publication Department, 67 Broad Street, New York 4, N. Y. 

PARTIAL OUTLINE OF CONTENTS 

General Information. Conversion Fac- 
tors, Greek Alphabet. Electromotive 
Force-Series of the Elements, Position 
of Metals ill the Galvanic Series, Rela- 
tive Humidity. Weather Data, Power 
Supplies in Foreign Countries, World 
Time Chart, Radio Frequency Charts, 
Frequency Band Widths Occupied by 
Emissions, Tolerances for the Intensity 
of Harmonics of Fixed, Land, and Broad- 
casting Stations, Classifications of Emis- 

sions, Decibels. 
Engineering and Material Data, Wire 
Tables. Insulating Materials, Plastics, 
Trade Names, Wind Velocities and Pres- 
sure, Temperature Chart of Healed Met- 
als, Physical Constants of Various Alloys 
and Metals. Thermocouples. Melting 
Points of Solder. Spark Gap Voltages, 
Head of Water in Feet, Approximate 
Discharge Rate, Materials and Finishes 
for Tropical, Marine Use, Torque and 
Horsepower. 
Audio and Radio Design. Resistor and 
Capacitor - color codes, Inductance of 
Single -Layer Solenoids, Magnet Wire 
Data, Reactance Charts. Impedance For- 
mulas. Skin Effect. Network Theorems, 
Circuits, Attenuators, Filters. 
Rectifiers and Filters. Typical Rectifier 
Circuit Data, Rectifier Filter Design. 

Iron -Core Transformers and Reactors. 
Major Types, Temperature, Humidity, 
Pressure Effects. General Limitations, 
Design of Power -Supply Transformers. 
Vacuum Tubes. Formulas- Performance' 
Limitations, Electrode Dissipation Data, 
Filament Characteristics, Ultra -High - 

Frequency Tubes, Cathode -Ray Tubes, 
Preferred Radio Electron Tubes. 
Vacuum Tube Amplifiers. Graphical De- 

ign Methods, Classification of Amplifier 
Circuits, Cathode Follower Data, Resist. 

ace -Coupled Audio Amplifier Design. 
Negative Feedback, Distortion. 
Room Acoustics. Good Room Acoustics, 
Optimum Reverberation Time, Compu- 
tation of Reverberation Time, Electrical 
Power Levels Required for Public Ad- 
dress Requirements. 
Wire Transmission. Telephone Trans- 
mission Line Data, Frequency Alloca- 
tion Charts, Noise Measurement-Wire 
Telephony, Telegraph Data. 
Radio -Frequency Transmission Lines. 
Attenuation Due to Mismatch on Trans- 
mission Lines. Impedance Matching with 
Shorted Stub, Open Stub, and Coupled 
Sections. Army -Navy List of R -F Cables, 
Attenuation of Standard R -F Cables, Re 
sistance of Transmission Lines at Ultra - 
High Frequencies. 
Wave Guides and Resonators. Propaga- 
tion of Electromagnetic Waves in Hollow 
Wave Guides, Rectangular Race Guides, 
Circular Wave Guides. Electromagnetic 
lforns, Resonant Cavities. 
Radio Propagation and Noise. Propa- 
gation of Long, Medium. and Fi cry Short 
Waves. Great Circle Calculations, Time 
Interval Between 'rransmissipn and Re- 
ception of Reflected Signal, Radio Nuise 
and Noise Measurement. 
Antennas. Field intensity from Elemen- 
tary Dipole, from Vertically Polarized 
Antenna with Base Close to Ground, 
Vertical Radiators. Field Intensity and 
Radiated Power from a Half -Wave Di- 
pole in Free Space, Radiation from End - 

Fed Conductor of Any Length, Maxima 
and Minima of Radiation. 
Non -Sinusoidal Wave Forms. Relaxa- 
tion Oscillators, Electronic Integration 
and Differentiation Methods, Fourier 
Analysis of Recurrent Wave Forms, 
Analysis of Common Wave Forms. 

Use This Coupon - Order Your Copy Note! 

Federal Telephone and Radio Corporation 
Publication Dept. All, 67 Broad Street 
New Pork 1, N. Y. 

( ) I enclose dollars, for which send me 

..pS at $2.00 per copy.* 

NAME 

ADDRESS 

CITY ZONE STATE 

*Far 12 or more copies. scot to a single address. the price per copy is $1.60. 
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THE -*VITAL LINK IN EVERY 

WILCO CONTACTS 
TAe)'Ieep tie power WILCO PRODUCTS INCLUDE: 

CONTACTS 
Silver - Platinum - Tungsten - Alloys 
Sintered Powder Metal 

THERMOSTATIC BIMETAL 
All temperature ranges, deflection 
rates and electrical resistivities. 

SAVER CLAD STEEL 
JACKETED WIRE 

Silver on Steel, Copper, Invar or 
other combinations requested. 

ROLLED GOLD PLATE AND WIRE 

NI -SPAN C* 
New Constant Modulus Alloy 

SPECIAL MATERIALS 

* Reg. Trade Mark. The International Nickel Co.. Inc. 

SPECIALISTS FOR 30 YEARS IN THE MANUFACTURE OF 

In applications where life itself may be involved, as well as in 
every -day industrial applications, WVLCO CONTACTS assure a 
steady, uninterrup'ed flow of power. WILCO CONTACTS 
function dependably ¡n every range of frequency operations 
by bringing to each operation requisite ductility, hardness, 
density, freedom from sticking, low metal transfer, high 
conductivity and arc -resistance. 

You, too, can depend on WILCO CONTACTS to keep the 
power flowing in your products through the matchless qualities 
provided by exclusive WILCO processes. WILCO engineers 
will gladly help you select from a great variety of available 
WILCO contact materials the particular contacts suited to your 
needs-or develop new alloys for special purposes. 

THE H. A. WILSON COMPANY 
105 Chestnut Street, Newark 5, N. J. Branch Offices Chicago, Detroit, Los Angeles, Providence 

THERMOMETALS ELECTRICAL CONTACTS PRECIOUS METAL BIMETALLIC PRODUCTS 
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-designed to fill your 
exact requirements 

Chicago Transformer's engineering and manu- 
facturing facilities are now available to design 
and build wave filters on quantity orders. Any 
specific filter problem within the range gov- 
erned by commercial limits in condensers is 
welcomed. 

Known for their sharp discrimination, and 
for delivering maximum output, compact and 
efficient C. T. filters are recognized as leaders. 
Salient feature of C. T. filter engineering is the 
use of toroid coils wound on powdered nickel 
alloy cores. Their characteristic small size, low 
loss, and ease of balancing with capacitors 
assure superior performance with unusual 
compactness. 

Mounting the units in drawn steel cases, 
using C. T: s Sealed in Steel construction, as- 
sures effective shielding and long-lasting e- 
pendability. 

For prompt attention, write Chicago Tr ns- 
former today outlining the specifications ou 
are interested in obtaining. 

r'' .16.54 

1 
a e 

gee «Ie'g°u 
.,rect 

CHICAGO liAiTFORMER 

Y:djiical °xamAle 97 
C. T. FILTER DESIGN 

BAND PASS FILTER. Mid -band fre- 
quency 355C cycles. Low frequency 
cut-off at 3160 cycles, high fre- 
quency cut-off at 3990 cycles. 
Nominal impedance of 600 ohms. 
Attenuation 40 DB at 3110 cycles 
and 4080 cy_1es. Case dimensions, 
4.3" x 3.e" c 3.3". 

m 

o 

,t 

ï I 
CYCLES 

sa. 
""t 

1 

a limited 
time 

1 

I 

Available {0' COILS 1 `$ 
1 

'1011010 specification 
wound 

to Sp 
are highly 0m- 1 

set toroüd 
coila 

choke applications, 
as 

cleat in 
Come elt 

well as infwave nsformer's torolters.id 
c 

ll 
en 

1 

from those en 
of 

are 

winding of orders 
coils only ns on 

toa mechase notarlo 
taringe ee sod delivery 

q I 

request. - J 

DIVISION OF ESSEX WIRE CORPORATION 

3501 ADDISON STREET CHICAGO 18, ILLINOIS 
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ELECTRONICS 

Augmenting the many sintered and cast 
Alnico alloys, 4 additional General Electric 
magnet materials greatly extend magnet de- 
sign possibilities. 
1. VECTOLITE. This light -weight, high -resistance magnet material is a_com- 
bination of iron oxide and cobalt oxide. High in coercive force, it is finding 
wide application as a rotor magnet for d -c selsyns and in many types of 
moving magnet instruments. A number of shapes are shown in illustra- 
tion 1. 

2. CUNICO. An alloy of copper, nickel and 
cobalt, Cunico is malleable, ductile, and ma- 
chinable 

i:... 
and is supplied in wire, strip, or 

rod stock. Illustration 2 shows a rod of 
Cunico, and screw -machine magnets ma- 
chined from it. 
3. CUNIFE. Cunife has all the physical ad- 
vantages of Cunico. However, this alloy of 
copper, nickel and iron has directional 
properties, and to secure best magnetic re- 
sults must be magnetizedonly along the 
direction in which the material has been 
worked. It is supplied in wire stock in 
round, square, and rectangular form. Duc- 
tility of Cunife is shown in illustration 3. 

4. SILMANAL. High in coercive force, this 
alloy of silver, manganese, and aluminum is 4 

most useful in instruments where service in 
strong electrical fields is necessary. The Silmanal magnets in illustration 4 

were rolled, punched, and machined from the ingot shown. For more infor- 
mation about these magnetic materials, write for Bulletin GES -3337. 

ca -+- * 
1 

[7i1 

RELAYS THAT ARE 
REALLY SENSITIVE 

For electronic applications where 
switching functions must be performed 
by small amounts of power, General 
Electric has a complete line of current - 
sensitive, d -c relays. These relays are 
built to withstand shock and vibration 
and will operate in ambient tempera- 
tures from -70F to 200F. They cover 
the range from 10 mw to 180 mw; 0.47 
ma to 1470 ma; 0.07 ohms to 67,000 

ohms coil resistance; and weigh from 
0.1 to 0.7 pound. Contact ratings from 
12 volts to 110 volts a -c/d -c with a 
contact rating at 24 volts d -c of 2.0 
amperes non -inductive and 0.5 ampere 
inductive. Installation is easy with either 
the plug-in base or the solder -lug ter- 
minals. Write for Bulletin GEA -3819. 

ONE SWITCH 
CONTROLS MANY CIRCUITS 

For transfer and control switching there 
is a G -E (Type SB -1) switch to do al- 
most any job. Standard Type SB -1 
switches are available from single -stage 
models to 12 -position, 16 -stage models. 
For more complex switching, special 
models are furnished up to 100 stages. 

Precision construction makes opera- 
tion easy, even in the larger models. 
Rated at 600 volts, 20 amp continuous, 
or 250 amp for 3 seconds, the long- 
lived, cam -operated silver contacts have 
stood mote than 1,000,000 test opera- 
tions without excessive wear. 

Stages are isolated by dielectric bar- 

GENER ELECTRIC 
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riers. There is ample space for easy con- 
nection. Two types of locks permit lock- 
ing in any position, and standard 
switches are dead front. Write for 
Bulletin GEA -1631. 

PUTS A LOT OF COIL 
IN A LITTLE SPACE 

When product design puts a premium 
on space, G -E Formex* magnet wire 
lets you wind more compact coils. 

Where coils wound in rectangular 
shapes crack enamel insulation, the 
tough film on Formex stands up. In 
fast winding operations, too, Formex 
takes the punishment. When coils must 
stand up year after year, depend on 
Formex, because age has little effect 
upon this polyvinyl-acetal insulation. 
Round Formex is available in standard 
sizes from 6 AWG to 44 AWG and in 
ultrafine sizes of 13%, 112, 11/4 and 
down to 1 circular mil in copper area. 
Rectangular Formex is also available. 
For full information on shapes, sizes 
and application methods, write for Bul- 
letin GEA -3911. 

LECTROFILM CAPACITORS 
AT NEW LOW PRICES 

Circuit designers now have complete 
freedom to use either high or low capa- 
cities in r -f blocking and by-pass appli- 
cations - without paying a premium for 
high capacity-because General Electric 
case -style 65 Lectrofilm* capacitors are 
now all at one new price, approxi- 

'Reg. U.S. Pat. Off. 

TIMELY HIGHLIGHTS 

ON GE COMPONENTS 

mately half of the previous level! Simi- 
larly, II listed ratings of case 70 de- 
signs a e offered at one new, low price. 

Gen ral Electric's development of 
Lectro Im, a new capacitor dielectric, 
and th advanced methods used in man- 
ufactur ng these capacitors have resulted 
directl in these new low prices. Lectro- 
film c pacitors are now the answer to 
new c rcuit economies, better circuit 
design , lower over-all equipment costs. 
Bulleti GEA -4295. 

TO SELL RADIO LISTENING 
BY THE HOUR 

Disper 
deposit 
TSC-9 
able f 
radios 
Power) 
Telech 
tacts r 
switch 

r 

L 

sing 2 hours of use for each coin 
ed, the General Electric Type 
coin -switch mechanism is suit - 
)r installation in table -model 
such as hotels provide for guests. 
d by the widely used, reliable 
on motor, and with silver con- 
ted 2 amp, 110 volts a -c, the 
is constructed for long, mainte- 

nance -free service. The Type TSC-9 
switch may be connected to allow inter- 
mittent use of the radio until the time 
paid for has been exhausted. As many 
as 6 coins, providing a maximum of 12 
hours use, may be deposited at one time. 
A continuous coin counter registers de- 
posits up to $25. 

TRAINS BETTER WELDERS 
IN LESS TIME 

Visual methods of employee education 
have proved their ability to increase out- 
put and decrease rejects. Now General 
Electric has produced a new, full -color, 
sound movie that uses animated draw- 
ings to teach the principles and applica- 
tions of spot, projection, and seam re- 
sistance welding. The film takes you 
inside fifteen different industrial plants, 
and shows more than 100 applications 
of resistance welding where it is speed- 
ing production and cutting costs. Ac- 

companying the film is an interesting 
"refresher" bulletin covering the salient 
points of the film. 

Ask your local General Electric office 

to lend you (This Is Resistance Weld- 
ing); no charge or obligation to you. 

GENERAL ELECTRIC COMPANY, Sec.A 642-14 
Apparatus Dept., Schenectady 5, N. Y. 

Please send me: 
GES -3337 (Magnet materials) 
GEA -3819 (Current -sensitive 

....GEA -1631 (Type SB -1 switches) 

....GEA -3911 (Formex magnet wire) 
relays) ....GEA -4295 (Lectrofilm capacitors) 

NO E: More data available in Sweets' File for Product Designers 

Na e 

Co pony 

Adöress 

City State 

8010 
J 
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This"18 Hole 

Obstacle Course"* 
was molded as 
ONE 

piece in 

ONE 

operation! 

* Actually this pictured unit is 
a Switch Base . . . 

molded for the 
Hart Manufacturing 
Company, 
Hartford, Conn. 

Molded of general purpose phenolic material, the 
above complicated Switch Base required the utmost 
skill in mold design ... precise mold construction . . 

and over-all plastic know-how. Though the "obstacles' 
were many, the course was "par'd" ... and another 
Consolidated triumph was scored! 

As it was impossible to prepare the mold cavity as 

one piece, it became necessary to design sectional 
parts - each to mesh together with the highest degree 
of accuracy. Reaching the production stage entailed 
difficult hobbing ... intricate milling ... and 

Enlarged 
Approx. 50% 

experienced Consolidated moldmanship in plastics. 

As a result of this and countless other Consolidated - 
solved problems, we invae the opportunity to apply 
our plastics craftsmanship to any and all custom mold- 
ing assignments. Our staff and complete facilities stand 
ready to follow thru for you - in plastics! 

onsolidated 
MOLDED PRODUCTS eae matsoot 
309 CRERRY STREET, SCRANTON 2, PA. 

PRODUCT DEVELOPMENT MOLD DESIGN MOLD CONSTRUCTION PLUNC ER MOLD NG TRANSFER MOLDING INJEC1 0M MOLDING COMPRESSION MOLDING 

Brancher. NEW YORK, 1790 Broadway CHICAGO, 549 W. Randolph St. DETROIT, 550 Ma :cabs« Bldg. CLEVELAND, 4614 Psospsat Ay. BRIDGEPORT, 211 Stale SlrW. 
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Never 8efvre.,, 
so many laboratory features 
in a portable oscilloscope 

THIS REMARKABLE new cathode-ray oscillo- 
scope is packed with features previously 

found only in large and expensive laboratory 
equipment. The WO -79A has: 

A wide frequency range - flat (±2 db) from 10 cycles 
to 5 megacycles. 
Triggered sweep with delay network as well as saw - 
tooth time base-line frequency deflection and blanking. 
A vertical deflection sensitivity of 0.18 rms volts per 
inch. 
A horizontal deflection twice the screen diameter- 
permits signal expansion and centering of any portion 
of a complex wave -form for close study. 
A calibration meter for voltage measurement. 
A new cathode-ray tube featuring small bright spot and 
distortionless focusing. 

Traces produced by this three-inch scope are 
strong, sharp, easy to photograph. Extremely 
short, steep -fronted pulses and high-speed 
transients can be closely examined. Voltages 
produced by television synchronizing and de- 
flection circuits, ignition systems, pulse genera- 
tors, radar equipment and industrial devices 
can be quickly and accurately measured. 

A new, eight -page bulletin on the WO -79A 
fully describes the many pace -setting innova- 
tions incorporated in this portable time-saver. 
Detailed application information is given on 
how these features can be used by the labora- 
tory technician, service engineer, and broad- 
caster to simplify test and measuring problems. 
Be sure to get a copy. Write: Dept. 30-C, Test 
and Measuring Equipment Section, Radio Cor- 
poration of America, Camden, New Jersey. 

V(RflCA 
CBNtIRN 

A 30 -cycle square wave as seen on How a 10O-kc square wave looks Wave -form resulting'fromcondenser The WO -79A is helpful in television 
the WO -79A. There is no visible on the WO.79A. Note that overshoot discharge. Internal synchronization work. This trace of a horizontal sync 
curvature. The frequency response is insignificant. The vertical amplifier and expansion as high as 500 times pulse has been expanded to show de - 
of the instrument is flat down to 10 is flat to 5 mc. Traces are bright, enables the WO -79A to produce a tails of pedestaL Note clarity of front 

cycles. easy to photograph. trace like this. and back porches. 

¡el ti TEST ANO MEASURING EQUIPMENT 
RADIO CORPORATION of AMERICA 
ENGINEERING PRODUCTS DEPARTMENT, CAMDEN N. J. 

In Canada: RCA VICTOR Company Limited, Montreal 
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PROUDLY PRESENTS 

MODEL 616A 
UHF SIGNAL 
GENERATOR 

- 

41# 

HEATE NywEA 

NOW! for the first time 

direct readings Fast, 4 1800 to 4000 mc 

Here for the first time is an uhf signal gen- 

erator that combines direct reading scales, 

and c -W, pulsed, or a 

simplified controls, wide frequency 

limited f -m output with a 

range and a rugged, compact design. 

Direct Reading, Direct Control 
Carrier frequency in mc may he directly 
set and read on the large central frequency 
dial. R -f output from the reflex klystron 
oscillator is also directly set and directly 
read, in microvolts or db, on the simplified 
output dial. No calibration charts or inter- 
polations are necessary. And because the 
unique coupling device causes oscillator 
repeller voltage to automatically track 
frequency changes, no voltage adjustments 
are necessary during operation. Even the 
bolometer circuit is automatically compen- 
sated for temperature changes. 

C -W, F -M, or Pulsed Output 
R -f output ranging from 0.1 volt to 0.1 

microvolt is available. Output may be con- 
tinuous or pulsed, or frequency modulated 
at power supply frequency. Maximum de- 
viation is approximately ± 5 megacycles. 
Pulse modulation may he supplied from an 
external source or provided internally. 
Pulse rate is variable between 40 and 4000 
cps, and pulse width ranges from 1 to 10 

microseconds. Internal pulsing may be ac- 
curately synchronized with either positive 
or negative external pulses, o^ external sine 

waves. R -f pulse may be delayed 3 to 300 
micro -seconds with respect to the external 
synchronizing pulse. Output trigger pulses 
are also available. They may be simul- 
taneous with the r -f pulse or delayable 
from 3 to 300 microseconds with respect to 
the r -f pulse. 

Wide Range, Great Stability 
A twist -of -the -wrist precision tunes the -hp- 
Model 616A to any frequency between 
1800 and 4000 mc. Accuracy of calibration 
is within ± 1% and stability is of the order 
of 0.005% per degree centigrade in am- 
bient temperature. Line voltage changes of 
± 10% cause frequency changes of less 
than 0.02%. 1380 

Wide Applicability 
The -hp- Model 616A UHF Generator is 
ideal wherever precision ultra -high fre- 
quencies are needed for measuring pur- 
poses. Some of its many uses include 
determining of receiver sensitivity, signal - 
noise or standing -wave ratios, conversion 
gain, alignment, antenna or transmission 
line characteristics. The instrument is light 
and compact, occupying minimum bench 
space. It is unusually rugged of design for 
long-term, trouble -free operation. Repairs 
and replacements,when necessary, are made 
extremely easy by straight -forward circuit 
layout and ready accessibility of all corn 
ponents. 

The -hp- Model 616A UHF Signal Gen- 
erator is available for early delivery. Write 
or wire today for full technical details. 

HEWLETT-PACKARD COMPANY 
13 80A Page Mill Road, Palo Alto, California 

Export Agents: FRAZAR AND HANSEN 
301 Clay Street, San Francisco 11, California, U.S.A. 

Ial, r at or 0FO 

R S P E E D 

instrument 
A N D A C C U R A C Y 

Audio Frequency Oscillators Signal Generators Vacuum Tube Voltmeters 

Noise and Distortion Analyzers Wave Analyzers Frequency Meters 

Square Wave Generators Frequency Standards Attenuators Electronic Tachometers 
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SANGAO PAPER TUBULAR CAPACITORS 

ARE now MOLDED in PLASTIC 

*e4t1éôe41dea4f I I 

Paper Tubular Capacitors, moldec 

in Thermo -Setting Plastic! Designed for use 

in all circuits calling for Paper Tubulars. 

Plastic Molding means no leakage. Capacity 

values remain more stable and moisture k 

completely sealed out. No wax to run at 

. e . 

higher ambient temperatures.Smooth finish 

prevents catching dirt and dust. All in all, 

Plastic Molding assures longer life and lower 

power factor. Specify Sangamo Plastic 

Molded Capacitors wherever you use Paper 

Tubulars. 

edede tead 
WITH 5A11GAmO PLASTIC TURULARS . . . . 

WRITE NOW for the New Sangamo 
Capacitor Catalog for fU:ll information 
on the Sangamo Line. 

NO WA K TO MELT....even heat as in- 
tense as is encountered in soldering, 
will not couse leakage in the case or 

at the lead joint. 

LEADS WILL NOT PULL OUT...Plastic 
Molding so tightly seals the leads in 

place, that under all conditions of nor- 
mal use, leads will stay put. 

SANGAMO ELECTRIC. COMPANY SAIL INOIS 
D 
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...EQUIPPED BY Langevin 
WILL BE EXACTLY VHAT YOU NEED 

EXACTLY WHAT YOU WANT 

Custom Built Langevin audio facilities for broadcast studios are designed 
and manufactured to fit the requirements ard specifications of the individual 
broadcaster. 

Using Langevin FM quality amplifiers as the basic building blocks, complete 
audio facilities, including the type console you want, can be engineered and 
fabricated in our "custom built" department. The Langevin service also includes 
on-the-job installation supervision, if desired. 

In many cases a Langevin custom built audio system, tailored to fit your needs, 

is no more costly than a combination of standard packaged speech input units. 

A Langevin Audio Facilities Engineer is always on call .. 
Let him help you with your equipment planning ... 

The Lanaevin 
CompanytNCORPORATED 

SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING 

NEW YORK, 37 W. St., 23 SAN FRANCISCO, 1050 Howord St., 3 LCS ANGELES, 1800 N. Seword St , 38 
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This new Stackpole material is 30% harder 
than conventional Silver -Graphite contact types. It 
greatly prolongs contact life under short circuit condi- 
tions, assures far better contact drop, and tremendously 
improves wearing qualities. It contains from 31/2% to 
10% graphite and can be made in practically any needed 
contact shape or size for a wide variety of circuit breaker, 
contactor and relay applications. On particularly diffi- 

cult high -amperage applications the use of one of these 
Contacts operating against an FW-41 silver -tungsten 
Contact may provide truly outstanding efficiency. 

Through the efficiency of this Stackpole silver - 
tungsten contact material, the interrupting capacity of a 

circuit breaker made by a leading manufacturer was in- 
creased from 10,000 to 15,000 amperes. On special test, 
it interrupted 21,000 amperes without apparent harm 
to the contacts! Not only that, but Stackpole's FW-41 
contact formula paved the way to constructing this same 
circuit breaker to a size one-third smaller by volume and 
with half as many parts! Write for details. 

NOTE: Stackpole Contacts are sold only for original 
equipment purposes- not as replacements. 

Write for Stackpole Contact Catalog and Data Book No. 12 

STACKPOLE CARBON COMPANY, ST. MARYS, PA. 

E 
BRUSHES AND CONTACTS (All molded carbon, graphite, and metal composition types) RARE METAL CONTACTS SINTERED 

ALNICO II WELDING CARBONS MOWED IRON CORES PACKING, PISTON and SEAL RINGS CHEMICAL CARBONS, etc. 
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r - - 

AIRCRAFT RADIO CORPORATION 
Among the A.R.C. RADIO COMMUNICATION AND NAVIGATION SYSTEMS are 

TYPE 11 SYSTEM 

Range Receiver and VHF Transmitter. 

or TYPE 17 SYSTEM 
VHF Receiver and VHF Transmitter. 

TYPE 15 

VHF Omni -Directional 
Range Receiving Equipment, 

Among the A.R.C. ELECTRONIC COMPONENTS AND ACCESSORIES are 

"MUSIC -BOX" TYPE 

SELECTOR SWITCHES 

For low -voltage control circuits. 
Unusually positive detent action. 
lever -type control handle. 

CERAMIC -INSULATED PLUGS 

AND RECEPTACLES 

24 combinations. 
2 to 19 contacts. 

CERAMIC -INSULATED 
MINIATURE DC RELAYS 

l t/4 " long. 

SPS'. SPDT, DPST, SPST-SPDT, 
and DPDT. 

DRY ELECTROLYTIC. 

SEALED CONDENSERS -31" 
Terminals mounted on mica. 

No bakelite-rubber seals. 

MINIATURE PIN -PLUG 
CONNECTORS 

Specially designed to 

minimize spring fatigue. 

SNAPSLIDE FASTENERS 

7/16" wide size, for heavy loads. 
'// " wide size, for light loads. 

Among the A.R.C. MICROWAVE UNITS AND ACCESSORIES are 

TYPE H-10 TEST SET 

for the 1 .2 cm band 

and various assemblies for the 10 cm, 

3.3 cm, and 1.2 cm bands. 

ircraft Radio Corporation 
Boonton, N. J. 
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FRANKLIN ANNOU 
LAMINATED 

57 A 11 . . for 1" between mounting centers 

S7 A 12 ... for 1-5/16" betweer mounting centers 

57 A 11 and 57 A 12 Miniature Laminated Sockets have 

spring type contacts that GRIP and hold the tube securely 

without the need for locking devices. These contacts, be- 

ing longer and spaced wider apart, permit greater ease 

in soldering thus lower production costs. 57 A 12 is inter- 

changeable with Octal Sockets of like mounting center 

enabling chassis design for use with either. 

ELECTRONIC 
COMPONENTS 

TELEVISION 

DUO DECAL 

43-20 34th STREET LONG ISLAND CITY 1, NEW YORK 
SOCKETS TERMINAL STRIPS PLUGS SWITCHES PLASTIC FABRICATION METAL STAMPINGS ASSEMBLIES 
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?W... FRRANT/ 
ELECTROSTATIC VOLTMETERS 

1 

FOR AC AND DC MEASUREMENTS 

we0u4.1. 
FE newer i[t[C7R4C, iNC. 

2 " PORTABLE TYPE 

Also made in FLUSH and 
PROJECTING TYPES 

ZERO CURRENT CONSUMPTION READING FROM 

20 to 25,000 VOLTS AC OR DC UP TO 3,500 VOLTS 

SELF-CONTAINED OVER -VOLTAGE PROTECTION 

2V2 in. DIALS SINGLE, DUAL AND TRIPLE RANGES 

MAGNETIC DAMPING PRECISION BUILT, ACCURATE 

THOROUGHLY RELIABLE 

. 1mZlC/ CZ'Ci 65UCt??.+r ;Nadi P12C1i7Ì! c't C'?ICIICP 

FERRANTI ELECTRIC INC., 30 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 
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Cable Problems 

/Jaded 
4,04 

adawefij 

We have designed many cables which 

have solved a multitude of problems. 

When you come to Ansonia for some- 

thing original in cables, our engineers 

will turn out a product to meet your 

specific requirements. 

Photo courte.n. 
Bakelite Review 

item 

THE ANSONIA ELECTRICAL DIVISION 
ANSONIA, CONNECTICUT of 

NOMA ELECTRIC CORPORATION 
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5,327 
RELAY 
TYPES 

SENSITIVE LOW -POWER RELAYS 
in a newly improved design 

FOR USE ON AC AND DC 

Engineering superiority in every mechanical and electrical detail makes Struthers - 
Dunn Type 112 Relays far and away "tops" for sensitivity and durability for 

low -power operation on the order of a few milliwatts A "fool -proof" micrometer 
adjustment assures exceptionally reliable setting of the contact spring All parts 
are of low -inertia, quick -acting design Contacts are easy to adjust and stay "put 
once adjusted Coils are well insulated and vacuum impregnated These new 

relays are built throughout for easier installation, higher sensitivity, longer life Avail- 

able in single -pole double -throw and double -pole double -throw contact combinations. 

Write for Data Bulletin 112. 

STRUTHERS-DUNN 
STRUTIIi;RS-DUNN, Inc., 150 No. 13th St., Phila. 7, Pa. 

ATLANTA BALTIMORE BOSTON BUFFALO CHICAGO CINCINNATI CLEVELAND DALLAS 
DENVER DETROIT HARTFORD INDIANAPOLIS LOS ANGELES MINNEAPOLIS MONTREAL 
NEW YORK PITTSBURGH ST. LOUIS SAN FRANCISCO SEATTLE SYRACUSE TORONTO 
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A Statement 
of Major Importance 

regarding 

lu 

Electrical Resist nce Wire 

FROM TIME TC TIME, a product is 
developed which-by virtue cf its 

originality, overall superiority and 
general acceptance-meets with in- 
stantaneous and lasr:ng success. In 
so doing, it establishes itself az the 
standard of quality by whicli all 
other similar products are judged. 

In industry, an entstand Lag ex- 
ample of this h N:TROME. 

NICHROME is a nickel -chromium 
alloy electrical resistance wir which 
is made only ty Driver -Ham: Co. 
Further, it is a t-aJe mark, offic- 
ially registered by the U.S. Patent 
Office on August 11, 1908 mare than 
thirty-eight years ago. Its leader- 
ship in the electrical resistance field 
brilliantly reflects the highly 
specialized knew'_Edge of technical 
processes and precise metallurgical 
controls which have made possible 
Driver -Harris' outstanding a_lcy de- 
velopments for more than 9' rears. 

Although there are several 
excellent nickel-cEromiurn alloy 

*Trade Mark Reg. U.S. ?at. Off. 

combinations, there is only one 
NICHROME-ani it is made only 
by rile Driver -Harris Co. 

Rnember th_s when next you 
buy electrical resistance wire. Be 
sure your supplier understands that 
you want the genuine NICHROME 
made 3nly by Driver -Harris, for no 
other company manufactures 
NIC I -I OME. 

Driver -Harris 
COMPANY 

E,clusiva Manufacturers of Nichrome 

HARRISON, N. J. 
BRAS CF ES: Chicago Detroit Cleveland 

Lo: Angeles Sin Francisco Seattle 
the B. GREENING WIRE COMPANY, LTD. 

Hamilton, Ontario, Canada 
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NIC-HEATING 
INSTALLATIONS! 

FOR ELECTRO . .. 

Vj BY DESIGNING YOUR 
EQUIPMENT AROUND 

HIGH -EFFICIENCY G -E TUBES 
LIKE THE NEW, COMPACT 
GL -592 POWER TRIODE... 

THERE'S good business ahead- 
as well as now-for builders of 

electronic -heating equipment! And 
the heart of this equipment is the 
tubes. As industry finds wider appli- 
cations for high -frequency heating 
-develops revolutionary new proc- 
esses, like stitching plastic sheets 
electronically and cooking foods in 
seconds instead of minutes or hours 
-General Electric keeps step by its 
tube research. For every high -fre- 
quency heating application, there's a 
G -E tube ready to do the job! 

Type GL-592-NEW efficient 
power triode-typifies G -E progress. 
Designers today are considering 
higher frequencies for dielectric - 
type heating ... and the GL -592 
will operate up to 110 megacycles 
at max ratings! Many heating jobs 
call for small to medium -size instal- 
lations, with economy paramount. 

So the GL-592-besides being low 
in first cost-conserves power with 
its anode input of 600 watts and 
dissipation of 200 watts! 

The tube is sturdily built for hard 
service. Cathode, grid, and anode 
are solidly mounted and braced. All 
leads are short. Fernico metal -to - 
glass seals make possible (1) elimi- 
nation of a base with its dielectric 
losses, (2) the non -soldered anode 
terminal that withstands high tem- 
peratures. All contacts are silver- 
plated for efficiency. 

Whether your heating application 
be induction or dielectric-whether 
large or small-G.E. has the right 
electronic tube for you. And G -E tube 
engineers are glad to work closely 
with your designers. See your near- 
est G -E office, or write to Electronics 
Dept., General Electric Company, 
Schenectady 5, N. I'. 

GENERAL 
FIRST AND GREATE 

RATINGS 
Cathode voltage 

Cathode current 

Max anode ratings: 

voltage 

current 

input 

dissipation 

Type of cooling 

10 v 

5 amp 

3,500 y 

250 ma 

600 w 

200 w 

forced -air 

The G -E line of power triodes 
for high -frequency heating is com- 
plete, covering every need and 
application. There are 17 types. 
Max anode voltages range from 
2,000 v to 20,000 v-current 
from 250 ma to 10 amp-dissi- 
pation from 125 w to 100 kw. 
Prices and details on any or all 
types are available on request. 

ELECTRIC 
ST NAME IN ELECTRONICS 
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-f dßì' 
J 

introduces another 
entirely NEW and improved PHONOGRAPH 
CARTRIDGE ...the Model "QT." 

THIS `QUIET TALK" CARTRIDGE IS DESIGNED ESPECIALLY 

FOR HOME USE AND IS EQUIPPED WITH A REPLACEABLE 

NEEDLE OF THE MOST ADVANCED TYPE. 

Precious 
Metal 

Tip 

Jewel 
Tip 

TYPE "QT" AVAILABLE 
IN TWO MODELS 

Model "QT -M" is supplied with 

precious metal -tipped stylus; Model 

"QT -J" with sapphire -lipped (Jewel) 

stylus. Both models are identical in 

every other respect. 

WE'LL SEE YOU 
AT TH 

CONVENT ION ! 

Astotic's complete 
line of products will 
be on display at the 
National I.R.E. Con- 
vention, at Grand 

Central Palace, 
New York City, 

March 3 to 6, 
inclusive. 

THE improved design of this needle, al- 

lowing appreciably more vertical compli- 

ance than has heretofore been possible, 
results in a VAST REDUCTION in the amount 
of surface noise which is ordinarily radi- 

ated directly from the needle. Pleasing 
reproduction and the absence of acoustic 
noise, together with low order of distor- 

tion, make the "QT" Cartridge ideally 
suited for home use. 

"QT" 
Literature 
is Available 

Simple Method Devised for the 
Removal and Insertion of Needles 

Needles in the "QT" Cartridge may be re- 

moved quickly by placing knife blade beneath 
needle and prying gently upward. Replace. 
ments are made by inserting shank of needle 
in socket and pressing down gently. 

sT TIC CORPORATION 
CONNEAUT. OHIO 

II»IN CANADA CANADIAN Asr.rIC LID rOTONIO aNnneo 

Asiatic Crystal Devices Manutoct tod 

patents. 
under Brush Development Co. 
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DU MONT 
CATHODE- 

RAY 
PLAYS AN IMPORTANT ROLE IN INDUSTRY 

te ZE,QeARG 
INQ EQUIPMENT 

short electrical 

Is designing or testing devices for supplying 
is 

shock pulses to a fencánd 
duration toi each as well as the essential to know the maxi- 

mum voltage, shape Oscillograph is ideal 

repetition rate. The Type 247 Cathode-ray 

for this application. 

DU MONT CATHODE RAY 

EQUIPMENT 
MAY BE 

THE LOGICAL ANSWER 

10 YOUR PROBLEM! 

AND 

?QeiEel 
EQUIPMENT 

may 
action of relay contactss 

will 
a Type 247 Oscillograph 

A detailed examination of the closing 

subject 10 re- 

bounce.easily 

be made when using positive or 

reveal whether the contact closing is p eriod can be accu- 

rately 

applied 
osing time markers on the app 

The 
determined 

of the entireoi bouncing 

be instantly. 

signal, 

determined by sop may 

signal, and the effects of corrective adjustments 

observed. 

OD, o 
and am- 

plitude 

way to determine phase, frequency 

amplifierT than by applying a square -wave 
here is no quickerobserving 

the output 
saldistortion iear and visually 

signal to the amplifier 
input and output signal waveforms may be 

Both Tube when waveform.most 
viewed simultaneously 

on the Type 5SP Cathode-ray 
ra hs, or 

driven by two Type 208-B, 241, 247 or 248 Oscillog P 

combinations of these 

SI' CS 

SIDEQ 
AMPLIFIERS 

e 215 Sweep Generator 

By using a Type 208-B combined with 
llograph when conducting 

or by using a Type 247 Cathode-ray obtained as to 

accurate information may be 
o plot to 

are 
dampingpon 

test, 

the time of sound waves. It is also possible 

"dead spots". If remedial 
measures can be seen i sian lyfor 

either conition are 
neces- 

sary, the effects of the co 

CO ALLEN B. DU MONT LABORATORIES. INC. 

LABORATORIES, INC., PASSAIC, NEW JERSEY CABLE ADDRESS: WESPEXLIN 
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rrlrì 1 d 
CUSTOM MADE TECHNICAL CERAMICS 

For bonding metal to ceramics .. . or ceramics to ceramics 

Prompt deliveries of Metalized AlSiMag Ceramics are 

currently available due to completion of expanded fa- 
cilities for this work. 

Metalized AlSiMag Ceramics create a mechanically 
strong join because the metal is fired to the ceramic. 
According to your requirements, silver, gold or platinum 
is used. Where desirable, copper or silver plating is 

added to build up metal to the optimum thickness for 
the individual application. 

Sectional view shows method of herrrretiColly seal- 
ing Shallcrass precision resistors using AlSiMag 
metalized cores and AtSiMag metalized shells. 

Metalized AlSiMag Ceramics can be soft sorder sealed 

to other metalized AlSiMag Ceramics or to any metal 
which can be easily wet. Hermetic seals with a high 

degree of permanence are readily accomplished. 
American Lava Corporation engineers will be glad to 

cooperate in developing the ceramic and the metalizing 
specifications which are best suited to your rect,iiremenf. 

AMERICAN LAVA CORPORATION 
CHATTANOOGA 5, TENNESSEE 
:{;Bth YEAR OF CERA M IC L E ADERS HIIP 

SALES OFFICES: ST LOUIS, Mo., 1123 Washington Ave., Tel. Garfield 4959 NEWARK, N .7., 671 Broad St., Tel Mitchell 2-8159 
CAMBRIDGE, Moss., 38-8 [rattle St., Tel: Kirkland 4498 CHICAGO, 9 S Clinton St., Tel Central 1771 SAN FRANCISCO, 
163 Second h., Tel Douglas 2464 LOS ANGELES, 324 N. San Pedro St., lei, Mutual 9076 PHILADELPHIA, 1649 N. Brood Street 
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BEAT 

FREQUENCY 
GENERATOR 

TYPE 140-A 

This instrument has found universal acceptance because 
of its wide frequency coverage from 20 cycles to 5 mega- 
cycles. A five step decade attenuator provides a means 
by which extremely small output voltages can be accu- 
rately set and a six position switch enables any one of 
a variety of output impedances to be quickly selected. 

SPECIFICATIONS: 

FREQUENCY RANGE: 20 cycles to 5 megacycles in two ranges. 
Low range: 20 to 30,000 cycles. 
High range: 30 kc to 5 megacycles. 

FREQUENCY CALIBRATION: Accuracy 1-2 cycles up to 100 cycles, 
_2% above 100 cycles. 

for further details write for Catalog D 

DESIGNERS AND MANUFACTURERS OF 
THE "0" METER ... OX -CHECKER 

FREQUENCY MODULATED SIGNAL GENERATOR 
BEAT FREQUENCY GENERATOR 

AND OTHER DIRECT READING TEST INSTRUMENTS 

STABILITY: About 5 cycles drift below 1000 cycles. On low range, 
drift becomes negligible percentage with increasing frequency. 
On high range, drift is 3% or less. 

ADJUSTMENT: High and low ranges have individual zero beat 
adjustments. Low ronge may be checked against power line 
frequency with front panel 1 inch cathode ray tube. 

OUTPUT POWER AND IMPEDANCES: Rated power output: One watt, 
available over the low frequency range from .utput impedances 
of 20, 50, 200, 500, 1000 ohms, and over both high and low 
frequency ranges from an output impedance o4 1000 ohms. 

DISTORTION: 5% or less at 1 watt output, 2% or less for 1,2 voltage 
output. 

VOLTMETER ACCURACY: +3% of full scale reading. 

xt lioAerieyezal 
QX-CHECKER TYPE 110-A 

This production -test instrument is specifically des gned to compare 
relative losses or Q simultaneously with inductance or capacitance in 
one operation and with a single setting. Built b lc boratory precision 
standards, the GX-Checker is a sturdy, foolproof irstrument for use in 
production work by any usual factory personnel. 

SPECIFICATIONS: 
FREQUENCY RANGE: 100 kc to 25 me in 6 ranges usi19 plug-in coils. 
ACCURACY OF COIL CHECKS: May be checked ermine standard to within 

about 0.2% with coil values of 10 microhenries to 10 millihenries and 
Q of 100 or grater. 

CAPACITANCE RANGE: Capacitance values ranging between approximately 
2-1000 mmf may be checked against a standard to an accuracy of a few 
tenths of one m-nf if the Q of the capacitor is high. 

BOONTO 
BOONTON NJ U.S-A 
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your Noise Problems, too 

can be Solved 8ener 
with GD Quietones 

Just because Mom wants to bake a cake 
is no reason why she shouldn't hear her 
pet soap opera. And sooner or later 
she's bound to find out that some 
mixers don't cause radio interference. 
Mixers equipped with C -D Capacitors, 
for example. 

C -D's experience in designing and 
building noise suppressors is unequalled 
in the capacitor industry. We are now 
manufacturing hundreds of types of 
noise filters for electrical appliances 
and equipment. It's possible, of course, 

MICA DYKANOL 

that the exact unit for solving your 
noise problem is not included. In that 
case, our engineers are ready and 
anxious to design and build the sup- 
pressor best suited to your specific 
requirements-better, faster, more eco- 
nomically. Consult with them. 

Catalog of standard types will be 
mailed on request. Cornell-Dubilier 
Electric Corporation, Dept. K3, South 
Plainfield, New Jersey. Other large 
plants in New Bedford, Brookline and 
Worcester, Mass., and Providence, R. I. 

PAPER ELECTROLYTIC 

TYPICAL NOISE SUPPRESSORS 

CAPACITORS #1 AND 2 

Two of the Type MC Filter Capacitors designed for heavy 

duty service on buses, trucks, etc. for spark and noise sup- 

pression. Mechanically rugged, oil filled and impregnated and 

hermetically sealed. 

CAPACITOR #3 
A general purpose filter effectively controls radio noise energy 
created by fluorescent lamps. This capacitive - inductive type 
filter is compact and can be quickly installed in a variety of 
positions. Convenient leads simplify installation, 
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A3'ófED -D1P69D48OE 
...HOUR AFTER HOUR! 

This rugged Westinghouse pliotron WL -473 is 
being successfully used in R -F heating equipment 
and FM transmitters by many of the country's 
most prominent manufacturers of electronic equip- 
ment. It has established a fine reputation for de- 
pendable operation in rigorous industrial service. 
In order to render prompt and efficient replace- 
ment tube service, Westinghouse Quality Con - 
poled tubes are stocked in Westinghouse district 
warehouses and with Westinghouse distributors 
throughout the country. 
For the best performance of your electronic equip- 

ment, be sure to order Westinghouse Electronic 
Tubes. For further information consult your near- 
est Westinghouse office or any Westinghouse Elec- 
tronic Tube distributor. 

All inquiries from foreign countries except Canada 
should be directed to: Westinghouse Electric Inter- 
national Co., 40 Wall St., New York 5, N. Y., U. S. A. 

Westi n ouse 
PLANTS IN 25 CITIES OFFICES EVERYWHERE 

7:4 
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This simple electro -mechanical structure ... the 

Switch . . , embodies the nene! sary feat.ires for 

The switching member is 

a strip of heat -treated 
beryllium copper with a 

silver button contact at 
the free end. 

The actuating member 
is a rigid tongue integral 
with the switch blade. 

The stress -inducement 
spring is a convolute of 
extremely flat gradient 
and low stress. 

The stress -inducement 
spring is proportioned 
for stability. Knife-edge 
pivots are provided be- 
tween the spring and the 
actuating and switching 
elements. 

The entire UNIMAX is 
constructed of compon- 
ents held to close toler- 
ances in fabrication and 
assembly. Hence it is 

truly a precision switch. 

UNIMAX 
IS UNIFORM 

critical element of the UNIMAX Precision 
consistency of response to actuating force. 

UNIMAX SWITCH everv.ii. 
A su.siuuar o 

The W.L.Maxson Corporation 460 West 31th St. New 'fork 1, N. Y. 

This one-piece switch blade, secured to a 

heavy brass insert in the phenolic base, 

withstands millions of flex ures without 
fracture, and has low electrical resistance 
to carry full rated current without over- 

heating. 

The dimensions, form, and position of the 
actuating member are strictly controlled 
to assure accurate conformity to perform- 
ance requirements. 

The flat gradient of the stress -inducement 
spring assures negligible change in stress 
thru-out the working range, thus provid- 
ing consistency of characteristics during 
the long life of the switch. 

This folded, flat spring is rigid in its longi- 

tudinal plane and its long, side elements 
with knife-edge bearings provide lateral 
rigidity; thus the spring resists deforma- 
tion in any but the desired direction. The 
stability of the spring and the negligible 
friction in the knife-edge bearings con- 
tribute to consistency of operating point 
and to low differential operating force. 

The design and structure of UNIMAX 
make it an inherently dependable product, 
suited to most requirements for compact, 
precision switches. To receive new 

UNIMAX data, as released, mail this 
coupon TODAY. 

ts . 
qbe eoo' my 
GeOt3 reó`° ea. 

stiee 

tiyOtOe Qo9 ' ap. 
t str' oy 
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COMPLETE 
IMPREGNATION 

DIELECTRIC 
STRENGTH 

jofamon 

the Superior Features Ma Varnished 
Tubing Products... is Good 

FLEXIBILITY 

COMPLETENESS 
OF LINE 

An important factor in both cost and high 
production of electrical devices is ease of as- 
sembly. Dieflex varnished tubings and saturated 
sleevings are non -fraying products with unusu- 
ally good push -back characteristics. It is easy 
to solder and join connections and to splice 
with Dieflex due to these push -back and non - 
fraying qualities. 

The physical properties of Dieflex Varnished 
Tubing Products are unusually good because of 
the specially formulated oleoresinous impreg- 
nating type baking varnish used. Both cotton 
and glass fiber types offer advantages in assem- 
bly time saved and increased product life. Be 
sure of getting the best ... specify "Dieflex." 

4vA\Z`l 

NON -FRAYING 

i 

SMOOTH 
INSIDE BORE 

UNIFORMITY 
OF PRODUCT 

DIEFLEX PRODUCTS LIST 
MADE WITH BRAIDED COTTON SLEEVING BASE 

VTA Grade A-1 Magneto Grade Varnished Tubings-VTA 
Grode B-1 Standard Grade Varnished Tubings-VTA Grades 
C-1 and C-2 Heavily Coated Saturated Sleevings-VTA 
Grade C-3 Lightly Coated Saturated Sleevings-Heavy Wall 
Va-nished Tubings and Saturated Sleevings. 

MADE WITH BRAIDED GLASS SLEEVING BASE 
VTA Grade A-1 Magneto Grade Varnished Fiberglas Tub- 
ings-VTA Grade C-1 Extra Heavily Saturated Fiberglas 
Sleevings-VTA Grade C-2 Heavily Saturated Fiberglas 
Sleevings-VTA Grade C-3 Lightly Saturated Fiberglas 
Sleevings-Silicone-Treated Fiberglas Varnished Tubings 
and Saturated Sleevings. 

41111101114 INSULATION 
MANUFACTURERS CORPORATION 

CHICAGO 6 
565 W. WASHINGTON BLVD. 1231 SUPERIOR AVE., N. E. 

MILWAUKEE 2 - 312 East Wisconsin Ave. DAYTON 2 - 1315 Mutual Home Bldg. 
Representatives in: DETROIT 2 - 11341 Woodward Ave. 

MINNEAPOLIS 3 - 1208 Harmon Place PEORIA 5 - 101 Heinz Court 
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INDUSTRY -WIDE BARGAINING ... 
Death Trap for Business, Suicide for Free Labor 

F CONGRESS is to succeed in its present efforts 
to prevent strikes in key industries from devas- 
tating the nation, it will have to put a crimp in 

industry -wide collective bargaining. This kind of bar- 
gaining is designed to apply agreements between em- 

ployers and organized workers on wages and working 
conditions to an entire industry. 

Further, if extension of this type of bargaining is 

not curbed, there is reason to believe that it will 

undermine the freedom of both American business 
enterprise and American wage earners. For, while 

increasing the destructive power of labor disputes, 
the general spread of industry -wide bargaining would 

so concentrate the fixing of wages-by far the largest 
element in the cost of production-that government 
regulation would be a next short step. With that step 
taken, freedom for business enterprise and freedom 

for labor would be well on the way out. 

Unfortunately, industry -wide bargaining is com- 

monly regarded as presenting a general conflict be- 
tween organized labor and employers, with unions 
favoring it and employers opposed to it. This mistaken 
notion raises the heat of much of the discussion with- 

out increasing the light. The fact is there is no such 
general conflict. Employers and organized workers 
are on both sides of the argument about industry- 
wide collective bargaining. For example, while some 

union leaders are characterizing as labor baiters all 
those who raise the slightest question as to the desir- 
ability of industry -wide bargaining, organized work- 
ers in the air transport industry are strenuously 
opposing that type of bargaining; and the employers 
are advocating it. 

Some Employers Like It 

The reason there is in fact no clear cut issue be- 
tween employers and unions over industry -wide bar- 
gaining is readily understandable. It presents certain 
advantages to both sides in the bargaining process. 
For example, union advocates of such bargaining 
generally stress the fact that industry -wide agree- 

ment on wages protects wage standards from being 
undercut by lower wage areas and lower wage em- 
ployers. By much the same token, however, employ- 
ers who like it often emphasize the fact that industry- 
wide bargaining may save certain well -managed and 
prosperous companies from being singled out for 
particularly heavy wage exactions. This general point 
has been underlined in both the full-fashioned ho- 
siery industry and the West Coast paper and pulp 
industry. There, local unions, affiliated with interna- 
tional unions, have protested that industry -wide col- 

lective bargaining prevents them from getting from 
especially prosperous employers wages as high as 
they could get if allowed to go it alone in collective 
bargaining. 

So long as employers remain subject to the federal 
antitrust laws while unions are exempted, the bal- 
ance of power in industry -wide bargaining would 
seem to be heavily weighted on the side of the unions. 
If, for example, employers were to announce an inten- 
tion to match an industry -wide wage increase by an 
industry -wide price increase, there is no doubt that 
they would promptly be indicted for violation of the 
federal antitrust laws. Even so, the fact remains that 
some employers favor industry -wide bargaining 
while some segments of organized labor are against it. 

A Clear Cut Public Issue 

The industry -wide bargaining issue as it affects the 
public, however, is clear cut. It is concentration of 

economic power (in the hands of both unions and 
management) which can make industrial conflict 
devastating to the public welfare. At least five times 
within about a year-in steel, on the railroads, in the 
maritime industry and twice in the soft coal industry 
-strikes prompted by union efforts to impose indus- 
try -wide agreement about wages and working con- 
ditions have paralyzed large parts of the nation's 
economic life. 

In soft coal about 90% of the production workers 
are members of the United Mine Workers. In steel 

www.americanradiohistory.com

www.americanradiohistory.com


about 80% of the production workers are members 
of the United Steelworkers, C. I. O. In some other key 
industries there is a comparable degree of concen- 
tration of union control. In the face of such concen- 
tration many employers see no alternative but to 
get together on their side for industry -wide bargain- 
ing. But when they do so in key industries, the odds 
are lengthened that failure to agree on wages and 
related matters, will result in generally ruinous con- 
flict. If agreement is reached, the chances are in- 
creased that it will take too little account of the wel- 
fare of the consuming public. 

It is possible to have industry -wide bargaining on 
many subjects other than wages. But the main inter- 
est is wages; and the main drive is toward industry- 
wide and ultimately nation-wide uniformity. Such 
uniformity is the deadly enemy of industrial decen- 
tralization and the pioneering expansion of industry 
in new areas. Why pioneer, with inexperienced work- 
ers, if the wage rate must be uniform for the whole 
industry? Moreover, it would also be hard to con- 
ceive of a more effective way to put a blight on local 
efforts to improve industrial relations than to make 
wage rates and other working conditions uniform 
throughout the industry and then the nation. How- 
ever, among many other dangers, the overshadowing 
danger in industry -wide bargaining lies in its con- 
centration of economic power. 

Wages Monopolized 

On the average, the cost of labor accounts for about 
two-thirds of the total cost of all industrial products. 
The universal spread of industry -wide bargaining 
would thus concentrate in relatively few hands con- 
trol of the greater part of the cost of industrial pro- 
duction. There is no reason to believe that even with- 
out disastrous strikes, such concentration would long 
continue free from government regulation. That 
would turn more earth for the graves of American 
business enterprise and American working men's 
freedom. 

Those who believe that industry -wide bargaining 
serves the public well-and many sincere people do 
-stress the fact that, on the whole, it has worked in 
the industries where it has been tried over a con- 
siderable period. Most of the industries of which this 
is true, however, are not key industries. The pottery 
industry, the glassware industry, and the silk and 
rayon dyeing industry-to cite a few in which indus- 
try -wide bargaining has been practiced with consid- 
erable success-are important industries. But they are 
not industries in which strikes would have a ruinous 
impact on the nation. In contrast, a strike in the soft 

coal industry as the result of a breakdown of in- 
dustry -wide negotiations quickly becomes a national 
disaster. The dangers inherent in industry -wide bar- 
gaining are multiplied accordingly. 

England No Guide 
Those who think extension of industry -wide bar- 

gaining would be good for the public often emphasize 
the fact that it has worked smoothly in England, 
where it has been extensively practiced. Not the least 
of the things it has smoothed in England, however, is 
the transfer from private enterprise to state socialism 
of industries in which industry -wide bargaining by 
monopolistic unions and employer groups had so 
badly undercut competition that private enterprise 
had lost much of its justification. A general extension 
of industry -wide bargaining could be expected to 
have the same consequences in this country. 

The best way to curb industry -wide bargaining is 
a question which lies beyond this discussion. Much 
would be accomplished if the federal government 
would discontinue its active promotion of industry- 
wide adjustments, in the fields of both labor and 
management, at which it has been busy ever since 
N. R. A. days. Still more would be accomplished if 
the federal antitrust laws were applied with even- 
handed justice both to unions and employers-a course 
urged in the 53rd editorial in this series. Perhaps a 
definite limitation of the scope of labor agreements 
would also be necessary. 

The effects of industry -wide bargaining in increas- 
ing the extent of public regulation of industry will 
vary. They will, of course, be less pronounced in rail- 
roads and other public utilities, which are already 
extensively regulated, than they will be elsewhere. 
For unregulated industries, however, industry -wide 
bargaining carries the threat of extensive regulation 
and, along the way, of industrial conflict devastating 
to the public. In these excited times, to say what I 
have said here is to invite characterization by over- 
heated partizans as a foe of legitimate union progress. 
That is perhaps not so bad, however, as to qualify as 
a pall bearer for both American business enterprise 
and some of the basic freedoms of American working 
men. That may well be the fate of those who blindly 
accept the expansion of industry -wide collective bar- 
gaining as being "in tune with the times." 

President McGraw-Hill Publishing Company, Inc. 

THIS IS THE 55TH OF A SERIES 
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FOR PROFITABLE ASSEMBLY 

TINNERMAN axae ,oufry,toó'#u 

BEFORE You Leave the "Mock-up" Stage 

These 14 Fasteners did the Trick 

Q 4 

7\Z, 40° 

Our new Bulletin No. 214 goes into detail on this 
Motorola job and is available for the asking. Since 
you may be able to use to advantage many of the 
fastening ideas illustrated, write for a copy today. 

Trade Mark Reg. U. S. Pal all. 

'. 

Just as the Galvin 

y 
Manufacturing Corp. 

did with their new 

Motorola Auto Heater 

To take full advantage of the SPEED NUT System of Fastening, 
Galvin engineers brought the "mock-up" and prints of their new 
Motorola Heater to Tinnerman for a fastening analysis before building 
tools and dies. They sat right in with Tinnerman development en- 

gineers who went over the heater part by part-explored every 
possible production short cut-planned its assembly from start to finish. 

The final design of the heater was modified to take advantage 
of standard SPEED NUTS wherever possible. Where standards could 
not be used, new SPEED NUTS were created for a more efficient 
assembly. The result was assembly perfection. Many parts were 
attached with SPEED CLIPS and merely snapped into position under 
spring -tension. Others were fastened by simply pressing SPEED NUTS 
over unthreaded studs. And where it was necessary to use screws, 
SPEED NUTS made the attachments simple and fast. 

This engineering service is available to you, too-at no cost. For 
the utmost in assembly savings, contact our Sales Engineering Depart- 
ment before you leave the "mock-up" stage. But in any event, check 
the SPEED NUT System of Fastening before you go into production. 

TINNERMAN PRODUCTS, INC. 2106 Fulton Road 
Cleveland 13, Ohio 

In Canada: Wallace Barnes Co., Ltd., Hamilton, Ontario 
In France: Aero_essoires Simmonds, S.A., Paris 
In England: Simmonds Aerocessories, Ltd., London 
In Australia: Simmonds Aerocessories, Pty. Ltd., Melbourne 

PnTENLED 

FASTEST THING IN FASTENINGS MORE THAN 4000 SHAPES AND SIZES 
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DOUBLE REENTRANT 

PROJECTOR 

Many sizes. From 15 in. 
air column to 6 foot air 
column. 

360 RADIAL, 
CHANDELIER 
PROJECTORS 

Double Reentrant. For 
driver units. 3 and 4 
foot air column lengths. 

DRIVER UNITS 

Various Power Handling 
Capacities. N ewe s t 
types of Indestructible 
Phenolic Diaphragms. 

MINIATURE TYPE 
REENTRANT 

PROJECTORS- 

BOOSTER SPEAKERS. 
High -efficiency, Weath- 
er-proof. Complete 
with Driver Unit and 
Universal Bracket. 

CONE TYPE 
PARABOLICS and 

CHANDELIER RAFFLES 

for all size cone speak- 
ers. Wooden and Metal 
Cone Speaker Enclos- 
ures, Baffles, Carrying 
Cases, Loud Speaker 
Support Stands and 
Brackets. 

MICROPHONE 
SUPPORT STANDS 

20 types and sizes. All 
Fittings, Adapters and 
Accessories. F lo or 
Stands, Desk Stands, 
Banquet Stands, Room 
Stands. 

Write for New Illus- 
trated Catalog Sheets 

TLAS SOUND 
CORPORATION 

1449 39th St., Brooklyn 18, N. Y. 

BUSINESS BRIEFS 
By W. W. MacDONALD 

Marine Radio Equipment should 
be as hot as a stove this summer. 
Mixing business with pleasure 
(we have a subminiature auxiliary 
sloop out on Long Island Sound), 
we took in the boat show at New 
York's Grand Central Palace. 
At least a dozen manufacturers of 
ship -to -shore phones, d -f equip- 
ment, underwater sounding de- 
vices and other electronic navi- 
gational instruments exhibited 
and interest in their gear was 
running high. 

Speaking Of The Palace, IRE'S 
ambitious exhibit there this month 
will just about fill two of the 
three available floors. Originally 
planned for a New York armory, 
the shindig quickly outgrew its 
quarters and is certain to be 
highly successful. It will not, 
however, be a sellout. A few po- 
tential exhibitors were discour- 
aged by the higher -than -usual 
booth cost and the three -buck ad- 
mission charge for non-members. 
(The Palace's take must be consid- 
erable.) 

Selenium Rectifiers will replace 
notoriously short-lived 117 -volt 
tubes in the majority of 3 -way 
portables built this year. Chief 
engineers with whom we have 
talked in the past month say 
cooler operation and instant start- 
ing are distinct advantages in 
this type of receiver. 

In other types of sets such rec- 
tifiers are not expected seriously 
to challenge the tube at this time 
despite the fact that they are 
smaller and deliver more output 
voltage. They will, however, be 
seen in a number of straight pho- 
nographs above the jitterbug - 
portable class, and in some ac -dc 
consolettes, consoles and even 
combinations designed for the 
medium-priced market. 
Factors which at least tempora- 

rily limit the acceptance of the 
ingenious little discs, particularly 
for use in ac -dc table -type receiv- 
ers, include the somewhat higher 
overall cost (when substituted for 
a tube in a 5 -tube set a dropping 

resistor must be added to the heat- 
er string), the difficulty of han- 
dling pilot lights, and uncertainty 
about shelf -life. 

A Three -Day Trip to New Eng- 
land convinces us that textile ma- 
chinery manufacturers are pro- 
gressive. Looms in particular do 
not lend themselves to electronic 
control as readily as do certain 
ether machines but we did see 
some very practical laboratory ap- 
plications of stroboscopes and 
high-speed cameras using the Edg- 
erton principle. And an applica- 
tion of strain gages about which 
we can say no more at this writing. 

Total Output Capacity of the 
3,000 -odd electronic induction and 
dielectric heating units in use in 
the United States in 1946 is es- 
timated to be over 42,000 kw. 
These figures are from a NEMA 
brief recently filed with the FCC. 
The Association is planning a 
1947 survey on the subject. 

Patents issued to ten major in- 
dustries up to November 1946 
break down as shown in the fol- 
lowing chart: 

AUTOMOTIVE 

ELECTRICITY 

CHEMICALS 

RAILROADS 

FARM MACHINERY 

COMMUNICATION 

TEXTILES 

PLASTICS 

PRINTING AND 
PUBLISHING 

METALLURGY 

THOUSANDS 
100 200 

The National Patent Council, 
from whom the figures were ob- 
tained, says the Communication 
bar includes 22,750 patents for 
telephony, 14,491 for radio, 10,114 
for telegraphy, and 408 for elec- 
tric signalling. 

Miniature Tubes will show up 
in more broadcast -band sets this 
year than a lot of people expect. 
It seems that while they cost a 
few pennies more than conven- 
tional types when socket cost is 
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Industrial 
Heating 

Communications 
Airline 
Police 
Emergency 
Broadcast 

Medical 
Diathermy 

Experimental r -f 

EIMAC 4-750A POWER TETRODE 
Electrical Characteristics 

Filament: Thoriated tungsten 
Voltage 7.5 volt 
Current 20 amp 

Direct Interelectrode capacitances (ay.) 
Grid -plate .24 ppf 
Input 26.85 lup f 

Output 7.78 ppf 
Maximum Ratings 

D -C Plate Voltage - - - 6000 max. volts 
D -C Plate Current - - - 700 max. ma. 
Plate Dissipation - - - - 750 max. watts 

Here's a new Eimac tetrode-the power step-up you have 
been asking to have added to the Eimac line. 

Capable of 2 -kw power output at 4000 plate volts, with less than 
15 watts of grid drive, the 4-750A opens a new field of possibili- 
ties to designers of electronic equipment. A pair of these tet- 
rodes, driven by low cost, low -power tubes, will supply more than 
4 -kw output. 

A potential workhorse for communications and industrial use, 
the 4-750A has the ability to deliver its maximum power over a 

wide range of frequencies. Inherent characteristics include the 
familiar attributes of Eimac tetrodes-stability, economy, and 
dependability. 

Complete technical data and performance characteristics will 
soon be available. Write now for your copy. 

EITEL-McCULLOUGH, INC., 1401 San Mateo Avenue 
San Bruno, California 

Follow the Leaders to 

EXPORT AGENTS: FRAZAR AND HANSEN. 301 CLAY STREET 
SAN FRANCISCO 11, CALIFORNIA. U. S. A. 
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Offer Low -Cost Magnetic 
Recording with 
Brush Paper Tape and 
Magnetic Heads 

Low-cost magnetic recording -reproducing components developed by 
the pioneer and leader in this field open a new world of listening 
pleasure. Simply constructed erasing, recording and reproducing heads 
offer "hum -bucking" characteristics. When required the cartridge 
alone (pole piece and coil unit) may be supplied for incorporation 
into manufacturers' own head structure. 

Brush Paper Tape 

Easy to Handle 
Extremely low-cost 
Can be edited - .. spliced 
Greater dynamic range 
Minimum wear on heads 

These latest develop- 
ments in magnetic 
recording equipment 
can now be obtained 
for radio combinations 
and other uses. Write 

today for further 
information. 

Excellent high frequency re- 
production at slow speed 
Permanent-excellent repro- 
duction for several thousand 
play -backs 

UNEDUIEIZEO FREQUENCY RESPONSE OF 50.914 COATED PPPER TAPE 

WITH AN 910 MERO 

T/REC. 
OtcommdCCURRENT 0.3 me 
NRI.RECOYoiN CURRENT O.Rme 
MOO CURRENT 2 0 Ma ,30 MC/3 
No158 LEVEL 

R 

R OR 

01105t CURRENiMpaM RN -gis Pm) 
RRRROF. to me , 00 Mr 4 

The Brush Development Co. 
3405 Perkins Avenue Cleveland 14, Ohio 

BUSINESS BRIEFS (continued) 

included, manufacturers can 
sometimes get quicker delivery on 
them. And at least one tube maker 
appears willing to cut profit corn- 
ers in order to support mass pro- 
duction. 

Annual Profit of eight indus- 
tries, expressed as a percentage of 
investment by RMA excise tax 
committeeman Joe Gerl (Sonora) 
is as follows: 

Toilet articles 16.52 percent, 
Automobiles and trucks 15.72, Me- 
chanical refrigerators 13.99, Oil 
7.03, Firearms, 5.60, Tires 5.28, 
Electricity 4.81, Radio receivers 
2.67. 

Figures are an average based on 
the four-year period ending De- 
cember 31, 1938. 

Power Companies may prove to 
be powerful allies in the promo- 
tion of television, because the re- 
ceivers build attractive load. 
Judging from what utilities have 
done in the past to promote cer- 
tain electrical appliances, their 
help could be considerable. 

Commonwealth Edison of Chi- 
cago says it looks like the average 
television receiver will consume 
280 watts. Deducting load loss 
due to the fact that a radio would 
probably not be used at the same 
time (deduction for loss of light- 
ing load is not necessary since 
modern television receivers oper- 
ate in a normally lighted room) 
the net load is 215 watts. Assum- 
ing that the average television re- 
ceiver will be in use 3.4 hours in 
24, each one would use 731 watts 
per day. 

Antenna Tower Steel is still 
short but fabricators expect the 
situation to ease up somewhat this 
month. Light towers should soon 
be available 30 to 60 days after 
placement of orders, heavy ones 
in 60 to 90 days. 

Insulators and wire, rather than 
steel, are holding up deliveries in 
some instances. 

Embarrassment Of Riches 
plagues high -frequency heating. 
So many things can be done with 
it in industry and elsewhere that 
engineers are tempted to take a 
whack at all of them at once. 

The smart boys in management 
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are beginning to realize that while 
concentration on the half -dozen 
applications having top-drawer 
market acceptance may not be ro- 
mantic the volume pays the rent. 

Airplane Crashes have made the 
flying public jittery, even though 
few scheduled American flights 
are involved. Aviation's current 
headache may be a boon to elec- 

tronics, speeding international ac- 

ceptance of PICAO recommenda- 
tions (p 80, Feb.). Members of 

Congress are exercising their 
vocal chords about other safety 
devices. And we note with satis- 
faction that a large airline has 
just bragged in the newspapers 
that soon all its ships will have 
radio altimeters. 

1946 Receiver Production is es- 

timated at 15,000,000 by RMA. The 
following tabulation does not add 
up to that because the Associa- 
tion's report service did not get 
into full swing until several 
months had elapsed but it does 

shed light on the relative impor- 

tance of various receiver types: 
PRIVATE 

TYPE BRAND FACTORY 

Electric 
Table (under 

$ ic e) billing 
price) 436,091 1,841,572 

Table (over $12.50 
billing price) 

AM 
AM -FM 

1,065,159 4'818174 
FM (including 

converters) 2,527 
ConsolesAM 28,644 39,865 

AM -FM 851 39,182 
Table Radio -Phonos 

AM 
AM -FM 

139,275 1,076,629 
2 

Console 
Radio -Phonos 

AM 
AM -FM 

104,181 
2,494 

591,089 
123,235 

Battery 
Portable AC -DC 105,338 917,851 
Table 
Consoles 

201,125 
3 

503,846 

Auto 1,109,508 43,950 

Television 
Converters 
Radio Table 

Models 5,070 
Radio Consoles 

Direct viewing 1,344 
Projection 10 

Radio Phonos 
Direct viewing. 1 
Projection 51 

Phonographs 
Phono only. 223,886 234,468 
With radio 

attachment 82,706 423,656 

TOTAL ...... 3,494,240 10,974,461 

We Heard A Speech the other 
night that somehow tickled us, 
right from the start. It began: 
"Members of the youngest profes- 
sion " LICENSED UNDER 

TURNER MICROPHONES GIVE YOU ALL 3 

Ingenuity and skill in applying sound engineering principles 

and combining them with modern streamlined styling have 

made Turner the top name in microphones. Whatever your 

need for accurate pickup and true life reproduction of 

voice or music there's a Microphone by Turner to do the job. 

THE TURNER MODEL 211 BROADCAST QUALITY DYNAMIC 

Engineered for the critical user who is satisfied only by finest 

reproduction, the Turner Model 211 Dynamic utilizes an 

improved magnet structure and acoustic network. The high 

frequency range is extended and the extreme lows raised 

2 to 4 decibels: A specially designed precision diaphragm 
results in extremely low harmonic and phase distortion with- 

out sacrifice of high output level. Very sensitive to variations 

in tone and volume, its accurate pickup and smooth response 
is free from peaks or holes from 30 to 10,000 c.p.s. Ideal 

for both voice and music, the Turner 211 is recommended 
for quality recording, sound system, public address, and 

remote control broadcast work. It may be used with utmost 

confidence indoors or out, in any climate or temperature. 

SPECIFICATIONS: 

Output Level: 54db below 1 volt/dyne/ sq. cm. at high impedance. 

Response: Substantially flat within t5db from 30 to 12,000 c.p.s. 

Impedance: 50 ohms, 200 ohms, 500 ohms, high impedance. 

Directivity: Semi -directional. Non -directional when tilted full 90°. 

Case: Salt -shaker type in rich satin chrome finish. 

Cable: 20 ft. shielded heavy duty 2 -conductor removable cable set. 

Stand Coupler: Standard %"-27 thread. 

Ask your dealer for details or write 

THE TURNER COMPANY 
905 17th Street N. E., Cedar Rapids, Iowa 

TURN TO TURNER FOR THE FINEST IN ELECTRONIC EQUIPMENT 
U. S. PATENTS OF THE AMERICAN TELEPHONE AND TELEGRAPH COMPANY 

AND WESTERN ELECTRIC COMPANY, INCORPORATED 
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A New, Better LEVER ACTION SWITCH ! 

with positive indexing 
or spring return 

Although only recently developed and placed on the 
market, this lever action switch is in big demand. No 
wonder! It is ideally suited to intercommunications, 
centralized radio, sound distribution and public address 
equipment. It gives you a choice of positive indexing 
or spring return. It is as dependable as the leaf spring 
telephone type switch, yet available at much lower cost. 
Consider some of the other "plus" features that set this 
switch apart: Self -holding terminals of exclusive design 
are securely clinched to the stator without rivets or eye- 
lets (just try to pull them loose!). All terminals, contacts 
and ground rings are silver plated for low contact resis- 
tance. Constant tension of rotor contact members pro- 
vides a dependable, self-cleaning action. Insulation is of 
the highest -grade phenolic. 

Positive indexing types of this switch have 48 standard 
circuit combinations, 24 shorting and 24 positive non- 

... and just try to 

work this terminal 

shorting. Spring return types have 17 standard shorting 
and 17 positive non -shorting circuit combinations. Write 
for engineering data folder or see your nearest Mallory 
distributor. 
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*1004}00SANS 

USES 
6100425 500,100SB6 
ll MOONS MAXIMUM) I. KAMM SAOtUYI aunstruN ans 
I: MOUNTING COMAS º, TO 1' MOWING aNtas 

tluONUIwOiNeupE \ .yn.veer\. / 
S MAX 

sus. S05.a-'ÿ 
AIWA. 

2¡wu. 
OVE. 

/AS 

TOO.. TO 11,100 

/-.a1 TAG. 

MY 01011 TERNOTATI aros 
StIS 

WOW 

N0111 MOOT LEVEES ARE ºroves w w. II sour , 20111 

1. t Nia+ OIOTOT 

TOT Tam. . ._. 

Sanava SUMS 

ANGLE OS tivte 
ro11t 

4.01. 

M 1.wm+ nerd 
ME f0' Y.et. 

Send for Engineering Data Folder 
The Engineering Data Folder for the new Mallory Lever Action Switch contains complete specifications, available circuit combinations with respective terminal locations, dimensional drawings-everything the 

engineer needs to assist in selection of the partic- 
ular Mallory Lever Action Switch to best handle 
Ille application. 

MALLORY SWITCHES 

Y. R. MALLORY 4 CO.Inc.P. MALLORY g CO. Inc. 

(ELECTRONIC, INDUSTRIAL and APPLIANCE) 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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E L E C T R O N I C S....D O N A L D G. F I NK....E d i t o r....M A R C H, 1 9 4 7 

CROSS 

GUIDES . . . The transition of microwaves from 
military to civilian roles brings up the important mat- 
ter of waveguide dimensions. During the war, the 
Army -Navy R -F Cable Coordinating Committee estab- 
lished eight standard sizes of guide. This diversity was 
necessary because each size is operable over a fre- 
quency range of less than two -to -one, whereas the 
microwave spectrum extends over a range of 15 -to -1. 
Three sizes of guide came into most widespread use, 
covering the important radar bands at 3000, 10,000 and 
30,000 mc. But the civilian spectrum is not so localized. 
Since the FCC has assigned important services 
throughout the microwave region, coordination is 
needed to assure that the bands assigned to the most - 
used services shall be contained within the coverage of 
particular sizes of guide. Unfortunately this is not the 
case. As Moreno has pointed out (ELECTRONICS, p 100, 
May 1946) several of the fixed -mobile non -government 
microwave bands can be served only if two sizes of 
guide are provided for each service. When one consid- 
ers the complication of providing two sizes of guide, 
with all the joints and fittings that go with them, for 
a single line of equipment, it would appear wise to con- 
sider either reassigning bands in line with standard 
waveguide sizes, or alternately, standardizing the 
wave -guide sizes in terms of assigned services. So far 
as we have been able to discover, there is no industry 
or scientific group working on the problem. IRE, ASA, 
RMA? Who carries the ball? 

SERENDIPITY . . . Irving Langmuir, discussing 
the recent production of man-made snow by dropping 
dry -ice pellets through clouds, reveals that the discov- 
ery was an unlooked-for bonus in a routine investiga- 
tion. He blamed the good fortune on "serendipity", a 
word coined by Walpole to mean the gift of finding 
valuable or agreeable things not sought for. The his- 
tory of all science, and particularly of electronic sci- 
ence, is studded with such serendipitous occasions. The 
gift is not arbitrarily bestowed. It comes to those who 

TALK 

follow the "procedure of the 10 per cent", a program 
first brought to our attention by C. J. LeBel: a device 
(or technique) may be radically improved either by 

radical redesign, or merely by improving every part 
(or procedure) by 10 percent. It is on those who con- 

scientiously seek the 10 percent that the goddess of 
serendipity most often smiles. 

VETERANS ... Among the hundreds of thousands 
of soldiers and sailors trained in electronics during 
the war, many sustained wounds and injuries. They, 
it seems to us, deserve first consideration in plants 
and laboratories which can use their skills. The Vet- 
erans Administration, listed under U. S. Government 
in your phone book, can put you in touch with quali- 
fied applicants, will provide funds for on-the-job 
training. Records show that the handicapped worker 
meets the competition of his able-bodied neighbor in 
production, outdoes him in loyalty to the job. 

TOO MANY ... The use of television as an indus- 
trial tool is coming into the news, but it's not all good 
news. We hear, for example, that television is being 
used to monitor the water level in the boilers of a 

power -generating station. Without inquiring into the 
merits of this particular case, we are impelled to ask: 
Is this necessary? The simplest television system we 
know of (Block III) uses 55 tubes in a single trans- 
mitter and receiver. Simple telemetering systems, fully 
capable of monitoring water level or any other single - 
valued quantity, employ a lot fewer than 55 tubes, or 
no tubes at all. Television has plenty of uses in indus- 
try, as a substitute for the human eye, but not as a 
substitute for a meter, or even a dozen meters. The 
cause of electronics in industry is not served by such 
over -engineered applications. The simpler the circuit 
and the fewer the tubes, consistent with necessary per- 
formance, the better. And if a job can be done well 
without tubes (we admit to a few of these), that's the 
way to do it. 
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FCC Views 
Television Advances 

Color vs black -and -white contest sharpens as industry demonstrates competing equipment 
at hearing. New monochrome equipment shows great increases in brightness and con- 

trast. "Mixed highs" technique for simultaneous color system revealed 

FOR THE FIRST TIME in its long 
history of adjudicating the 

standards and allocations of tele- 
vision, The Federal Communica- 
tions Commission recently brought 
operating equipment into the court 
room for a first-hand check on the 
claims of conflicting systems. The 
occasion was a three-day session at 
the District Court House in New 
York and at the RCA Laboratories 
in Princeton, during which black - 
and -white and color systems were 
demonstrated while technical meas- 
urements of the brightness and 
resolution of the images and their 
ability to withstand external light 
were made by engineers. 

The major issues under discus- 
sion have already been treated in 
these pages' `. The Columbia Broad- 
casting System has petitioned for 
immediate commercialization of 
their sequential color system, while 
the opposition has argued that this 
system cannot at present offer the 
same service as the existing black - 
and -white system. In particular, the 
Radio Corporation of America has 
urged that the simultaneous system 
of color is preferable to the sequen- 
tial system, since it can be inte- 
grated with the present black and 
white standards, thus avoiding ob- 
solescence of equipment now being 
sold to the public. The demonstrà- 
tions were intended to illustrate 
both sides of the controversy. 

Sequential Color Systems 

During the first day of the dem- 
onstration, CBS and Bendix showed 
sequential color receivers of iden- 
tical internal design, picking up 
both live and film programs from 
the CBS transmitter about two 
miles away. It was shown that these 

pictures (on ten -inch tubes, magni- 
fied optically to 12 -inch size) had a 
highlight brightness of 10 to 20 
foot -lamberts, and that they had 
high resistance to external illumi- 
nation because of the protection af- 
forded by the rotating filter disk. 
On the second day of the session, 
DuMont Co. showed black -and -white 
pictures on a comparative basis. 
Three sets having 12, 15 and 20 - 
inch tubes with aluminum -backed 
phosphors, and operating at about 
20,000 volts, were shown. The high- 
light brightness of the 12 -inch tube 
was measured at 500 foot -lamberts 
and on one occasion as high as 750. 

A neutral -gray optical filter, admit- 
ting about 9 percent of the light 
and matching the average transmis- 
sion of the color disks, was placed 
before the monochrome images and 
the protection against ambient il- 
lumination, similar to that of the 
color receivers, was demonstrated. 

At Princeton, RCA demonstrated 
its simultaneous color system, pro- 
ducing a 15 -by -20 -inch picture of 
about 5 foot -lamberts highlight 
brightness. The interchangeability 
of the simultaneous system with 
the present black -and -white stand- 
ards was demonstrated by receiv- 
ing the commercial monochrome 
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FIG. 1-By transmitting all fine detail of the image through the green channel, 
RCA mixed -highs system reduces bandwidth requirements of simultaneous system 

by 2mc. achieves effect of black plate in color printing. 
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Television enters the court -room. FCC commissioners view Bendix and CBS color receivers side by side with DuMont monochrome 
units, as Peter Goldmark (at left of woman court reporter) testifies 

NBC transmissions from New York 
on the color receivers, and (by the 
use of an r -f converter) receiving 
the color transmissions in mono- 
chrome on standard production 
model monochrome receivers. The 
channel width employed by RCA 
was 14.5 mc, as compared with 16 
mc for the CBS system. 

"Mixed -Highs" System 

Following this a new proposal for 
transmitting color images on a still 
narrower bandwidth was revealed, 
the so-called "mixed -highs" system. 
As shown in Fig. 1, the high video 
frequencies produced by the three 
color chains are separated and com- 
bined, then transmitted over the 
green r -f channel, which has full 
bandwidth. The red and blue chan - 

HINGED LID-__ 

LOUD -- 
SPEAKER 

PROJECTION 
C -R TUBE - 

SPHERICAL- 
MIRROR 

s 
\ -DIRECTIONAL 

v--\ REFLECTING s \ SCREEN 
\ 
\ 

4"-- \TO AUDIENCE 

METALLIC 
MIRROR 

CORRECTION 
PLATE 

FIG. 2-Projection system of new Philco 
receiver, shown at Princeton for first time. 
The directional reflector confines light to 
eye level, thus increasing brightness and 
contrast four times over comparable projec- 

tion units 

nels transmit only the low -fre- 
quency components. As a result, 
the fine detail of the image, repro- 
duced by the high frequencies, is 
reproduced in shades of gray, 
whereas the broad areas of the im- 
age (larger than ieth to *th -inch 
on a 15 by 20 -inch screen) are re- 
produced by the low frequencies of 
the three channels in their respec- 
tive colors. This technique is very 
similar to that employed in color 
printing, in which the detail of the 
image is carried by a fourth plate, 
the so-called black -printer, which 
carries black ink and reproduces the 
detail in shades of gray, over three 
primary colors imprinted by three 
other plates. 

The system permits a 525 -line 
color image to be transmitted over a 
12.5 -mc channel, while still preserv- 
ing conformity of the green channel 
with the black -and -white standards, 
so that the green image may be re- 
ceived in monochrome on existing 
receivers. According to E. W. Eng- 
strom, who conducted the demon- 
stration, no difference between the 
images of the normal simultaneous 
system and the mixed -highs sys- 
tem can be seen at a viewing dis- 
tance greater than four times the 
picture height. No difference was 
noted by the viewers when the im- 
age was switched from one system 
to the other. 

Curved Viewing Screen 

The final demonstration at 
Princeton was something of a sen- 
sation, the first public showing of 
the long -rumored Philco projection 

black -and -white receiver, shown 
schematically in Fig. 2. A full pro- 
gram of live -talent, remote pick-up, 
and film programs transmitted by 
NBC in New York was reproduced 
for the Commission, press and other 
witnesses. This receiver produced a 
15 by 20 -inch picture, from a four - 
inch projection tube and Schmidt 
optical system, arranged within the 
cabinet to fit into a minimum of 
space. The picture had about 4 

times the brightness of similar pro- 
jection pictures previously shown 
and displayed a vast increase in 
contrast and resistance to external 
light. The picture was viewed com- 
fortably with sun streaming in the 
windows. 

The secret of this receiver is the 
use of a directional viewing screen, 
consisting of a coating of unan- 
nounced composition on a curved 
aluminum back. This screen con- 
fines the reflected light to a small 
angle, measured in the vertic.al 
plane, while permitting it to spread 
over a range of perhaps 100 degrees 
in the horizontal direction. Thus 
many viewers around the set, seated 
with their eyes at screen level re- 
ceive an equally bright picture, but 
little light is lost in the direction 
of the floor and the ceiling. The 
screen action also prevents external 
light from being reflected into the 
eyes of the observers and thus pre- 
serves high contrast even when the 
ambient light is very high.-D.G.F. 

REFERENCES 

(1) Fink, D. G., Where Color Television 
Stands, ELECTRONICS, p 104, May 1946. 

(2) Fink, D. G., Two Systems of Color 
Television, ELECTRONICS, p 72, Jan. 194.7. 
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Experimental Westinghouse setup of microwave heating equipment. Liquid 
in container held near opening in waveguide is heated by r -f energy 

MANY worthwhile applications 
of dielectric heating are im- 

practical at the present time be- 
cause of limitations in heating 
speed imposed by the necessity for 
use of radio -frequency power at 
conventional frequencies. Frequen- 
cies hi the microwave region offer 
possible future solution to these 
types of applications if means can 
be found for generating sufficient 
power on a continuous rather than 
pulse basis. The purpose of this 
paper is to look into the future of 
microwaves and expose insofar as 
possible at this time the techniques 
that appear to be rational for in- 
dustrial heating applications. 

The only microwave tubes in 
large-scale production at present 
are resonant -cavity magnetrons for 
pulsed operation. Though they 
give peak power outputs of a mega- 
watt or more, the average power is 
seldom over 1 kw, which is just 
on the verge of being useful for 
heating purposes. Furthermore, 
pulsed operation is seldom useful 
for heating, as the work piece is 
subject to large voltages during the 
operating time and must be suita- 
bly arranged to prevent breakdown. 

The two tubes which show the 
greatest promise for future work in 
dielectric heating are the split - 
anode magnetron and the resna- 
tron. The split -anode magnetron 
will develop 10 kw continuously 
with an efficiency of 50 percent at 

HEATING 

wavelengths of 40 to 90 cm; though 
there is no production of this tube 
at present, it could be made if the 
need arose. 

The resnatron type of tube is the 
only source available in the 50 -kw 
range. It is a beam -type tetrode 
which can be used either as an 
amplifier or oscillator at wave- 
lengths of 10 to 100 cm, with con- 
tinuous operation at an efficiency of 
25 to 60 percent. It was put into 
small-scale production by Westing- 
house, some twenty tubes having 
been made. 

Assuming a suitable source of 
r -f power, the problems of making 
this power available for dielectric 
heating differ considerably from 
those commonly encountered with 
conventional frequencies, it is no 
longer possible to use the ordinary 
open -wire transmission line to con- 
vey the power from the source to 
the work, due to the excessive loss 
by radiation from such a line at 
microwave frequencies. 

Coaxial type transmission lines 
are satisfactory for wavelengths as 
low as 10 centimeters or less under 
certain conditions, but at wave- 
lengths around 10 cm and some- 
times up to 60 cm or above it be- 
comes of material advantage to use 
waveguides for the transmission of 
power. 

The problems of impedance 
matching in waveguides are similar 
to those for cogxial lines. Variable - 

length stubs may be used, and there 
are many ways of terminating a 
waveguide so that no reflection will 
occur from the termination. 

If the load to be matched is con- 
stant, a fixed diaphragm may be 
soldered into the guide at the cor- 
rect place to effect a match. If the 
load is constantly changing, then 
one must have a continuously ad- 
justable matcher, such as a two - 
stub tuner. 

Textile Applications 

In many industries we have di- 
electric heating problems involving 
the drying, curing, or setting of 
resins or glues in continuous proc- 
esses. Take the textile industry as 
an example. They dry cloth after 
dyeing, both in bulk and on a con- 
tinuous basis. Printed fabric re- 
quires a rapid drying cycle for the 
dyes and inks used. In the paper 
industry we also encounter drying 
of the material on a continuous 
sheet basis at high speed. 

At conventional frequencies where 
power in sufficient quantity may be 
available to accomplish the drying 
of paper and textiles we are still 
limited by the inability to get that 
power into the work. The amount 
of power transferred into the work, 
once frequency is set, varies with 
the square of the voltage across the 
electrodes. Actually, power is pro- 
portional to the product of fre- 
quency, loss factor, and the square 
of the voltage. 

For thin materials such as paper 
and cloth it is impossible to apply 
sufficient voltage across the elec- 
trodes at conventional frequencies, 
as flashover between the electrodes 
takes place long before any appre- 
ciable amount of power is coupled 
into the dielectric work material. 
The answer obviously is to use a 
much higher frequency. 

Figure lA illustrates how a cav- 
ity resonator might easily be used 
to put power into rapidly moving 
thin sheet material. We have a di- 
electric field of uniform character 
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WITH MICROWAVES 

Suggested methods of utilizing waveguides for applying microwave energy to moving or 
stationary wires and threads, sheets, or irregularly -shaped objects to achieve uniform 
dielectric heating, and survey of tubes offering possibilities for continuous operation 

By J. MARCUM and T. P. KINN 
Hi scorch Laboratories Industrial Electronic Engineering 

Westinghouse Electric Corporation 
East Pittsburgh, Pa. Baltimore, Md. 

only in one dimension, in the plane 
of the E field which is a maximum 
at the center of the cavity or guide. 
By passing the material through 
slots at the top and bottom of the 
cavity we subject it to the strong 
dielectric field, but because of the 
standing wave effect along the 
length of the cavity the material 
will be heated unevenly if passed 
straight through the cavity. By 
making the entry and exit points a 
half -wavelength apart we obtain a 
condition which insures uniform 
heating as the material passes 
through the cavity. 

Heating Sheets of Material 

It is easy to picture this method 
of coupling microwave power as be- 
ing used to perform many commer- 
cial heating jobs, including the 
bonding and drying of wallboard 
materials, floor covering materials 
such as linoleum, and plastic -bonded 
cork materials. Continuous curing 
of sheet rubber, plastics, and syn- 
thetic materials and production of 
plywood on a continuous basis are 
still other likely applications. 

It may be possible and in some 
cases desirable to heat sheet mate- 
rial as shown in Fig. 1B. Here the 
microwave or radar antenna is put 
to work as a means of coupling en- 
ergy into a material to be heated. 
An outstanding property of micro- 
waves is this ability to concentrate 
them into a narrow pencil -like beam 
by means of a reasonable antenna 
structure. A so-called bedspring an- 
tenna designed to have uniform dis- 
tribution of field can be used to 
heat large sheet material. The 
shape of such an antenna is flexible 
to a degree and therefore lends it- 

self to the efficient heating of vari- 
ous widths and shapes of material. 

Drying Applications 

If we turn from sheet material to 
such items as wire and thread we 
again find innumerable problems 
where microwaves may be applied. 
Textiles such as rayon and nylon 
must be cured, dried, and the twist 
set. Rubber thread material, both 
synthetic and pure Latex, must be 
cured. Many insulating coatings 
on wire, either rubber, synthetic, or 
enamel, must be dried or cured. All 
of these operations must be accom- 
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FIG. 2-Five methods to transferring microwave energy from a waveguide to a wire 
or thread for dielectric heating 
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FIG. 1-Running continuous strip material through a resonant cavity at an angle as at A gives uniform dielectric heating. At B is 
shown one possible method of using a radar bedspring antenna for dielectric heating of moving material 
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plished by heat applied at high 
speed. Again, with conventional 
frequencies it has been impossible 
to couple energy into such materials 
at a rate suitable for production 
requirements. 

Such production problems may 
some day be solved by microwave 
energy applied as shown in Fig. 2A 
and 2B. Here we have a long cav- 
ity through the center of which we 
can pass the wire or thread that is 
to be heated. The possibilities of 
such an arrangement are easily 
visualized. Energy transfer of such 
a system may be rather inefficient, 
in which case the arrangement 
shown in Fig. 2C, 2D, or 
2E may become more practical. 
These same means of increasing 
coupling efficiency could be applied 
to sheet material. 

In the lumber industry we find 
many problems of gluing waiting 
for solution by dielectric heating. 

FIG. 3-Arrangement of waveguide with 
radiating holes for spot -tacking of glue 
line simultaneously at many points in 

edge -glued lumber 

Spot gluing and edge gluing could 
be accomplished readily by the con- 
centrated fields made possible 
through the use of openings in 
waveguide structures. Holes in 
waveguide structures would apply 
concentrated fields to the glue line 
as illustrated in Fig. 3. The contin- 
uous bonding of plywood by a 
method similar to either Fig. lA or 
Fig. 1B would make possible a proc- 
ess which to date has not been tack- 
led because of the major difficulties 
encountered by conventional press 
designs and curing methods. 

Preheating Plastics 

The plastics industry is now a 
big user of r -f energy for preheat- 
ing material prior to molding. Con- 
ventional frequencies adequately 
supply the heating rates normally 
used for hand -fed press operation. 
High-speed automatic operation 
could now use r -f energy to advan- 
tage, however, if sufficiently fast 

heating rates could be obtained. 
The answer again will probably be 
microwave energy, possibly applied 
as shown in Fig. 4A. Jet molding 
on an automatic basis could easily 
become one of the faster means of 
molding thermosetting material. 

The problem of preheating mold- 
ing material is one of uniform heat- 
ing. Because of the uneven field 
distribution in a guide or cavity, 
special means are necessary to pro- 
vide a uniform field for uniform 
heating. Figures 4B, 4C, 4D, and 
4E illustrate possible ways of ob- 
taining this uniform field. Figure 
4B shows two electrode plates with 
strap tuning inductance so placed 
in a guide that the inductance 
straps couple to the magnetic or H 
field. Figure 4C shows the elec- 
trode as a part of a quarter -wave- 
length antenna located within a 
cavity. Similarly, Fig. 4D suggests 
adjusting the thickness of the cav- 
ity in the E field dimension to suit 
the thickness of material, the ma- 
terial being confined to only the 
central part of the guide. The re- 
moval of energy from a guide to 
apply it to external electrodes can 
be accomplished by coupling at two 

points a half wavelength apart and 
selecting proper odd quarter -wave- 
length leads as shown in Fig. 4E. 

Microwave energy piped to num- 
erous press positions from one cen- 
tral generator may be the future 
answer to many a molder's present 
problems. A central generator sup- 
plying many operating positions, as 
in Fig. 4F, has not proved too satis- 
factory at conventional frequencies 
because of the many switching, 
matching, and voltage problems en- 
countered. The ease with which 
any degree of energy desired can 
be removed from a waveguide 
makes such problems as voltage and 
switching simple. There is still the 
problem of suitable match of the 
guide to the generator, but here 
again the problem is actually sim- 
plified by the relatively simple 
means we have of obtaining adjust- 
able capacitance and inductance at 
microwave frequencies as compared 
with the limitations of lumped im- 
pedances at conventional fre- 
quencies. 

In the field of plastic and syn- 
thetic materials there is the rap- 
idly growing demand for bonding 
or sewing of sheet material such 
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FIG. 4-Suggested methods of utilizing microwave energy in molding of plastics 
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(A) (B) 

FIG. 5-A method of concentrating microwave energy at a 
narrow joint by means of a flexible waveguide is illustrated 
at A, and use of a divergent taper at the waveguide aperture 

for spreading the heating energy is shown at B 

as the vinylidene chloride mate- 
rials. Here again conventional fre- 
quencies are relatively slow and 
microwave energy properly applied 
may be the answer. By concentrat- 
ing extremely high frequencies it 
may be possible to bond such sheet 
materials at an unbelievable rate 
with rather simple handling equip- 
ment. By making use of presently 
available flexible waveguide mate- 
rial, such a bonding operation could 
be made semiportable. Figure 5 il- 
lustrates two such possibilities of 
the future where concentration of 
power is desired or when larger 
surfaces must be bonded. 

Curing Rubber 

The rubber industry is also a 
large user of r -f power at conven- 
tional frequencies. Many produc- 
tion problems in this industry, how- 
ever, await solution by the use of 
higher frequencies. Being a very 
poor thermal conductor, rubber 
lends itself naturally to dielectric 
heating. Where speed and quality 
are of prime importance, r -f energy 
supplies the answer. Probably one 
of the most desired places for qual- 
ity in a rubber product is the tire 
we put on our own automobile. 
Radio -frequency curing of rubber 
in that tire could give that extra 
something we are all looking for in 
a tire. Microwave energy mad 
again be the final answer, and Fig. 
6 illustrates one possible method 
for accomplishing such a produc- 
tion problem. The field distribution 
within a cavity is put to advantage 

FIG. 6-Method of curing automobile tire by means of micro- 
wave energy 

to assist in a uniform heating and 
therefore uniform curing job. 

Food Industry Applications 

The largest industry of them all, 
the food industry, is just becoming 
conscious of the potential advan- 
tages offered by r -f heating. The 
sterilization, blanching, and cook- 
ing of foodstuffs are all possible 
applications for r -f energy. Recent 
development work indicates that 
very large advances in quality may 
be possible in the future by using 
r -f energy for blanching and steril- 
izing. These same developments in- 
dicate the need for higher frequen- 
cies in the microwave region to 
produce the desired results at the 
volume and speed normally used in 
processing foods. 

The future is sure to bring pres- 
sure on the electronic industry for 
equipment to process all types of 
foodstuffs. This pressure will be- 
come apparent as the food technolo- 
gists progress in their present 
studies of r -f blanching and steril- 
ization. 

Many other applications will pre- 
sent themselves in the food indus- 
try. For example, much speculation 
on the cooking of various foods has 
stimulated the imagination and 
even brought forth the desire to 
rapidly defrost and cook a plate 
full of frozen meat, potatoes, and 
vegetables. Unequal heating of the 
various foodstuffs when subjected 
to an r -f field makes this problem 
impractical at conventional fre- 
quencies. By using the unequal field 

distribution found in a cavity reso- 
nator it may just be possible that a 
suitable combination of frequency, 
cavity size, food stuffs, and proper 
orientation of the food in the field 
of the cavity would give a means of 
accomplishing the desired result. 

Conclusions 

Throughout this paper it has 
been the attempt to show the pres- 
ent techniques of generating and 
handling microwave energy and 
speculate on how these known tech- 
niques might be applied to indus- 
trial heating problems. Some of 
the suggested methods of use may 
appear somewhat fantastic, but it 
is believed that the principles in- 
volved are fundamentally sound. 
Therefore, the ideas presented 
should serve to stimulate thought 
and development. 

It must be clearly recognized that 
this paper is in the nature of an ex- 
ploratory trip into the future and is 
not intended to indicate that pres- 
ent techniques utilizing presently 
available frequencies will in any 
sense have to be completely re- 
placed. 

It is more necessary that the 
heating development engineer study 
the use of microwave energy in in- 
dustry and thereby create a de- 
mand, a big demand for high power 
at microwave frequencies. If this 
demand is sound the tube develop- 
ment engineer will have incentive 
to create what is needed, and micro- 
wave techniques in industry will be- 
come a reality. 
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OUR ENGINEERS have recently 
completed and tested a radio 

relay system suitable for the trans- 
mission of black -and -white televi- 
sion signals. The basic aim of the 
project was to provide equipment 
for intercity multiple -link radio re- 
laying, and to develop similar equip- 
ment suitable for studio -to -trans- 
mitter or remote pickup relaying. 
The present equipment operates in 
the 1,350 -mc band and consists of 
two basic combinations of compo- 
nents, outlined in the block dia- 
grams of Fig. 1 and 2. 

Figure 1 is a block diagram of 
the studio -to -transmitter link. A 
composite television signal (video) 
of one volt peak -to -peak value, with 
the synchronizing signal negative, 
is required at the input. This in- 
put signal is applied to a deviator 
unit, which amplifies the video sig- 
nal and uses it to deviate oppositely 
a pair of reflex klystron microwave 
oscillators. The output signals from 
these oscillators are mixed in a 
crystal to produce a difference fre- 
quency. 

By WILSON BOOTHROYD 
Project Engineer, Research Division 

Philco Corporation 
Philadelphia, Pa. 

The difference frequency consti- 
tutes an f -m signal in the 115 -mc 
region. The peak input signal, cor- 
responding to the voltage difference 
between the tip of the synchroniz- 
ing signal and the peak white of 
the video signal, will cause a swing 
of 13 me in the difference fre- 
quency. The difference frequency 
corresponding to the synchronizing 
pulse peak is established at 107 mc. 
The minimum difference frequency 
of the microwave oscillators is con- 
trolled by an afc circuit, so that the 
sync pulse is transmitted at a con- 
stant frequency, regardless of pic- 
ture content. 

The difference -frequency signal 
is amplified in a wideband i -f am- 
plifier having a pass band from 105 
to 125 mc. The output signal from 
this i -f amplifier and an r -f carrier 
are applied to a pair of output tubes 
which serve as a heterodyne con - 

OSCILLATOR 
CATHODE BIAS 

verter, from which is derived an 
r -f output signal whose frequency 
is the sum of the frequencies of the 
two input signals, i.e., a signal in 
the 1,350 -mc region having an out- 
put spectrum 20 -mc wide. The r -f 
output is radiated from a 48 -inch 
parabolic reflector antenna system. 
For convenience of installation and 
portability, flexible cable is used to 
connect the antennas to both the 
transmitter and receiver. 

The receiver is a superhetero- 
dyne using a crystal mixer, a veloc- 
ity -modulated local oscillator tube, 
an i -f amplifier having a pass band 
greater than from 65 to 85 mc, a 
discriminator and video amplifier, 
and an afc circuit for controlling 
the local oscillator. 

Figure 2 is the repeater station 
diagram. Here, in comparison with 
the receiver of the studio -to -trans- 
mitter -link, the discriminator of 
Fig. 1 has been replaced by an i -f 
converter and a crystal -controlled 
amplifier. The r -f carrier oscilla- 
tor for the transmitter is also used 
as a local oscillator for the receiver. 
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RELAY SYSTEM 
Wideband frequency -modulation equipment operating on 1,350 me handles black -and - 
white video signals. Equipment is equally useful for intercity multiple link or studio -to - 

transmitter work. Heterodyne modulation and remodulation are employed 

Several characteristic features 
of the equipment will be apparent 
from the foregoing discussion. 
Most important is the elimination 
of all video amplifiers except the 
simple ones at the transmitting and 
receiving terminals. Next is the 
provision for wideband deviation 
and amplification. A third feature 
is the use of heterodyne modulation 

and remodulation, which provides 
for faithful frequency conversion 
without demodulation to video fre- 
quencies or to an amplitude -modu- 
lated signal. Other important cir- 
cuits which will be discussed herein 
include the following: 

(1) Design of i -f amplifiers for 
good phase response. 

(2) Use of sync -tip afc circuits 

DEVIATO 
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H 
AFC 

115 -MC 
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DISC. 

R- F 

OSC r 
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75 -MC 
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AFC 

DISC VIDEO 
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OUTPUT 

FIG. 1-Block diagram of studio -to -transmitter link equipment, showing video trans- 
mitter, at the left, receiver at the right, and the radio path between them 

with a frequency -modulated carrier. 
(3) Use of constant -impedance 

coupling networks between chassis 
units. 

(4) Novel circuitry for i -f ampli- 
fier design. 

(5) Novel design of r -f hetero- 
dyne mixer stage. 

Transmitter Circuits 

The various transmitter compo- 
nents are described in the order of 
their use in a studio -to -transmitter 
link. The video amplifier, which is 
conventional, includes an input 
cable impedance -matching resistor, 
a gain control (for adjusting devi- 
ation), and a push-pull video am- 
plifier having a gain of 10. With 1 

volt peak -to -peak input, the ampli- 
fier output tubes will deliver 7.5 
volts in each plate circuit. These 
signals, of opposite polarity, are ap- 
plied to the repellers of a pair of 
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FIG. 2-Diagram of 1,315 -mc television relay system. Transmitting terminal block at the left and receiving terminal block at the 
right are similar to the units in the studio -transmitter equipment diagrammed in Fig. 1 
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Front (left) and back views of a typical relay receiver chassis 

2K28 oscillator tubes to deviate 
these tubes oppositely and thus in- 
crease their frequency difference 
compared to their frequency differ- 
ence during the peak of the sync 
pulse. 

Conventional a -c coupling from 
the video amplifier to the oscillator 
repellers is unsatisfactory, because 
it would permit the drifting of the 
frequency which corresponds to the 
peak of the sync pulse, with changes 
in picture signal content. Hence 
leveling diodes are employed across 
the coupling resistors so that the 
repeller voltage (and hence the os- 
cillator frequency) during the sync 
pulse is determined by d -c bias. By 
this means the sync pulse is always 
transmitted at the same i -f fre- 
quency. This makes possible the 
type of automatic frequency control 
described below, as well as other ad- 
vantages. 

In order to obtain linear devia- 
tion of the oscillator frequency over 
an adequate range, without requir- 
ing excessive voltage swing, the os- 
cillators are loaded by short trans- 
mission lines which are coupled to 
the oscillators and serve as dissipa- 
tive elements to broaden the oscil- 
lator frequency characteristic. Fig- 
ure 3 shows the typical curve of one 
of the oscillator stages under vari- 
ous load conditions, as well as the 
construction of the dissipative lines. 

The microwave oscillator output 
signals from the deviator are mixed 
in an untuned mixer assembly 

mounted on the i -f preamplifier. 
The first four stages are conven- 
tional single -tuned stages whose 
frequencies and Q values are as 
prescribed by the overall amplifier 
pole diagram to be described. To 
change from a single -sided ampli- 
fier to a push-pull stage, susceptance 
coupling, using a capacitive suscep- 
tance in one arm and an inductive 
susceptance in the other, is used. 
This simple coupling arrangement 
has been found to give good per- 
formance. 

Because the i -f preamplifier and 
power amplifier were constructed on 
separate chassis units, the preampli- 
fier output circuits were so designed 
that variations in distributed ca- 
pacitance across the power ampli- 
fier input terminals may be easily 
tuned out. Figure 4 shows the 
preamplifier output and power am- 
plifier input circuits. The power 
amplifier consists of two stages of 
push-pull amplifiers terminating in 
a single -ended connection for driv- 
ing the grids of the tubes in the 
output cavity resonator. To obtain 
maximum mutual conductance, 
these i -f amplifier tubes are oper- 
hted from a 200 -volt supply at max- 
imum current. The transition from 
push-pull to single -ended output is 
again accomplished by susceptance 
coupling. 

The i -f amplifier (including both 
preamplifier and power stages) con- 
sists of a number of single and 
double -tuned circuits whose reso - 

MIXER CHASSIS 
VIDEO AMPLIFIER 

CHAIS 
AFC CHASSIS 

nant frequencies and Q values are 
arranged in accordance with the 
polar diagram of Fig. 5. As shown, 
the tuned circuits are symmetri- 
cally disposed about the axes, and 
produce the indicated amplifier re- 
sponse. This amplifier was designed 
for best phase response with pairs 
of poles assigned to appropriate 
stages. Each amplifier in the system 
was designed for optimum phase re- 
sponse and good amplitude response, 
consistent with efficient use of avail- 
able tubes. Additional poles re- 
quired by the r -f and antenna cir- 
cuits are tuned to center frequency 
and made adequately broad. To 
facilitate alignment of the 115 -mc 
power amplifier, all stages are de- 
signed so as to permit lowering of 
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their screen voltages. Then grid 
currents may be successively me- 
tered while a sweep -frequency sig- 
nal is applied to the amplifier for 
alignment. 

The afc and a monitor are in- 
cluded in the i -f chassis. The dis- 
criminator on this chassis is un- 
usual in that it is tuned for an un- 
symmetrical response, as shown in 
Fig. 6A, having no output at 107 
me and a linear characteristic for 
frequencies from 105 me to 119 mc. 
This response curve is desirable for 
two purposes. First, for afc pur- 
poses, the discriminator output is 
d -c coupled to a 1N34 crystal which 
is poled as shown in Fig. 6B to 
pass only signals of positive poten- 
tial. If the i -f signal is within the 
proper frequency region of the spec- 
trum, the crystal will pick off only 
the peaks of the sync pulses. These 
sync pulse peaks are then amplified, 
detected, and applied as d -c bias to 
a 6SJ7 d -c amplifier. This amplifier 
is operated between such potentials 
that its plate voltage is at the proper 
potential for the repeller of one of 
oscillator tubes of the deviator. 

A variable resistor in the ampli- 
fier cathode is used to obtain the 
initial adjustment. The circuit op- 
erates in such a manner that, should 
the frequency difference of the two 
deviator oscillators at the time of 
the sync pulse be other than normal, 
more or less sync pulse will be 
picked off from the discriminator 
circuit and used to provide a cor- 
recting voltage for application to 
the grid circuit of the d -c amplifier 
to modify the frequency of one of 
the oscillators by repeller tuning. 
Both the amplifiers in the afc cir- 
cuit are operated at high gain, so 
that drift will be negligible, and 
hence the intermediate frequency 
will be held constant within the 
limit of accuracy of the discrim- 
inator tuning. 

The second function of the un- 
usual discriminator curve is to pro- 
vide a means of monitoring the 
deviation. When the deviation is 
normal, the video signal viewed at 
the monitor output point will show 
slight saturation of the peak white 
signal when viewed on a standard 
oscilloscope. This is caused by the 
frequency corresponding to the 

negative peak of the discriminator 
curve. If deviation is subnormal 
there will be no saturation, or if 
overnormal the saturation of the 
peak white signals will be severe. 
Since this circuit is only a monitor 
circuit and is not a part of the sig- 
nal amplifier, there will be no dis- 
tortion of the output signal even 
with saturation in the monitor 
channel. 

R -F Power Amplifier 

The power amplifier terminates 
in the circuit of Fig. 7, which shows 
the heart of the transmitter, the r -f 
heterodyne output stage. The final 
stage of the i -f amplifier is an 829B 
tube, with the output coupled by 
susceptance into the single -sided 
circuit which drives the output 
stage grids. 

The output stage consists of a 
cavity resonator housing a pair of 
2C39 tubes. The main body of the 

cavity is a cylinder with its axis 
perpendicular to the grid plane. The 
grid plane, insulated from the cav- 
ity shell, is supported in the equator 
of the cavity and contacts the out- 
put tube grids, thus forming sepa- 
rate plate and cathode cavities with- 
in the main shell. The cathode cav- 
ity includes transmission lines 
whereby the filament connections 
are made, each line being tunable 
by means of capacitance adjust- 
ments. The cathode cavity is ex- 
cited by a carrier -frequency signal 
from the oscillator and buffer stages 
in the second order TE0,,a mode, in 
such a way that an equipotential 
plane extends between the two 
tubes. 

The grid plane is effectively 
grounded at the carrier frequency 
by a pair of open -circuited quarter - 
wave lines which are tuned by 
means of polystyrene slugs. These 
lines also form the principal me - 
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chanical support for the grid plane. 
The grid plane is excited at the i -f 
frequency. Contact from the i -f 
final amplifier to the grid plane is 
provided by a rod which lies in the 
equipotential plane within the cav- 
ity. The capacitance of the grid 
plane is resonated with the induc- 
tor L, which is actually within the 
cavity, the d -c lead being brought 
out through a feed -through bypass 
capacitor. Thus the cathodes of the 
output tubes are driven in push-pull 
by a balanced r -f carrier signal, 
while the grids are driven in 
parallel by the frequency -modulated 
i -f signal. High-level signals are 
applied to both cathode and grid 
circuits, and the tubes are biased 
by grid current to approximately 
three times normal cutoff. 

The plate cavity is tuned by slug 
tuners to either the sum or the dif- 
ference frequency of the two input 
signals. The r -f output, comprising 
a frequency -modulated carrier hav- 
ing a deviation equal in megacycles 
to that of the i -f signal, is obtained 
through a coupling loop. The output 

cavity is loaded to a bandwidth in 
excess of 20 megacycles. Normal op- 
erating conditions for this stage are 
approximately as follows: B volt- 
age, 700 volts; plate current 0.060 
amp per tube; grid bias, 30 volts 
(due equally to carrier and i -f 
drive) ; carrier frequency approxi- 
mately 1,240 mc; i -f drive fre- 
quency, 105 to 125 mc; output fre- 
quency, 1,345 to 1,365 mc; power 
output, in excess of 25 watts; car- 
rier -frequency output (without ad- 

ditional filters), about 35 db below 
output signal. 

Receiver Circuit 

The receiver circuits (Fig. 1) 
are all conventional or similar to 
those of the transmitter, except that 
the i -f amplifier consists of 12 stag- 
ger -tuned stages. Its polar diagram 
is shown in Fig. 8. Additional poles 
are required for input and output 
coupling networks. Single -tuned 
stages were used throughout be - 
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cause of the simplicity of the layout 
and the ease of alignment and serv- 
icing. This amplifier has a mean 
gain per stage of about 2.7 and is 
so simple in construction that its 
coils can be preadjusted on a Q - 
meter before installation. 

As tubes may be replaced with- 
out retuning, the circuits are effec- 
tively fixed -tuned. The amplifier op- 
erates effectively on an r -f input of 
approximately 95 db below 1 watt, 
although its normal operating range 
is at a much higher level. The re- 
ceiving output is 1 volt peak -to -peak 
across 70 ohms (corresponding to 
the input level). Thus the output 
signal corresponds in all respects 
to the input signal. 

The i -f frequency bands are se- 
lected primarily for their adaptabil- 
ity to the double superheterodyne 
amplifier of the repeater station. An 
input signal (from a previous 
transmitter) is heterodyned against 
an r -f oscillator signal to obtain a 
75 -mc i -f signal. This is amplified 
in an amplifier identical to that of 
the receiver and fed to an interme- 
diate converter, where it is again 
heterodyned against a crystal -con- 
trolled 190 -mc signal to produce a 
115 -mc signal. Again a 115 -me am- 
plifier identical to that of the trans- 
mitter is used to drive another out- 
put stage. By maintaining a differ- 
ence between the r -f input and out- 
put frequencies equal to the differ- 
ence between the i -f frequencies, 
and by transposing the local oscil- 
lator frequency from below the in- 
coming signal to above the incoming 
signal on alternate repeaters, a 
minimum number of amplifier de- 
signs are required. In repeater sta- 
tions, either the afc is locked on the 
incoming carrier, or else stabilized 
oscillators are used. 

Operating Characteristics 

The system described has no op- 
erating controls other than an in- 
itial deviation adjusting control. In 
fact, no additional controls have 
been found necessary because of the 
inclusion in the equipment of am- 
plifiers of adequate bandwidth. 
With a d -c maximum carrier swing 
of 13 mc, only the first -order side - 
bands of the f -m signal are trans- 
mitted when they occur at the limits 
of carrier swing. At the high devia- 
tion ratio employed, this condition 

SYSTEM PERFORMANCE 

Transmitter Power (20 watts) +13.0 db 
Transmitter Cable Loss (30 Ft of RG -17/U cable) - 1.5 db 
Space Loss (31 miles, one 4 -ft and one 8 -ft parabolic an- 

tenna with 65 percent antenne efficiency) -76.5 db 
Receiver Cable Loss (120 Ft of RG -17/U cable) - 6.5 db 

Signal Level -71.5 db 
Crystal Conversion Loss (this figure is 6 db below minimum 

due to the bandwidth and impedances of crystal circuits) -10 db 
Receiver Noise Level -125 db 
Crystal Noise Factor -i- 6 db 

-119 db -81.5 db 

RF S /N Ratio 
Improvement Due to Wideband F -M 

Effective S/N Ratio (RMS) 

37.5 db 
+12 db 

+49.5 db 

For a television signal: 
Ratio of Peak Signal Voltage to RMS Noise Voltage +58.5 db 
Further Improvements: 

(Use of two 8 -ft antennas instead of one 8 -ft and one 
4 -ft antenna) 
(Elimination of RG -17/ U cables) + 8.0 db 
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FIG. 8-Receiver i -f amplifier response curve 

is satisfactory. The amplitude re- 
sponse is controlled throughout the 
system, while special attention 
has been paid to the phase response 
of the amplifiers. For single link 
pickups a signal-to-noise ratio of 50 
db is obtainable at a range of 30 
miles provided that no more than a 
reasonable length of flexible an- 
tenna cable is used. System per- 
formance data is given in an ac- 
companying table. 

The performance of the system 
in the presence of multipath sig- 
nals is also good. Under test condi- 
tions, with signal levels below nor- 
mal levels, unique patterns resem- 
bling grained wood patterns may be 

observed, in which the change of 
picture shading due to the echo will 
be related to the frequency shift of 
the carrier during the time inter- 
val equal to the difference in the 
propagation times over the two sig- 
nal paths. The change of shading is 
most pronounced following a sharp 
signal change in the picture pat- 
tern. Under normal operating con- 
ditions, but in the presence of an 
echo signal of approximately 5 per- 
cent of the strength of the principal 
signal, essentially complete sup- 
pression of the echo is achieved and 
performance is superior to that of 
an amplitude -modulated system un- 
der equivalent conditions. 
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PRODUCTION TESTING 
Power with which to operate instruments at any one of 21 calibration speeds is obtained 

from a tuning -fork oscillator, electronic amplifiers, synchronous motors and unique elec- 

tromagnetic generators. Remote control of test frequencies is available to each operator 

THE PURPOSE of aircraft tachom- 
eters is to indicate the rota- 

tional speed of the engines. The re- 
moteness of the engines from the 
instrument panel generally makes 
mechanical means of transmission 
impractical and calls for the appli- 

By HERBERT F. STORM* 
Control Engineering tlirisiora 

Cru,v'al 
1cAwlcrlady, S. Y. 

cation of electrical telemetering 
techniques. 

The telemetering system usually 
consists of a synchronous, three- 
phase generator which is mounted 
on and driven directly by the air- 
craft engine, and a synchronous 
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FIG. 1-Block diagram of the testing system 

three-phase motor located in the in- 
dicator instrument on the instru- 
ment board and energized by the 
tachometer generator.' 2 The in- 
strument motor rotates an assembly 
of permanent magnets which pro- 
duce an electromagnetic torque In 
an aluminum alloy disc. The disc is 
displaced by the electromagnetic 
torque against the restraining 
torque of a spring with linear elon- 
gation characteristic. Therefore, 
by coupling a pointer to the disc, 
a deflection can be obtained that 
is proportional to the speed of the 
aircraft engine. 

The indicator instruments are 
assembled from interchangeable 
subassemblies. Each subassembly 
must be tested before it is placed on 
the main assembly line. Finally, the 
fully assembled instrument is 
tested. Tests include exposure to 
vibration, various angular posi- 
tions in space, temperature as low 
as -55 C and as high as 70 C. These 
tests must be conducted at various 
predetermined speeds and at nar- 
row tolerances. 

After the instrument has passed 
through all the preliminary tests, 
it is calibrated at a speed of 3,000 
rpm, corresponding to two-thirds 
full scale, by partially demagnetiz- 
ing the rotating permanent mag- 
nets. The calibration is then 
checked for increasing and decreas- 
ing speeds. While some tests are 
required to be made at only four 
predetermined speeds, other tests 
require as many as twenty-one pre- 
determined speeds. 

The requirements for a tachom- 
eter testing system handling large 

The testing equipment described was de- 
veloped, built, and operated by the Sunbeam 
Corp., Chicago, with which the author was 
formerly affiliated. 
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OF TACHOMETERS 

Equipment for the production testing of aircraft tachometers. Pole wheels are on the floor, in the background, with frequency -selector 
relays and stepping switches in the foreground. Powerpacks are on the first shelf, two-phase amplifiers on the second and synchron- 

ous motors driving tachometer generato:s on the third 

quantities of instruments at high 
accuracies may be stated as fol- 
lows : 

(1) Selection of the predeter- 
mined speeds must be a simple op- 
eration. 

(2) Test speeds must be of an 
accuracy exceeding the accuracy of 
the instrument under test. 

(3) It must be possible to operate 
simultaneously a multitude of test- 
ing stands. 

(4) A test going on at one test 
stand must not interfere with tests 
being conducted simultaneously at 
other test stands. 

(5) Test equipment must stand 
up under almost continuous use. 

Basic Solution 
In Fig. 1 a tuning fork oscillator 

of an accuracy of 0.001 percent and 
50 cycles per second is used as a 
standard frequency reference.' The 
single-phase output of the tuning 
fork oscillator is fed into two phase 
splitters consisting of resistance - 

capacitance networks which split 
the oscillator voltage into two com- 
ponents electrically approximately 
90 degrees apart. The two volt- 
ages are applied to the inputs of 
two two-phase amplifiers. The two 
output transformers of the two- 
phase amplifiers are in Scott con- 
nection, resulting in three-phase 
power output.` This three-phase 
power is used for energizing two 
synchronous motors driving a total 
of 21 two-phase generators (called 
pole wheels) which produce volt- 
ages at 21 different frequencies, cor- 
responding to the 21 different 
speeds at which the indicator in- 
strument is to be operated under 
test. 

The voltages generated by the 21 
pole wheels are routed to a bus sys- 
tem from which they can be picked 
up by rotary switches or relays and 
fed into two-phase amplifiers. These 
two-phase amplifiers are identical 
with those used for energizing the 
synchronous motors which drive the 

pole wheels. Their three-phase out- 
put is used to energize synchron- 
ous motors driving standard tach- 
ometer generators. Because of the 
application of synchronous motors 
and generators all the way through, 
the accuracy at which the instru- 
ment motor will run equals the 
accuracy of the tuning fork oscil- 
lator. The output of the tachom- 
eter generator is wired to the test 
or calibrating stands of the indi- 
cator instruments. The test stands 
are equipped with means for the 
remote control of the associated 
amplifier and for the selection of 
any speed necessary for testing. 

Two -Phase Amplifiers 

Both phases are independently 
amplified throughout the system, 
but the output sides of the output 
transformers in each two-phase am- 
plifier are connected in Scott trans- 
formation in order to obtain a 
three-phase output. 

The first stage of each amplifier 
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used for the amplification of the 
small voltages obtained from the 
pole wheels (or from the phase 
splitters) operates on an input sig- 
nal of between 0.1 and 1 volt. These 
rather small voltages require high - 
gain amplification which is obtained 
from a 6SJ7 tube in pentode con- 
nection as shown in Fig. 2. The fre- 
quency range is 8 to 75 cycles per 
second. Because of the low fre- 
quency, unusually large capacitance 
values have to be chosen for the by- 
pass capacitors shunting the 
cathode bias resistor and the screen 
resistor, as well as for the coupling 
capacitor to the following stage. 

The second stage uses a 6L6G 
tube, connected as a class -Al am- 
plifier to provide driving power for 
the final stage. The final stage 
consists of a push-pull amplifier in 
class -AB, connection, using 807 
tubes. It was necessary to connect 
radio -frequency chokes in the plate 
and screen grid leads in order to 
suppress parasitic oscillation. 

The output transformers were 
especially designed in order to per- 
mit operation at very low frequen- 
cies and also to provide the correct 
winding ratio for Scott transforma- 
tion. With variable speeds of the 
synchronous motor (energized from 
the amplifier), the load resistance 
of the motor reflected between the 
plates of the 807's also varies. At 
the higher speeds of the synchro- 
nous motor, where relatively large 
amounts of power are required for 
pulling into synchronism, rematch- 
ing of the output impedance be- 
comes necessary. For this purpose 
additional taps at the output trans- 
former are provided and these are 
automatically switched by the speed 
selector. 

The synchronous motor driven 
by the amplifier is rated i -horse- 
power, 220 volts, three-phase, 1,500 
rpm at 50 cycles. Power -factor cor- 
rection capacitors adjusted for full 
compensation at full load were used 
to unburden the amplifier from car- 
rying inductive reactive power. 

Powerpack 

Each amplifier has a powerpack, 
as shown in Fig. 3. Two 5Z3 tubes 
are used to provide the plate power 
for the two 807 push-pull amplifiers. 
Another rectifier produces the plate 
power for the first and second 

60,000 15,000 

16 

807 

10,000 

TI6 

60,000 

W 
2 
ó 

15,000 

T16 

6L6G 

TO POWERPACK 

16 

10,000 

FI 

25 

CONTACTS OF) 
IMPEDANCE- 

= MATCHING 
RELAY 

16 TO SYN 
MOT -- 

25 

CONTACTS OF' 
IMPEDANCE - 

16 MATCHING 
HI RELAY 

FIG. 2-Typical two-phase amplifier 

laannaA.naa-. 

TO TEST STAND 
FOR REMOTE CONTROL o 
OF POWERPACK 

Lwi.J tuffli 

:1-11d 
4O000 40,000 

1 d 

1H 
TERMINALS CONNECTED 

TO AMPLIFIER 

IH 
16 

16 

523 

BIAS 
PROTECTION 
RELAY 

60 CPS 

loeeoo 1 laºnºn. 

II 
,I16 II 

0j0000000 

oto 

5Z3 

FIG. 3-Powerpack for a two-phase amplifier used in the tachometer production 
testing setup 

stages and the various screen cur- 
rents. A third rectifier is used for 
obtaining the bias voltages for the 
second and third stages. The power - 
pack is remotely controlled from the 
test stand by means of a relay whose 
contacts control the 115 -volt power 
supply. In order to protect the am- 
plifier against overload in case of 
loss of bias, a protection relay is 
energized from the bias voltage. 
The contacts of this relay are in se- 
ries with the 115 -volt supply. In 
case of bias voltage failure, this re- 
lay becomes de -energized, opens its 
contacts, and thus disconnects the 
rectifiers from the 115 -volt, 60 -cycle 
power supply. 

Figure 4 shows, from right to 

left, the powerpack, the amplifier, 
and the synchronous motor -gener- 
ator section. The relay between the 
two output transformers, visible on 
the amplifier chassis, is the auto- 
matic impedance rematching relay. 
The two knobs at the front end of 
the amplifier chassis control the 
potentiometers for the input to the 
first amplifier stages. A tuned fly- 
wheel serves to subdue torsional 
oscillations of the synchronous 
motor. 

Pole Wheels 

The two synchronous motors 
shown in the upper section of the 
block diagram (Fig. 1), have four 
poles and hence rotate at 1,500 rpm 
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when energized by 50 -cycle power 
from the tuning fork oscillator. 
Gears reduce the motor speeds to 
100 rpm on one machine shaft and 
to 200 rpm on the other machine 
shaft. 

A number of discs are mounted 
on the two shafts, as shown in Fig. 
5. Various numbers of teeth are 
cut into the discs. Each of these 
discs or pole -wheels is straddled by 
one pair of pickup coils. Each 
pickup coil has two windings. One 
winding is energized by d -c and 
serves to magnetize the pole -wheel, 
whereas the other is used to pick up 
the a -c voltage induced in it by the 
variable magnetic flux, caused by 
the teeth and slots in the pole 
wheels. 

If a pole wheel has, for instance, 
36 teeth and is rotating at 100 rpm. 
the frequency picked up by the coils 
will be 36 x 100 = 3,600 cycles per 
minute or 60 cycles per second. This 
is the frequency for a tachometer 
generator and instrument motor 
running at 1,800 rpm. Since the 
tachometer generator is coupled to 
the cam shaft of the aircraft engine, 
the engine runs twice as fast, 
namely, 3,600 rpm. Consequently, 
the indicator will also indicate 3,600 
rpm as the speed. 

It follows that the number of 
teeth per pole wheel of the 100 -rpm 
machine has to be 1/100 of the speed 
to be indicated by the instrument. 
On the 200 -rpm machine the num- 
ber of teeth per pole wheel has to 
be 1/200 of the speed to be indi- 
cated by the instrument. 

The application of two pickup 

coils per pole wheel serves to obtain 
two voltages of the same frequency, 
but of a phase displacement of ap- 
proximately 90 electrical degrees. 
Thus 21 pairs of voltages are gen- 
erated, each pair having a di ferent 
frequency corresponding to the 21 
different speeds to be obtained for 
the instrument motor. 

In order to minimize magnetic 
stray fields and at the same time 
to provide mechanical protection, 
guards made from soft iron are 
placed over the pole wheels. 

Test Stands 

In order to test tachometers in 
production 18 test stands are re- 
quired. Eight test stands are op- 
erated at four predetermined 
speeds, whereas the remaining ten 
require 21 predetermined speeds. 
Besides obtaining 21 speeds, it is 
necessary that these speeds can be 
obtained in increasing and decreas- 
ing sequence. 

In order to select the frequencies 
allocated to the various speeds, re- 
lays and stepping switches were 
chosen which are remotely con- 
trolled from the test stands. For 
the four -speed test stands. relays 
were used for frequency selectors, 
whereas in the case of the 21 speed 
calibrating stands, rotary switches 
were applied. 

Each four -speed test stand has a 
selector switch to energize any of 
the four selector relays which are 
assigned to the specific test stand. 
Contacts of these selector relays es- 
tablish electrical connections be- 
tween one of the 21 different fre- 

quencies from the bus system and 
the input of the two-phase amplifier 
which is allocated to the test stand 
under consideration. The power - 
pack belonging to this amplifier is 
turned on by remote control from 
the test stand. By operating the 
selector switch for the selection of 
a given speed, the corresponding se- 
lector relay energizes the two-phase 
amplifier with the correct fre- 
quency. This amplifier energizes a 
three-phase synchronous motor 
which belongs to the test stand 
under consideration, and makes it 
run at the desired rotational speed. 
A tachometer generator coupled to 
the foregoing synchronous motor 
provides the energy to be used for 
operating the instrument motor in 
the instrument under test. 

In order to provide 21 speeds in 
increasing and decreasing sequence, 
one rotary stepping switch was as- 
signed to every one of the ten cali- 
brating stands. This switch is of a 
standard telephone type, having 50 
positions and four levels. Two levels 
of the rotary switch connect the 
standard -frequency busses to the 
input of a two-phase amplifier of 
which one amplifier (with power - 
pack) is assigned to each calibra- 
ting stand. The frequencies are 
connected to the rotary switch in 
such a way that the brushes will 
connect the frequencies in sequence, 
increasing from 500 rpm to 4,400 
rpm and then declining from 4,400 
rpm down to 500 rpm. The third 
level of the rotary switch energizes 
indicating lamps located at the cal- 
ibrating stand, identifying the 

FIG. 4-From left to right: synchronous motor tachometer generator chassis, two-phase amplifier, and powerpack 
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speed selected by the rotary switch. 
The fourth level is reserved for the 
control of the selector switch. 

If a test should be made in which 
every speed is needed for increasing 
as well as decreasing values, the 
operator pushes a step -button on 
the panel of the calibration stand 
shown in Fig. 6. If the rotary 
switch is in its home position, no 
voltages are fed into the input of 
the amplifier and the synchronous 
motor is standing still. As soon as 
the operator actuates the pushbut- 
1*ön, the rotary switch will step into 
a position where the amplifier input 
is connected to one of the 21 fre- 
quencies, resulting in the lowest 
speed (500 rpm.). If the operator 
wants, at this time, to go to the 
next speed (600 rpm), all he has to 
do is to again push the same push- 
button. The rotary switch will now 
make one more step, connecting the 
amplifier to a frequency correspond- 
ing to 600 rpm. Every time the op- 
erator pushes the button the next 
higher speed will be obtained, un- 
til the top speed of 4,400 rpm is 
reached. After that the speed will 
be reduced, step by step, every time 
the operator pushes the button. 

In the majority of tests, however, 
certain speeds can be skipped. In 
order to maintain the same simple 
operation and yet obtain automatic 
skipping, a two -position selector 
switch was provided on the calibra- 
ting stand. If this selector switch 
is switched into local position, every 
one of the 21 speeds is obtained. If, 
however, this selector switch is 
turned into express position, volt- 
ages are supplied to certain contacts 
on the control level of the rotary 
switch. Any time the brush of the 
control level finds a contact which 
is energized by the selector switch 

it will energize its electromagnet, 
resulting in a further step of the 
rotary switch. Thus, if the operator 
wants to obtain the next speed, all 
he does is to push the step pushbut- 
ton once, as usual. 

If it is desired to test an instru- 
ment at only one speed, for instance 
3,000 rpm, it is not necessary to use 
the step pushbutton to step the ro- 
tary switch by multiple operation of 
this pushbutton until the speed of 
3,000 rpm is reached. In order to 
avoid such loss of time another 
pushbutton, up to 4,400 rpm, is pro- 
vided which when pressed, makes 
the rotary switch step up automa- 
tically. As soon as the desired speed 
is obtained, readily visible from the 
indicating lamps, the pushbutton is 
released and the rotary switch re- 
mains in the desired position. 

In order to return the rotary 

FIG. 6-Typical tachometer calibrating 
stand at which an operator remotely con- 
trols test frequencies and adjusts instru- 
ments by rotating the demagnetizing con- 

trol wheel at the right 

switch to zero from any position, 
it is not necessary to push the step 
pushbutton until the rotary switch 
is brought back step by step to the 
zero position. A special pushbutton 
marked back to zero is provided 
which energizes all contacts of 
the control level except the home 
contact. The rotary switch then 
runs into its home position within 
one or two seconds, depending 
on the contact point at which 
the rotary switch was standing be- 
fore this pushbutton was operated. 

In the calibrating stand pictured 
a dual tachometer indicator is un- 
der test. The changeover switch on 
the left side of the panel permits 
the energization of either or both 
instruments. The two a -c electro- 
magnets surrounding the instru- 
ments serve to partially demagne- 
tize the permanent magnets for the 
purpose of establishing one point of 
the calibration. By operating the 
changeover switch the electromag- 
net belonging to the indicator mo- 
tor under calibration becomes ener- 
gized. The current in this electro- 
magnet is controlled by means of a 
variable transformer. The front 
panel of the calibrating stand shows 
21 indicating lamps corresponding 
to the 21 available speeds. The 
pushbuttons for the control of the 
rotary switch and the local -express 
selector are shown in the lower sec- 
tion of the panel. 
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FIG. 5-These two pole wheel arrangements electromagnetically generate 21 tuning -fork -controlled test frequencies 
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RADIO DISPATCHING 

for 

Taxicabs 

TWO -WAY radio between dis- 
patcher and cabs in a taxi 

fleet furnishes an important new 
market for communications equip- 
ment, effects important economies 
in fleet operation, and provides bet- 
ter, cheaper service for the riding 
public. 

A study of several recent instal- 
lations now operating under experi- 
mental licenses indicates a need for 
overall engineering of systems op- 
erating in any given area, an 
awareness on the part of FCC of the 
rapidly growing problem of fre- 
quency assignments, and, particu- 
larly in the initial stages, a strong 
spirit of good will and active coop- 
eration among users of the new 
technique. 

Potential users must consider the 
specific sort of taxi service they ren- 
der and tailor their demands upon 
equipment manufacturers accord- 
ingly. 

Representative System 

One particular set of operational 
problems is faced by the Hacken- 
sack Taxi Service, covering the area 
in and around Hackensack, Bogota 
and Teaneck, New Jersey. Meticu- 
lous records have always been kept, 
so that it is easy to assess gains or 
losses with any innovation. 

Since installation of the two-way 
radio system, fares have averaged 
6 percent more for the same fleet, 
with the number of completed trips 

Companies using two-way radiotelephone equipment in 
newly opened 157 -megacycle region find it pays for itself in 
a short time. A system using commercially available f -m 

transmitters and receivers is described 

Map showing area of taxi operations covered by 15 -watt transmitters. Location of 
fixed station transmitting and receiving antenna about 90 feet above sea level 
is indicated by star. Some areas served are behind elevations exceeding that 

of this antenna 
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per hour correspondingly increased. 
On the basis of these figures, it is 
anticipated that the whole radio in- 
stallation will pay for itself in ten 
months. "Over the meter" charges 
on out-of-town calls have been 
dropped since radio dispatching was 
installed. This means that the cus- 
tomer who formerly paid a meter 
charge from the taxi terminal to his 
home, as well as the regular home - 
to -destination charge and twenty- 
five cents in addition, now pays only 
for the actual mileage from home to 
destination. Radio dispatching elim- 
inates the unproductive return 
mileage formerly run up by the cab 
on such calls. 

The type of community served 
dictates the sort of dispatching 
service needed. Hackensack and its 
suburbs are typical of many small 
cities everywhere that do a "tele- 
phone" rather than a "pickup" taxi 
business. Because the majority of 
users initiate requests for service 
by telephone, as early as 1924 a 
telephone call box dispatching sys- 
tem was installed that increased 
earnings 20 percent and also im- 
proved service. The telephones were 
available to the public as well as to 
reporting drivers. A portion of the 
telephone system has been retained 
as a service to customers, but in no 
way competes with the radio dis- 
patching system. In fact, the radio 
system has increased the utility of 
the telephone. All instruments are 
connected in parallel on one line so 
that when a customer fails to hang 
up the system goes dead. Now the 
dispatcher can send the nearest car 
to the phone last used with instruc- 
tions to hang up the receiver! 

Dispatchers' desk showing dual telephone positions for incoming calls, radio micro- 
phone, and remote control unit that is operated by foot switch 

It is the feeling of the company 
that the type of dispatching opera- 
tion best suited to the situation is 
now in use. The number of cabs (11 
at present) does not require a se- 
lective calling system of the sort 
that may be desirable in a larger 
fleet, and in fact, would slow down 
operations under the present sys- 
tem without adding to its service- 
ability. While no sort of lockout 
system is now in use, again be- 
cause of the relative smallness of 
the fleet, it may be considered de- 
sirable to install a simple system as 
business expands. 

Because all the cabs share pickup 
and telephone business equally, it 
has been desirable to equip each 
cab with two-way radio. Present 
experiments in larger cities may 
possibly show that a law of dimin- 
ishing returns begins to operate 

Mobile transmitter (left) and receiver (right), mounted in rear deck of taxi 

before a whole fleet is radio 
equipped. 

At the present time, 11 separate 
companies centered in as many com- 
munities of northern New Jersey 
are operating two-way radio sys- 
tems with all dispatchers' transmit- 
ters operating on the experimental 
frequency of 152.27 megacycles and 
all cars on another experimental 
frequency of 157.53 mc, assigned to 
taxicab service over the whole coun- 
try. 

Each installation was a separate 
job, with antennas generally erected 
in locations dictated by conditions 
of expediency. For this reason sig- 
nals from several dispatchers can 
be heard in any cab. Operations are 
sometimes difficult and would have 
been next to impossible without the 
formation of an association of the 
various owners, who have standard- 
ized calling procedures and as- 
signed numbers with which the in- 
dividual number of each cab in a 
given fleet is prefixed. For instance, 
Hackensack cabs use the dispatch- 
ing numbers 9-1 through 9-11. Call 
letters assigned by FCC to the dis- 
patcher, W2XKG, and the cars, 
W2XKH, are employed only as 
often as legal requirements demand. 

Equipment Installation 

Physically, the present Hacken- 
sack radio plant has been adapted to 
existing facilities. The dispatchers' 
office is located in the center of the 
city near rail and bus terminals. 

A 

Y 
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Fixed station transmitter -receiver located 
near foot of antenna and a half mile from 
dispatchers office. From top to bottom, 
chassis contain transmitter, receiver, and 

power supply 

Here the incoming subscribers' tele- 
phone lines, radio control unit and 
microphone are located. The an- 
tenna used for transmitting and re- 
ceiving is atop a 60 -foot mast 
mounted on a one-story building 
used for repairs, maintenance and 
garaging, about half a mile from 
the dispatchers' office. The compact 
transmitter -receiver unit, itself 
locked, is fastened to the wall of a 
locked room in the garage and is 
connected to the control equipment 
by two pairs of wires furnished by 
the telephone company. One line is 
used for audio signals, incoming 
and outgoing, while the other serves 
to operate the send -receive switch- 
ing mechanism built into the locked 
unit. 

A complete log of all transmis- 

sions is kept by the dispatcher on 
duty, who is required to hold a 
restricted radiotelephone operator 
permit. The individual taxi drivers 
are not required to be licensed for 
radio operation inasmuch as their 
equipment is tamper -proof. One ex- 
perienced technician, on call 24 
hours a day, is the only person al- 
lowed to adjust the transmitting 
equipment and he holds a Radio- 
telephone License, First Class, as 
required by the FCC. 

Fixed Station Details 

The fixed station equipment is 
remotely controlled by the dis- 
patcher. It comprises a phase -shift 
f -m transmitter and a receiver. 
Provision is made to switch the 
transmission line from the antenna 
to either unit as the wire line is 
connected to receiver or transmit- 
ter. The bandwidth of the antenna 
has been designed to provide ade- 
quate gain for both fixed and mo- 
bile frequencies. The circuit ele- 
ments making up this equipment 
are shown as a block diagram in 
Fig. 1. 

The phase -shift transmitting sys- 
tem shown in Fig. lA provides a 
frequency -modulated signal with 
sufficient deviation to reduce noise 
and allow reasonable audio quality. 
A deviation of 20 kc each side of the 
carrier frequency (as contrasted 
with the broadcast standard of 75 
kc) is adequate to provide an over- 
all audio response that is essentially 
flat from 350 to 5,000 cycles. At the 
same time, stringent legal and prac- 
tical problems of frequency stabil- 
ity are solved by using this circuit. 
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FIG. 1-Block diagram of Hackensack system circuit elemen(s used in both fixed and 
mobile transmitters (A) and receivers (B). A sangle crystal furnishes conversion 

frequencies for the double -detection superheterodyne receiver 

The number of frequency multi- 
plications (96) is readily accom- 
plished with 5 tubes. Nominal 
power output is 15 watts, but per- 
formance of the system can later be 
enhanced by the use of a higher - 
gain antenna or a more favorable 
antenna height or location. 

The receiver is crystal controlled 
in order to insure optimum signals 
from unattended equipment. The 
block diagram of Fig. 1B shows the 
layout of circuit elements. A double - 
conversion superheterodyne makes 
use of a single crystal operating at 
9.03 megacycles for both local oscil- 
lator frequencies. The double i -f 
system gives good bandpass charac- 
teristics and a favorable image 
ratio. A squelch circuit can be 
switched in or out to quiet the audio 
output of the receiver during the 
period when no signal is being 
received. 

Since the transmitter -receiver op- 
erates on 115 volts and power con- 
sumption varies between 125 and 
320 watts, no special wiring is 
necessary. 

Mobile Stations 

Circuitwise, the mobile equip- 
ment is identical with that em- 
ployed in the fixed station, but is 
differently packaged. A loudspeaker 
is normally operative in the taxi, 
but the receiver of a telephone 
handset can be used for conversa- 
tions once communication is estab- 
lished. A switch on the handset op- 
erates a relay to shift the antenna 
connection from receiver to trans- 
mitter when the cab operator 
wishes to talk back. The antenna 
itself is a quarter -wave whip 
mounted through the roof of the 
cab and works against the metal 
roof as a ground. Power is taken 
from the car storage battery and 
the total standby power drain is 
about 10 amperes at 6 volts. An ad- 
ditional 23 amperes is required dur- 
ing periods of transmission from 
the cab. 
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TELEMETERING 
From V-2 Rockets 

Time -modulated pulse system in nose of rocket samples successively up to 23 instruments 
and transmits readings to ground station over 1,000 -mc radio link using 2C43 disk -seal 

tube as oscillator. Airborne circuits are given here; Part II will cover ground circuits 

By V. L. HEEREN 
C. H. HOEPPNER J. R. KAUKE 

S. W. LICHTMAN and P. R. SHIFFLETT 
Office of Research and Intentions, 

Varal Research Laboratory, Washington, D. C. 

Vow with Glenn L. Martin Co., Electronics Lab, 
Baltimore, Md. 

Part I 

ONE of the most important 
problems which must be solved 

in connection with the use of a roc- 
ket as a vehicle for upper -atmos- 
phere research is that of making 
available to the observer informa- 
tion obtained at the rocket during 
flight. Radio telemetering equip- 
ment designed by the Rocket Sonde 
Research Section of the Naval Re- 
search Laboratory has been em- 
ployed for this purpose during all 
of the V-2 firings at White Sands, 
New Mexico. 

Typical of the basic research 
data telemetered by the system are 
temperatures and pressures in the 
upper atmosphere, various charac- 
teristics of the primary cosmic radi- 
ation, and properties of the 
ionosphere. For studies of rocket 
performance, data are telemetered 
on such quantities as speed, rocket 
acceleration and altitude, skin tem- 
peratures at various critical points, 
and motion of the control fins. 

The system was designed to tele- 
meter, by means of independent 
time channels, as many as twenty - 

V -2 rocket taking off at White Sands. New 
Mexico, with radio telemetering equip- 
ment in nose. The AAF program calls for 
firing a total of 50 of these guided missiles 

100 

three separate quantities by suc- 
cessively sampling a corresponding 
number of data voltages obtained 
from instrumentation installed in 
the rocket. The sampled voltages 
are converted to a form suitable 
for radio transmission, radioed to a 
ground station, reconverted to their 
original form, and recorded. 

Time -Modulated Pulse System 

To obtain reliable telemetering 
over ranges in excess of 100 miles 
with limited allowances for size 
and weight of the rocket -borne 
equipment, a time -modulated pulse 
system was chosen. The pulse sys- 
tem delivers a higher peak power 
with a lower average power con- 
sumption and occupies less space 
than a comparable continuous -car- 
rier system. The system used in 
the V-2 operates at about 1,000 
megacycles, a frequency which is 
high enough to penetrate the iono- 
sphere and which at the same time 
is clear of other frequencies used 
in the flights. 

The data voltages are converted 
into time intervals, defined by volt- 
age pulses, corresponding in length 
to the magnitude of the data volt- 
ages. The data voltages are sam- 

March, 1947 - ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Mobile telemetering ground station. The trailer carries a 1,000 -mc receiver, a decoder, recording equipment, monitoring and 
test equipment, communication receivers and transmitters, and timing mechanisms, while truck contains 25 -kw power generator 

pled in a specific order and are used 
to generate a series of pulses, the 
time intervals between which mea- 
sure the sampled data voltages. 
The intervals maintain the same 
time sequence as the sampled volt- 
ages, the pulse marking the end of 
one interval serving as the initial 
pulse of the succeeding interval. 

A complete sampling of all data 
voltages is used to form such a 
group of time intervals periodically. 
A master keyer initiates the sam- 
pling process at a uniform rate. 
The distinction between different 
groups is made possible by allowing 
for a sufficiently long time between 
the initial pulses of each group. In 
this manner, the interval between 
the last pulse of one group and the 
first of the next is made to be very 
much longer than any of the mea- 
surement intervals. 

Airborne Unit 

In Fig. 1 is a block diagram of 
the airborne unit which converts 
data voltages into appropriate form 
and transmits a corresponding 
radio -frequency signal. A master 
keyer, which is a freely running 
multivibrator of constant period, 
generates the first pulse of each 
group. This pulse is fed to a chan- 
nel collector, a circuit common to 
the outputs of each time channel, 
and at the same time is used to 
trigger time channel multivibrator 
1. 

The multivibrator for each chan- 
nel is of the self -returning type, the 
recovery time of which is deter- 

mined by the corresponding data 
voltage. The first, upon recovery, 
delivers a pulse both to the channel 
collector and to channel 2 mùltivi- 
brator, which in turn triggers that 
of the next channel and delivers an 
output pulse to the collector. The 
process is repeated in appropriate 
sequence until all time channels 
have operated, after which the cir- 
cuit is quiescent until the master 
keyer again initiates the sequence. 
The output pulses delivered to the 
channel collector by the various 
multivibrators are fed to a power 
modulator which in turn pulses the 
vhf power oscillator, feeding the 
antenna. 

Ground Station 

In Fig. 2 is a block diagram of 
the ground station. which receives, 
decodes, and records the data. The 
antenna is trained to follow the air- 
borne radiator by both optical and 

signal -maximizing techniques. The 
detected output of the receiver, 
suitably amplified, is fed into a 
decoder unit, the purpose of which 
is to recover the original voltage 
forms from the time -modulated sig- 
nals. The original data is then sep- 
arated into the various channels, 
displayed on meters, and recorded 
by various methods. 

The use of several different meth- 
ods of recording provides safe- 
guards against the possibility that 
the whole record be lost due to 
the failure of any one method. The 
principal record is made on a mov- 
ing strip of photographic paper by 
means of Hathaway magnetic 
string oscillographs. Auxiliary 
records are obtained by photograph- 
ing the meter panel with a 35 -mm 
movie camera. An oscillographic 
record is made of the output of the 
video amplifier with a continuous 
film camera. The same signal is 
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FIG. 1-Block diagram of airborne telemetering unit used in V-2 rockets 
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recorded on a magnetic wire re- 
corder from which the data can be 
recovered later in the event of de- 
coder failure. Timing signals are 
impressed on all of the recording 
media from a time signal receiver. 

The pulse discriminator in the 
decoder may be adjusted to reject 
pulses of other than a specified dur- 
ation. The discriminator output is 
fed to both the synchronizing pulse 
generator and to the input of each 
channel separator via the pulse in- 
verter. The synchronizing genera- 
tor output consists of one pulse at 
the start of every group of received 
pulses, which goes to channel 1 sep- 
arator, triggering a multivibrator. 
This multivibrator is returned to 
its original state by the second 
pulse of the pulse group now arriv- 
ing from the inverter. On returning 
to its original state, separator 1 

delivers a pulse which triggers sep- 
arator 2. The return of separator 
2 is effected by the third pulse of 
the incoming series relayed by the 
pulse inverter. This action con- 
tinues, each channel separator trig- 
gering the following channel while 
being itself returned by the signal. 

During the conduction period for 
any channel separator, the corre- 
sponding metering circuit is fed a 
constant voltage, the same for all 
channels, for a length of time equal 
to the interval representing the 
corresponding data voltage. A ca- 
pacitor is charged thereby to a po - 

Interior of trailer serving as mobile ground station. At left foreground is a standard 
12 -channel Hathaway magnetic string oscillograph. Meters above it read individual 
channel output voltages, and are photographed by a movie camera (not shown) 
during each test. Upright instrument behind meters and facing right is the 
decoder. Instruments on table at rear are, left to right, video amplifier, monitoring 

scope, antenna servo control unit, and timer unit 

tential which depends upon the 
duration of the voltage applied. By 
suitable circuits, this potential is 
measured with a vacuum -tube volt- 
meter, the magnitude being a linear 
function of original data voltage. 

Calibrator units are placed in the 
transmitting station to determine 
any shift in the absolute response 
of the system. The calibrator peri- 
odically breaks the connection from 
the data voltage source to the pulse 
time modulator channel, and con- 
nects in its stead first a ground or 
zero voltage and then a stable ref- 
erence potential of 3.5 volts. Two 
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FIG. 2-Block diagram of equipment located in trailer serving as ground station 
for V-2 telemetering system 

such calibrating units are built into 
each transmitter. 

A large number of slowly vary- 
ing quantities such as temperature 
and pressure may be measured 
through a single telemetering chan- 
nel by mechanical commutation. 
When used, such mechanical com- 
mutators are provided as part of 
the instrumentation of the experi- 
ment concerned. For one V-2 
rocket, temperature and pressure 
measurements utilized 16 commu- 
tated subchannels compressed into 
two telemetering channels. 

Data taken by telemetering is 
correlated with radar tracking 
plots, optical data, and photographic 
records of the missile's trajectory 
by means of a master timing signal, 
so that telemetered information 
may be plotted as a function of the 
altitude of the rocket for the entire 
flight. 

The timing signals originate at a 
special installation provided by a 
group from the Army's Aberdeen 
Proving Ground. A timing pulse is 
provided every half second above a 
100 -cycle background, beginning at 
the time of the rocket takeoff, with 
every twentieth pulse after takeoff 
omitted. 

At the telemetering ground sta- 
tion, the time signals are fed to 
one of the Hathaway oscillograph 
recording channels to make a per- 
manent time reference along with 
the telemetered data. The time sig- 
nal also triggers time marking de - 
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vices used with the movie camera, 
wire recorder, and continuous film 
camera. 

The ground station antenna, 
located at the center of the trailer 
roof, can be directed either by an 
observer on the roof or by an op- 
erator inside the trailer. For the 
most part all operations work auto- 
matically during a telemetering 
run except for directing the an- 
tenna which is done both optically 
and by listening to the signal and 
maximizing the output. More than 
one ground station is used to lessen 
the chance of a break in the tele - 
metering service. In all of the fir- 
ings to date, there have been two 
mobile stations in operation. 

Circuit of Airborne Telemetering 
Unit 

The pulse time modulator in the 
airborne unit is designed to gen- 
erate a time interval over the range 
of from 50 microseconds for zero 
voltage input to 200 microseconds 
for + 5 volts input signal. These 
times are measured from the lead- 
ing edges of the two pulses defining 
a time interval. 

To maintain satisfactory differ- 
entiation between groups, it is 

necessary that there be a spacing 
of at least 600 microseconds be- 
tween the last pulse of one group 
and the first pulse of the next. Fur- 
thermore, the full 200 -microsecond 
period, corresponding to a + 5 -volt 
input, might conceivably be re- 
quired for all channels in one sam- 
pling cycle. Thus, the time required 
for the formation of a single group 
of telemetering pulses may be as 
long as 5,200 microseconds for a 23 - 
channel system. In such a case, the 
maximum allowable repetition rate 
is 192 cycles a second. With such 
an arrangement, data voltages fed 
into the telemetering channels are 
sampled 192 times a second. 

The circuit diagram of the air- 
borne unit appears in Fig. 3, and 
corresponding wave forms at ten 
different points in the circuit are 
shown in Fig. 4. All electronic cir- 
cuit functions are initiated by a 
master keyer, which is simply a 
freely running multivibrator. The 
period of the multivibrator of the 
master keyer is the pulse group 
repetition period, and is set by ad- 
justing R,. The output from the 
master keyer (point A) consists of 
square waves which are coupled 
through short time constant cir- 

cuits to channel 1 and the channel 
collector. 

The positive surge from the keyer 
does not affect either channel 1 or 
the channel collector. The surge 
does not affect V. because the grid 
is already at full conduction poten- 
tial. It does not pass to the channel 
collector because it is blocked by 
diode crystal X,. At time t, the 
negative surge from the keyer, act- 
ing on the blocked multivibrator of 
channel 1, triggers it from its nor- 
mal state to a temporary state 
(from a state in which V. is con- 
ducting to a state in which V. is 
conducting). As a result of the neg- 
ative surge impressed on the grid of 
V, the potential of the common cath- 
odes drops until V, begins to con- 
duct. Conduction of V. produces a 
negative surge at its anode, which 
is coupled to the grid of V. to drive 
that grid still further negative. 
Channel 1 now remains in its tem- 
porary state until the charge im- 
pressed upon this grid leaks off 
through resistors R. and R,. 

During the temporary state of 
channel 1, the grid potential of V, 
rises at an exponential rate deter- 
mined by C,, R,, and R,. At time t after the grid of V, has returned 

Two views of airborne unit out of housing. At left is the oscillator cavity (upper section) with 2C43 disk -seal tube operating at 1.000 
mc, and 3E29 modulator tube mounted upside down below it. At right are two groups of pulse time modulator circuits and the high - 
voltage supply battery. Three of the plug-in ptm units are removed from their sockets to illustrate the use of subminiature tubes. 
Motors in upper corners drive the calibrator units that apply known voltages at regular intervals in place of instrumentation voltages 
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Complete telemetering airborne unit in 14 x 
14 x 20 -inch pressure -sealed case weighs 
only 150 lb, including 1,000 -mc dipole 

sufficiently positive, conduction in 
V. again begins; the cathode poten- 
tial rises, a positive surge is gen- 
erated at the anode of V. which is 
coupled to the grid of V the circuit 
returns to its steady-state condi- 
tion, and a negative surge is gener- 
ated at point D. This surge, coupled 
through short time constant cir- 
cuits to channel 2, initiates in chan- 
nel 2 an action similar to that which 
took place in channel 1. Such action 
continues from one channel to the 
next, the return of a channel to its 
stable state triggering the succeed- 
ing channel to its temporary state, 
and simultaneously delivering a 
pulse to the channel collector cir- 
cuit. When the last channel is 
reached the action stops and does 
not repeat until a pulse from the 
master keyer once more triggers 
channel 1. 

The length of time during which 

each channel remains in its tem- 
porary state is determined by the 
voltage input to that channel. Each 
channel is calibrated so that with 
0 volts applied to the input, the 
temporary state is of 50 microsec- 
onds duration, and with 5 volts ap- 
plied to the channel the temporary 
state is of 200 microseconds dura- 
tion. The calibration procedure, as 
illustrated in connection with chan- 
nel 1, consists of first setting the 
input voltage to zero and adjusting 
R7 until the temporary -state dura- 
tion is 50 microseconds. Then with 
a positive voltage of 5 volts applied 
to the input, R, is adjusted until the 
temporary state duration is 200 
microseconds. Fixed resistances 
matching the values of R, and R, 
are then mounted in place of the 
temporary variable resistances. 
The applied voltage is effective both 
upon the triggering and the return 
of each channel. 

A positive voltage on the grid of 
V. produces a much heavier con- 
duction in that tube when the chan- 
nel is triggered. Hence, a larger 
negative signal is impressed on the 
grid of V4 and therefore takes a 
longer time to leak off through 
resistors R, and R. . Furthermore, 
the level to which the voltage must 
leak before conduction in V. begins 
is raised. As a consequence the volt- 
age which is effective in determin- 
ing the temporary -state duration is 
the input voltage which is applied 
during the temporary state. With 
this system of pulse -time modula- 

tion the duration of the temporary 
state of each channel can be made a 
linear function of the input voltage. 

Upon the return of each channel 
to its normal state a negative pulse 
is transmitted through a small crys- 
tal diode to the common line G 

1/2 SEC. H- -.- 
163 164 

Section of typical telemetering record. Num- 
bers on time reference trace (second from 
bottom) indicate elapsed time in sec- 
onds since takeoff. Time reference pulses 

are a half second apart 
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FIG. 3-Circuit of airborne telemetering unit. First and last channels are shown, others being identical 

of the channel collector. The pur- 
pose of the crystal diodes is to pre- 
vent interference between channels 
and to allow a pulse of sufficient am- 
plitude to reach the amplifier of 
the channel collector. Further- 
more, only the negative pulse on the 
return of each channel to its normal 
state is transmitted through the 
diode to common line G. Thus, for 
23 channels, 24 pulses in each group 
are transmitted to the grid of am- 
plifier tube V where they are am- 
plified and inverted in phase to trig- 
ger the blocked multivibrator of the 
channel collector. 

Operation of Channel Collector 

The channel collector is similar 
in action to the channels themselves, 
except that its temporary state is 
made very short. The pulse gener- 
ated by the return of each channel 
triggers the channel collector to 
produce an output pulse at I which 
is of constant duration and ampli- 
tude, regardless of the variation in 
the signal received from each chan- 
nel. The periods between collector 
trigger pulses therefore occur sim- 
ultaneously with the periods at 
which the respective channel multi - 
vibrators are in their temporary 
states. The information has thus 
been converted to a pulse spacing. 

Positive pulses from point I of 
the channel collector first pass 
through cathode follower V10 and 
trigger the blocking oscillator 
V1., which in turn generates sharp 
pulses of one microsecond duration. 
Since the blocking oscillator is of a 
type commonly used in television 
synchronization circuits, its opera- 
tion will not be described here. The 
one -microsecond pulse from the 
blocking oscillator is fed through 
cathode follower VR and hence at 
low impedance to the grid of the 
3E29 modulator tube, both halves 
of which are connected in parallel. 
The grids of the modulator tube are 
driven to zero bias thereby causing 
the tube to conduct. A pulse 
transformer steps up the output 
pulse from the modulator tube and 
applies it to the r -f oscillator. 

The antenna feeder line is capa- 
citively coupled to the oscillator 
cavity. A peak pulse power output 
of approximately 750 watts is ob- 
tained at 1,000 mc, with a pulse 
width of approximately 0.8 micro- 
second at the half -power level. 

Crystal diodes Xz and Xg are con- 
nected to the input of each channel 
to limit the input voltage to the 
range from 0 to + 6 volts. Too high 
an input voltage will cause a 
channel to oscillate, sending out a 
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airborne telemetering circuit of Fig. 3 

series of equally spaced pulses, 
while a negative voltage will com- 
pletely stop the action of the multi - 
vibrator and prevent triggering of 
all subsequent channels in the sys- 
tem. 

Part II will cover circuits used at 
the ground station for decoding 
pulses and metering circuits of vari- 
ous channels. 
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Subminiature 
Characteristics of a tetrode requiring only 13 milliwatts of filament heating power and 
having an input resistance of millions of megohms are presented. Applications to meters 
for measuring ion -producing radiations illustrate ways of simplifying power supply 

URING THE LAST SEVERAL YEARS, 

the need for a subminiature 
low -current vacuum tube capable of 
electrometer service became in- 
creasingly apparent. Ordinary tubes 
were unsuitable for a number of 
reasons. Tubes previously designed 
specifically for electrometer serv- 
ice were too bulky and in addition 
required prohibitively large fila- 
ment currents for portable equip- 
ment. Smaller and more conven- 
tional types, such as the type 30, 
were capable of serving as elec- 
trometers if specially selected and 
processed, but even their size and 
filament requirements were unde- 
sirably large. 

Electrometer Tube Requirements 

Considerable experimentation was 
carried on to determine the feasi- 
bility of using hearing -aid tubes, 
but results were on the whole quite 
disappointing. Very few of them 
were adequately pumped, with the 
result that gas current was prohi- 
bitively high for the exacting re- 
quirements of electrometers. Fur- 

thermore, their characteristic in 
the low -current, low -voltage region, 
mandatory to electrometer opera- 
tion, showed such wide variations 
that it was almost impossible to 
design a circuit in which any rea- 
sonable percentage of a given num- 
ber of tubes would operate; and, 
finally, the drift encountered in 
these tubes was of a magnitude 
that would have prevented their use 
even in the absence of other factors. 
Such drift has an almost inappreci- 
able effect on the operation of an 
a -c amplifier, such as a hearing -aid 
or miniature radio, but in a d -c 
amplifier it is hardly an exaggera- 
tion to say that anything else can 
be tolerated providing drift is 
small. 

Having made an exhaustive sur- 
vey of existing tube types, it was 
finally decided to embark on the 
development of an entirely new 
tube specifically for portable elec- 
trometer service. Two requirements 
were to be met: (1) the tube was 
to be capable of electrometer oper- 
ation with total control -grid cur - 
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FIG.1-(A) Diode characteristics with both grids connected to plate indicate cathode 
emission characteristic. (B) With 10 milliamperes filament heating current. 250 micro- 
amperes first (space charge) grid current, and 10 microamperes plate current, this 

second (control) grid input characteristic is obtained 

rent of less than 10-" amperes, 
and (2) the filament was to require 
no more than 10 ma at 1.3 volts, the 
arbitrarily set end -point of a 1.5 
volt dry cell. The advantages of a 
filament capable of such operation 
were so numerous (one -month op- 
eration from an ordinary flashlight 
cell, to name but one) and it was 
felt that the time and effort re- 
quired to develop it would be 
justified. 

Several requirements for such a 
filament followed immediately from 
the 10 -ma specification. (1) It 
must have a high specific resistance 
and the minimum possible cross- 
section to achieve the 130 ohms 
resistance necessary within the 
length allowable. (2) Oxide coat- 
ing of some sort was a necessity 
because adequate emission could 
not possibly be secured otherwise 
with the filament power available 
(normally 13 mw). (3) The com- 
position of the wire must be such 
as to yield adequate emission in 
combination with the oxide coating. 

Characteristics of Tube 

Experiments finally produced a 
filament with a nickel-chrominum 
base wire and an oxide coating of 
equal parts of barium and stron- 
tium carbonate, all commercial fila- 
ment mixes having proved unsatis- 
factory for one reason or another. 
The wire base is the smallest that 
can be commercially drawn, having 
a diameter of approximately 0.0004 
in. An idea of the minute size of 
the wire can be gained by dropping 
a length of it; even after coating, it 
floats downward like a spiderweb. 

Mounting such a filament in the 
tube requires highly skilled opera- 
tors and is the most difficult step 
in the assembly process. Not only 
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Electrometer Tube 
C. D. GOULD 

Senior Electronic Engineer 
Victoreen Instrument Co. 

Cleveland, Ohio 

must it be properly located with 
respect to the rest of the structure, 
but the tension of the mounting 
springs must be maintained within 
fairly close limits. Otherwise, 
when the wire is heated to high 
temperature during the activation 
process, the filament will either 
stretch or sag by an amount suffi- 
cient to render it useless. 

A typical diode -emission curve is 
shown in Fig. 1A. The point of 
interest is the knee in the curve at 
9 ma. To the right of this point the 
tube is operating fully space - 
charge limited. By rejecting tubes 
which show this knee to the left of 
the 9.5 -ma point, satisfactory op- 
eration at 10 ma and beyond is 
assured, and the plate current be- 
comes much more independent of 
filament current changes than 
would be possible if operation on 
the vertical portion of the curve 
were attempted. 

Emission capabilities of the fila- 
ment are very high, being limited 
mainly by the burn -out point of 
the wire. Short -time filament over- 
loads of 100 percent and higher 
have little effect on performance. 
By applying sufficient plate voltage 
to one of these tubes, diode con- 
nected, to draw 20 or 30 -ma plate 
current, it is possible to have plate 
current continue undiminished even 
after the filament voltage is discon- 
nected, due to the heating of the 
filament wire by the plate current 
flowing through it. Although such 
operation requires space currents 
that are too high for long life oper- 
ation, the phenomenon has been 
used in r -f rectifiers. 

In actual operation the total 
cathode current is never more than 
about 250 microamperes, nearly all 
of which, in the electrometer con- 

nection, is drawn by the first 
(space -charge) grid. For the ab- 
solute ultimate in electrometer 
operation this grid is a necessity; 
operated at a positive potential of 
about three volts, it repels back to 
the filament the positive ions re- 
leased during the emission process 
and prevents their reaching the 
negatively biased control grid. 

The presence of this space -charge 
grid makes possible a number of 
different connections of the tube 
elements. The characteristic curves 
for these various connections are 
shown in Fig. 2A to 2D ; the two 
used for electrometer work are 
shown in Fig. 2A and 2B. Figure 
2A is the classical electrometer con- 
nection, and Fig. 2B is the inverted 
triode connection, which is ex- 
tremely useful in certain types of 
work with higher voltages than can 
be handled with the straight elec- 
trometer. Figure 2C is the high -mu 
connection and Fig. 2D the low -mu 
connection. 

High Input Resistance 

The two great difficulties in using 
a vacuum tube as an electrometer, 
over and above positive ion emis- 
sion from the filament, are gas 
current and leakage resistance. Gas 
current, caused by the migration of 
positive ions to the negatively 
charged control grid, can be con- 
trolled in three ways; for the ulti- 
mate in performance all must be 
employed. The first is the achieve- 
ment of the highest vacuum in the 
tube that can be obtained. The 
second is operation with sufficiently 
low potentials on the tube elements 
to prevent ionization of the few gas 
molecules that inevitably remain 
even when all precautions have 
been taken in pumping. Hand in 

Electrometer tube shown twice actual size 

hand with this latter precaution 
goes the necessity of excluding any 
light whatsoever from the tube 
when it is in operation. Photoelec- 
tric emission of electrons from the 
control grid results in positive grid 
current indistinguishable from gas 
current, even with quite feeble 
illumination. 

Leakage resistance, especially 
when the tube is operated under 
conditions of relatively high humid- 
ity, is a problem of extreme 
importance. In earlier models of 
the subminiature electrometer tube 
the problem was solved by cement- 
ing an amber bead around the 

ELECTRON ICS - March, 1947 107 

www.americanradiohistory.com

www.americanradiohistory.com


control -grid lead to isolate it from 
the remaining leads. With the 
advent of silicone water repellant 
substances, however, a much more 
satisfactory solution to the problem 
was obtained by coating the tube 
base around the control -grid lead 
with a silicone preparation and 
baking this on at high temperature. 
The resulting grid -circuit input 
resistance is of the order of 1018 

to 1018 ohms, and strongly resists 
anything but direct contamination 
by dirt or fingerprints. Even when 
the surface has been contaminated, 
it can be restored very simply by 
washing with alcohol and distilled 
water, using a soft brush, and bak- 
ing in an oven for a short period 
at about 100 C. 

The VX-41, as finally developed, 
easily met requirements for low 
gas current originally imposed. A 
graph showing control -grid current 
for the electrometer connection is 
given in Fig. 1B. This curve is 
for an average tube; selected speci- 
mens will have grid current of one - 
tenth to even one -hundredth the 

amount shown in the curve. Fur- 
thermore, great improvement can 
be had in this respect by operating 
the tube at an even lower plate 
voltage than the six volts used 
here; operation with only four 
volts on the plate gives a very sig- 
nificant reduction in grid current. 

Grid current in the inverted tri- 
ode connection is as small as in 
the electrometer connection, be- 
cause here again the element next 
to the cathode is operated at a 
positive potential, and serves to re- 
turn positive ions to the filament. 

Application to Radiation Meters 

Because our primary concern is 
the measurement of radiation and 
radioactivity, the uses to which 
these tubes were first put were 
in this field. The first instrument 
designed using the VX-41 was a 
sensitive portable radiation meter, 
a simplified circuit of which is 
shown in Fig. 3. The ionization 
chamber in the input circuit of the 
first tube consists of a cylindrical 
metal tube with very thin walls, 
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FIG. 2-Transfer characteristics obtained with tube connections shown 

and with a center electrode mounted 
coaxially and insulated from the 
shell. A potential of 45 volts be- 
tween these two is sufficient to col- 
lect all the ions produced in the 
chamber by the low -intensity radia- 
tion that this device was designed 
to measure. The third tube in the 
circuit, the VX-32, was designed 
specifically as a current amplifier 
to operate a meter. It has an ampli- 
fication factor of only 1.5 and the 
relatively high mutual conductance 
of 150 µmhos, and as it is pumped 
and insulated in exactly the same 
manner as the VX-41 it can itself 
be used as an electrometer, with 
somewhat greater sensitivity than 
the VX-41, where more grid -cur- 
rent can be tolerated. Grid -current 
in the VX-32 is about ten times 
that in the VX-41. 

It will be noted that one 45 -volt 
B -battery supplies both plate and 
filament current for the entire 
amplifier, at a total drain of some- 
what less than 11 ma. The use of 
a single battery simplified the re- 
placement problem tremendously. 
In the actual instrument, the on -off 
switch carries a battery test posi- 
tion whereby it is possible -to set the 
filament current at exactly 10 ma; 
when this can no longer be done 
the battery is replaced. 

The radiation meter described 
above measures the rate at which 
radiation strikes the ionization 
chamber. The higher the radiation, 
the greater the number of ions 
produced, the greater the current 
through the high input resistor, 
and the greater the voltage across 
it. However, because the effect of 
high -voltage radiation such as 
x-rays on the human body is cumu- 
lative, a device which will indicate 
the total amount of radiation re- 
ceived in a given location is of 
prime importance. X-ray techni- 
cians and cyclotron operators, for 
example, are exposed to varying 
amounts of radiation in the course 
of a day. By the use of an instru- 
ment which indicates total quantity 
of radiation it is possible to moni- 
tor the location in which the opera- 
tors work, and make sure the total 
amount of radiation received in one 
day does not exceed the tolerance 
dose. Such a device is the protexi- 
meter, shown in a photograph and 
in Fig. 4. The principle of opera - 

t. 
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Accumulated effect of x-ray radiation is 
indicated directly in milliroentgens by this 
instrument: midscale indicates daily safe 

exposure. Figure 4 is the circuit 

tion is quite simple, but consider- 
able refinement of manufacturing 
technique was required to produce 
the instrument successfully because 
of the tremendously high resistance 
which must be maintained. 

The shell on top of the instru- 
ment is a sealed ionization chamber 
containing a nonionizable capacitor 
and an electrometer tube operated 
as an inverted triode. The capaci- 
tor is charged by a device which 
will be described later, and supplies 
the collecting voltage for the ioniza- 
tion chamber: In the absence of 
radiation no ions are produced, and 
the charge on the capacitor re- 
mains unchanged. When radiation 
strikes the chamber, however, the 
capacitor will lose its charge by an 
amount directly proportional to the 
total quantity of radiation received. 
Thus to measure the total amount 
of incident radiation it is only 
necessary to measure the change in 

voltage across the chamber and 
capacitor; this function is per- 
formed by the electrometer tube. 

Estimate of Leakage Resistance 

It is obvious that for such an 
instrument to perform successfully 
the leakage resistance across the 
capacitor, chamber, and electro- 
meter tube must be almost infinite, 
and gas -current in the electrometer 
almost zero. Some idea of the 
magnitude of these requirements 
may be had by considering the per- 
formance of these instruments as 
produced. 

The total capacitance of the 
chamber, capacitor, and electro- 
meter grid is about 100 micro- 
microfarads. This capacitance is 
charged to -24 volts initially and 
when discharged (a condition that 
represents twice the maximum 
daily tolerance dose) this poten- 
tial drops to -6 volts. In the ab- 
sence of radiation the meter will 
move two percent of full scale per 
day. This drift of course includes 
the effect of the background of cos- 
mic radiation which is present at all 
times everywhere, but by assuming 
this equal to zero we can arrive 
very simply at an upper figure for 
leakage and gas current. 

Daily drift corresponds to two 
percent of 24 volts minus 6 volts, 
or a voltage change of 0.36 volt 
per day across 100 micromicrofa- 
rads. Because Q = CE (where Q is 
charge on capacitance C at poten- 
tial E), this voltage change repre- 
sents a loss of charge of 36 micro- 
microcoulombs per day, which is 
equivalent to a current of 4.15 X 
10_16 ampere. It is difficult to allo - 

FIG. 3-Circuit of portable instrument for indicating intensity 
of low-level radiation 

cate this leakage between gas cur- 
rent and leakage current, but the 
fact that the drift rate is nearly 
constant from one end of the scale 
to the other indicates that most of it 
must be gas current. If it were all 
due to leakage current the amount 
of leakage resistance (assuming 
the chamber fully charged) would 
be given by 24/(4.15 x 10_16), or 
6 x 101s ohms, approximately. It 
is safe to assume that it is at least 
ten times this amount, or nearly 
one million million megohms. 

The charging circuit for the 
chamber is of some interest. Apart 
from the 24 volts necessary to 
charge the chamber, the entire in- 
strument can be operated from a 
6 -volt supply. This supply is made 
7.5 volts to allow for aging of bat- 
teries, and is furnished by five 
flashlight cells. To step this voltage 
up to 24 volts, current is momen- 
tarily passed through a small 
choke loaded with a resistor. The 
voltage pulse developed when the 
current starts is ignored. When 
the current through the choke is 
suddenly interrupted, the voltage 
which will appear across the choke 
can be made any value desired, up 
to a few hundred volts, by properly 
proportioning the shunt resistor. 
To a first approximation (neglect- 
ing the effect of the resistance of 
the choke) the ratio between supply 
voltage and developed voltage 
equals the ratio of the series resis- 
tor to the shunt resistor. Because 
the capacitance of the grid circuit 
chamber requires only a minute 
charging current it will be charged 
nearly to the full voltage developed 
across the choke. 
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FIG. 4-Cumulative x-ray radiation is indicated by this direct 
reading integrating meter 
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Power supply and two of the units. A 
spare supply is available for immediate 

plug-in should breakdown occur 

TIMER 
for Diecasting Machine 
Accuracy and efficiency of diecasting with aluminum and zinc is obtained by an electronic 
timer that determines the interval between the shot or molding action and the ejection of 

the casting from the mold 

By GERALD DeLONG 
Cannon Electric Equipment Co. 

Los Angeles, California 
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CANNON ELECTRIC diecasts for 
other firms such parts as rol- 

ler-skate wheels, crank -cases, pis- 
tons, cylinder heads and parts for 
motor scooters. The precision re- 
quirements of these diecastings in- 
volve exacting tolerances, and the 
normal human variations of an op- 
erator's timing of the diecasting 
process may result in a warped or 
otherwise imperfect casting. 

Before the installation of the 
electronic timing unit to be de- 
scribed the time lapse for cooling or 
setting up of the metal in the mold 
was controlled arbitrarily by each 
operator. If the operator were on 
piece work a tendency frequently 
developed whereby the operator 
opened his machine as quickly as 
possible after each shot. On the 
other hand, if the operator were 
fatigued or his sense of timing slow 
he might allow excessive time to 
elapse before he opened the mold 
and ejected the casting. 

Tests proved that this interval 
was a critical constant for a given 
type of mold. Any significant de- 
crease in the arbitrary interval 
value (reduction of 0.1 second or 
more) resulted in a plastic deforma - 
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Diecasting machine for aluminum and zinc. Automatic control of the cooling period 
of the metal in the mold is obtained by a decay circuit 

tion. Greater tendency for cold - 
flow warping during machining was 
also evident. 

In developing the timing unit, it 
was found that in most thyratrons 
the grid does not have complete 
control over the plate current; it 
can initiate the flow of current yet 
has no power to stop the flow once 
it has begun. In the t pe selected, 
the control grid contro s the flow of 
current between catho e and plate 
and can be biased to c toff without 
removing the plate vol age. 

Circuit Operation 

A negative potential up to 200 
volts may be applied to the control 
grid of the tubé. This can be 
drained off to ground'-in this in- 
stance through a variable resistor 
to ground-until the voltage ranges 
from 33/4 to 0.9 volts 
depending upon the p 
the individual tube, 

a which point, 
rformance of 

t e tube fires. 
To restore the tube to normal, high 
negative bias voltage is applied to 
the grid. 

In the cycle of operation, the op- 
erator closes the diecast mold, and 
pours molten metal from a ladle 
into the machine. He then steps 
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on the foot pedal which rams the 
molten metal into the mold at high 
pressure and at the same time 
closes the initiating relay on the 
electronic timer, starting the tim- 
ing cycle. 

The contacts of the initiating re- 
lay L, normally apply the bias to the 
control grid of the tube and the tube 
is quiescent. Operation of the foot 
pedal actuates the 220 -volt relay 
coil L causing the bias to be re- 
moved from the tube, allowing ca- 
pacitor C to discharge slowly 
through variable resistor R. This 
resistor allows the timing cycle to 
be changed from 0 to 18 seconds as 
required by the shop foreman. 

When the negative potential at 
the grid decreases to the proper 
value, the tube fires. The firing of 
the tube causes plate current flow 
to operate relay L2. This relay in 
turn operates a second and heavier 
solenoid that actuates a solenoid 
hydraulic valve to open the diecast- 
ing machine. 

When the machine begins to open, 
the operator takes his foot off the 
pedal, pulling the ram back. This 
also removes the current from the 
coil of the initiating relay, allowing 

the contact arm to snap back and 
apply the bias voltage to the con- 
trol grid of the tube, causing the 
tube to cease firing and complete 
the cycle. 

Individual Timers 

Since the diecasting machines 
turn out a variety of products, each 
machine requires its own timing 
control unit, and 25 timing units 
are installed in the plant. These are 
assembled in one central rack and 
fed from a common power supply. 
The removal of one unit does not 
interfere with the operation of the 
other units. 

The central control rack is fur- 
nished with a door that is kept 
locked and the key is in the posses- 
sion of the foreman of the section. 
When a new mold is set up in one 
of the machines, the foreman deter- 
mines the mold curing time, and 
sets the variable resistor R in the 
corresponding timing unit for the 
number of seconds that it is de- 
sired the die shall remain closed. 

The operator of the diecasting 
machine closes the die manually, 
pours the charge of metal and kicks 
the foot switch. From that point, 
the electronic gear takes over, times 
the cycles, opens the mold and re- 
turns the ram to its original posi- 
tion. The cast piece is removed and 
the cycle starts over again. 

The central control rack contains 25 timing 
units. These are only accessible to the 
foreman of the section for adjustment 
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Experimental C -R Tubes 
RESEARCH INTO PHOSPHORS and 

methods of reproducing tele- 
vision images indicates that tele- 
vision receivers can be made to give 
bright, detailed images in either 
monochrome or polychrome. 

Many experiments now in prog- 
ress would not ordinarily be dis- 
cussed until they were nearer com- 
mercial application. However, in 
view of present engineering and 
economic discussions on the possi- 
bility of translating color television 
into a public broadcasting service, 
it seems advisable to describe 
briefly several cathode-ray tubes 
that will be available in a few years. 
Thus engineers faced with the 
necessity of making immediate ex- 
ecutive decisions about future de- 
velopments will have available the 
facts, not only of presently available 
means, but also of future potentiali- 
ties on which to base their deci- 
sions. 

The following description of 
tubes and equipment is based on a 
recent tour of the Allen B. DuMont 
Laboratories. 

Screen Brightness 

To increase the screen brightness 
from cathode-ray tubes, the beam 
current and potential can be in- 
creased. Beam current is limited by 
the size of the focused spot. In 
large tubes, high beam currents can 
be used because the absolute size of 
the spot that will just cover a tele- 
vision picture element is large. Thus 
a bright picture can be produced 
from a large directly viewed tube. 

When beam potential is increased, 
so also are difficulties and danger 
from the high voltages, and there 
may be production of x-rays by 
high -velocity electrons. Moreover, 
effectiveness of the high beam po- 
tential in projecting electrons at 
high velocities onto the phosphor of 
the screen is partially counteracted 
by the space charge that accumu- 
lates at the screen. To realize the 
full possibilities of a high beam po- 
tential, it is therefore desirable to 
remove as fast as possible the elec- 
trons that reach the screen. 

Cutaway drawing of back of Trichromoscope shows how three guns paint three - 
colored picture on embossed mosaic on face of tube (seen here from behind). In 
experimental model, mosaic (not shown to scale) covers only portion of tubes face. 

Section of mosaic in center is shown much enlarged 

This removal can be done by pro- 
viding a metallic backing to the 
phosphor screen. The metallic back- 
ing has to be thin enough not to 
slow down the beam electrons, but 
thick enough to provide a conduc- 
tive surface over which electrons 
can move. Also, if it is optically flat, 
the backing can be used to reflect 
forward the light given off into the 
tube, by the phosphor, which would 
otherwise be wasted. Both actions 
of the metallic backing increase the 
efficiency of the tube. The backing 
is aluminum vaporized onto a flat 
intermediate surface produced by 
an organic coating deposited on the 
phosphor. The organic coating is 
then evaporated, leaving a mirror 
surface supported on the tips of the 
crystalline phosphor. 

A 12 -inch cathode-ray tube using 

a medium -persistance (P4) stand- 
ard white phosphor that gave 20 
foot -lamberts at 10,000 volts with- 
out the aluminum screen backing 
gives 300 foot -lamberts at 20,000 
volts with an aluminum backing. 
Intense ambient lighting, 150 foot- 
candles of incident floodlighting, 
completely washed out the picture 
on the dim tube but did not destroy 
the visibility of the picture from 
the bright tube. Even 1,000 foot- 
candles, comparable to direct sun- 
light, did not completely wash out 
the brighter picture. 

The life of such a bright picture 
tube is not materially reduced be- 
cause the electrons penetrate more 
deeply into the phosphor (as a con- 
sequence of the prompt removal of 
electron charge by the metallic 
backing) than in the unbacked 
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for TELEVISION 
Several new types of cathode-ray tubes for television receivers are in development; a 

tube having a screen brightness of 300 foot lamberts for monochrome receivers, a pro- 
jection tube and a direct viewing tube both for polychrome receivers, and a tube having 

a very fast response phosphor for use in Photovision relaying 

tube and thus cause less burning of 
the phosphor. The distribution of 
gun potentials in the tube is modi- 
fied to take advantage of the greater 
obtainable contrast. In an unbacked 
screen, the negative charge would 
become greatest at places of great- 
est brightness, thus preventing 
further bombardment of that spot 
in an effort to make it brighter-a 
saturation effect. In the metallically 
backed screen, such saturation is 
greatly reduced so that much 
greater brightness contrast is 
available at the receiver. This type 
tube is going into production. 

Flicker 

For the received television pic- 
ture to be observable without 
fatigue in a normally illuminated 
room, the picture must be repro- 
duced at a brightness level well 

above the ambient light level. There- 
fore the trend in developing cath- 
ode-ray tubes for television receiv- 
ers has been toward producing the 
brightest possible picture. So far, 
a picture so bright that flicker 
(which becomes more noticeable as 
the viewed picture becomes 
brighter) would become apparent 
with the standard repetition rate 
of 60 fields a second doubly inter- 
laced to give 30 full frames a sec- 
ond has not been commercially pro- 
ducable. But with 300 foot -lamberts, 
some flicker is apparent under some 
conditions. 

The duration of persistence of 
vision decreases relatively as the 
object brightness increases. Thus, 
for a fixed rate of picture interrup- 
tion, there is a limit to the bright- 
ness that can be used in reproduc- 
ing the picture before flicker be- 

comes apparent. Also, the closer the 
viewer is to the picture (more cor- 
rectly, the greater the angle sub- 
tended by the picture at the eye), 
the more noticeable is any flicker. 
But the greater the ambient illumi- 
nation the less apparent is the 
flicker. 

There are several types of flicker 
produced by television pictures. 
Monochrome pictures are repro- 
duced 60 times a second. Thus there 
is a field repetition rate flicker in 
which the whole picture is seen to 
fluctuate in brightness, usually in 
an observable motion with the 
scanning pattern. In addition, be- 
cause two different fields are being 
reproduced by the double interlace 
form of scanning, there is a fine de- 
tail or interlace flicker in which 
sharp edges and other small details 
comparable in size to a single pic - 

Laboratory Photovision setup shows the elements of the system. Light serving as the transmission media for video and audio signals 
is generated (left) in two separate cathode-ray tubes and focused by lenses. Two spots on one tube could be used just as well. 
At receiver, (right) lenses collect transmitted light and focus it on electron multiplier photoubes. Large lenses are used experimentally 

to simplif y alignment of optical system. Black boxes ir-d:cate simplicity and compactnes, of olec:ronic circuits 
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ture element are seen to vibrate be- 
tween adjacent lines, one line in 
each of the two interlaced fields, 
at the 30 -cps rate of the full frame. 
This latter form of flicker, being 
the slower of the two, is the first to 
be noticed. 

For conditions that make flicker 
most apparent, close viewing dis- 
tance and low ambient illumination, 
interlace flicker is apparent in a 
picture reproduced on the experi- 
mental 12 -inch tube at brightnesses 
above about 300 foot -lamberts. 
However, an ambient lighting of 
about 100 foot-candles and a view- 
ing distance of about three feet 
(five times the picture height) 
counteract the interlace flicker at 
this picture brightness. In other 
words, for a normally lighted room 
and a viewing distance that would 
permit several people to watch the 
screen, no flicker is apparent. Of 
course the picture brightness could 
be reduced by the viewer to a level 
appropriate to the conditions under 
which it is viewed. As the ambient 
illumination increases, picture con- 
trast decreases because, although 
the white becomes whiter and the 
black becomes less black, the ratio 
of the brightnesses of the white to 
the black decreases. 

Tubes for Color Television 

Polychrome pictures can be re- 
produced brightly as a result of 
development of colored phosphors. 
Phosphors that give saturated pri- 
mary colors at high brightness, and 
thus eliminate the light losses of 
filters, have been developed. In ad- 
dition, the elimination of the filters 
simplifies the optical system. Fur- 
thermore, the use of separate col- 
ored phosphors in a sequential color 
scanning system makes it possible 
for the individual phosphors to have 
a decay characteristic about as long 
as for a simultaneous system, thus 
increasing the available light from 
the sequentially reproduced picture 
and decreasing the degree of flicker. 
But increasing the decay time of 
the phosphors in an effort to in- 
crease the brightness would tend to 
accentuate the color breakup inher- 
ent in the sequential system. 

By using a multigun cathode-ray 
tube and by dividing the screen into 
several preferably equal rectan- 
gular areas, each area being coated. 

by a different phosphor, a single 
tube serves for the three tubes re- 
cently used in demonstrating sim- 
ultaneous polychrome television. Of 
course the same tube could be used 
in a sequential system by electronic- 
ally switching from gun to gun in 
accordance with the color sequence; 
however, the picture would not be 
as bright in this case as in simul- 
taneous operation. In either case, 
lenses project the primary pictures 
onto a viewing screen. The indi- 
vidual color rasters can be posi- 
tioned electronically to register 
them. No crosstalk is encountered 
between the several electrostatic 
deflection systems of the several 
electron guns. 

In the laboratory model of such 
a tube, four guns and four screen 
areas were provided. In addition to 
the three primary colors, a white 
was added. In comparing the range 
of colors obtainable, it was obvious 
that the addition of a white channel 
added to the range of colored light 
values that could be reproduced, 
just as the use of a black plate in 
four-color printing adds a grada- 
tion not obtainable if only primary 
colors are used. The use of a dark 
(nonreflecting) screen would ac- 
complish much the same result 
without the added transmitted 
bandwidth of a fourth channel. 

For direct viewing, the Trichrom- 
oscope produces a three -colored pic- 
ture. In it, three guns, each modu- 
lated by one of the three color 
channels, scans the screen from a 
different angle. The magnetic de- 
flection yokes of all three guns are 
driven in series from a single de- 
flection generator so that the three 
beams scan in perfect synchronism. 
The screen surface is a series of 
three -sided pyramids. The beam 
from one of the guns strikes but one 
side of each pyramid. Those sides of 
the pyramids that are oriented in 
the same direction, and are there- 
fore scanned by the same gun, are 
coated with the same colored phos- 
phor. Thus each picture element on 
the screen of the cathode-ray tube 
consists of three separate areas of 
colored phosphor. Using a metal 
backing for the screen to prevent 
secondary electrons from one phos- 
phor from exciting adjacent phos- 
phors of other colors, as well as to 
prevent loss of back light and to 

conduct away the charge from the 
screen, 600 foot -lamberts of 
directed brightness are expected 
from this tube. Such great bright- 
ness can be obtained because the 
pyramidal mottling gives roughly 
three times the surface area of 
phosphor to each picture element as 
contrasted with a plain -surfaced 
screen. Flicker would be noticeable 
using this brightness at present re- 
petition rates if the tube were 
viewed from short distances. 

Eventual economical manufacture 
of the Trichromoscope in commer- 
cial quantity is as much a factor in 
engineering its development as the 
design of the tube itself. The screen 
is shaped for test models by an 
ultrasonic engraving technique. A 
soft die with the pyramidal pattern 
milled on it is coated with a very 
fine grinding compound and placed 
on a plate of glass. The glass and 
die are then placed in an ultrasonic 
vibrator. So much energy is deliv- 
ered to the interface between die 
and glass by the very high fre- 
quency of the vibrator despite its 
low amplitude that the grinding 
compound eats into the hard glass. 
The die must be enough softer than 
the work to act as an efficient car- 
rier of the grinding compound. The 
cross -knurled pattern of pyramids 
is such that, except at the edges of 
the patterned area, it is the same 
on the die as on the work, so no 
complicated inversion need be made 
in machining the die. 

For quantity production the soft 
die will be used to cut a hard die, 
on which it would be difficult to ma- 
chine the very fine pyramidal pat- 
tern. The hard die will then be used 
to press the glass face for the cath- 
ode-ray tube just as other intricate 
patterns, such as diffraction grat- 
ings, are pressed into glass. At the 
same time that the pyramidal pat- 
tern is being pressed into the back 
side of the glass, a multilens pat- 
tern can be pressed on the front 
side. With individual lenses over 
each pyramid, the light from the 
Trichromoscope would be directed 
forward, concentrating most of the 
light into the angle from which the 
tube would normally be viewed. (It 
is undesirable to view the television 
receiver screen from too oblique an 
angle because of the foreshortening 
of the figures.) 
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Phosphors are deposited on the 
faces of the cathode-ray tubes by 
settling from suspension. In the 
Trichromoscope, the tube is so ori- 
ented in the phosphor suspension 
that all the faces on the same sides 
of the pyramids are horizontal. The 
phosphor then settles on the up- 
turned faces and not on the others. 
In this way the three different phos- 
phors can be deposited on their ap- 
propriate sides of the pyramids. 

Photovision Tubes 

For relaying television signals 
over distances up to five miles 
(about the same distance between 
relay stations as between repeaters 
on television coaxial links), and 
where line of sight relay paths are 
obtainable, Photovision can be used. 
The technique is to modulate con- 
tinuously the intensity of a beam 
of light just as cine amplitude modu- 
lates a radio -frequency carrier with 
the video or audio signal, and to 
project the beam to a phototube at 
the receiving station. Basically the 
technique is simple. Practically it 
has been used for telegraph sig- 
nalling by the Navy for years. Ex- 
perience has shown that it is quite 
possible to transmit audio over light 
beams for distances of five miles 
despite severe weather including 
fog and snow storms. But to modu- 
late the beam with a video signal 
at upwards of six megacycles per 
second has required some research! 

The speed of response of phos- 
phors had to be made quite fast for 
sequential television reproduction 
to be free of color overlapping. With 
the experience gained in develop- 
ing such fast -response phosphors it 
seemed that a phosphor might be 
developed that would have fast 
enough response for use in Photo- 
vision. The rapidity of response of 
a phosphor can be increased by de- 
creasing the crystal size and the 
screen thickness, and by increasing 
the excitation current per unit area. 
Fortunately high beam current 
density is compatible with the re- 
quirement for great brightness 
necessary for operation well above 
the system noise level. However, the 
high currents would burn the 
screen, so the phosphor is deposited 
on a rotating disc which is driven 
by an induction motor througth the 
glass envelope of the tube. 
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f a squarewave (A) is used to intensity 
modulate a phosphor, the light output (B) 
from the phosphor will show finite rise and 
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lating amplifier; it adds a large differen- 
tiated spike to the squarewave (D), with 
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input signal 

Using fast -response zinc oxide 
deposited very thinly in fine 
crystals, a sufficiently fast -response 
screen with adequate brightness 
was obtained. 

The rate at which a phosphor 
reaches its full light output after 
inception of excitation is very fast; 
the rate at which it stops radiating 
light after excitation ceases is 
slower. However, the excitation and 
extinction rates are not so different 
that they need be considered sepa- 
rately for a first approximation. 
One might consider the phosphor 
as having a limited high -frequency 
response. High frequency compen- 
sation is therefore added to the elec- 

trical circuit to counteract the in- 
adequacies of the phosphor. 

The Photovision system is com- 
parable with coaxial or microwave 
relay systems. The cathode-ray tube 
light modulator replaces the com- 
plex carrier modulators of the other 
relay systems; negligible modula- 
tion power is required. A lens sys- 
tem at the transmitter focuses the 
beam to an electron multiplier type 
phototube at the receiver which re- 
places the superheterodyne prese - 
lector, converter, intermediate am- 
plifier, and demodulator stages. Ad- 
ditional video amplification is used 
in all relay systems to bring the 
signal to the desired working level. 

Either a duplicate system can be 
used to carry the voice channel, 
different phosphor colors (different 
carrier frequencies) can be used, 
or the voice can be carried on a sub - 
carrier that translates it above the 
video channel. Either of the first 
two methods could be used to carry 
the extra color channels of simul- 
taneous polychrome television. A 
messenger signal is used as in other 
transmission systems to provide a 
reference signal for the automatic 
gain control at the receiver that 
compensates for variable losses of 
the transmission path. Noise in the 
Photovision system is very low. The 
transmitter and receiver are suffi- 
ciently small and light not to re- 
quire an elaborate tower. 

One of the complications in the 
development of a workable public 
television service is the difficulty of 
providing network links between 
stations. The expense of producing 
television shows is so high that, un- 
less an audience of a size only pro- 
curable through network facilities 
can be reached, the cost would be un- 
justified. As a relay technique for 
forming television networks, Photo- 
vision can also be used to advantage 
in relaying neighborhood pickups 
back to the studio, and in supplying 
exclusive television transmissions 
to motion picture theaters. With a 
distinct possibility that the micro- 
wave spectrum will become con- 
gested, Photovision offers a means 
of line -of -sight relaying no more 
limited in range than the ultrahigh 
frequencies and with such greater 
directivity that the number of links 
in simultaneous operation in an 
area is nearly limitless.-F.R. 
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By BOLEY A. ANDREWS 
En.pineering Department 

7'he Vendo Company 
Kansan City, Jlinsouri 

Ultrasonic 

THE control system described 
here utilizes sounds above the 

audible frequency range for the 
purpose of actuating motor -oper- 
ated garage doors from a remote 
position, such as from an automo- 
bile approaching the garage. The 
system consists essentially of an 
ultrasonic generator mounted on 
an automobile, an electronic ampli- 
fier and relay system mounted in 
the garage directly above the 
doors, and a microphone installed 
outside of the garage. 

Ultrasonic Whistle 

The ultrasonic generator used 
in the system consists of a vacuum - 
operated whistle, mounted together 
with a reflector directly behind the 
front grille of an automobile. The 
reflector concentrates the ultra- 
sonic wave directly forward and 
protects the whistle from rain, 
snow, and any foreign objects which 
might obstruct the sound orifice. 

The whistle is connected to the 
vacuum system of the vehicle by 
means of a rubber hose, and is 
turned off and on by an air valve 
clamped to the dashboard. The con- 
nection to the vacuum system is 
generally made at the windshield 
wiper mechanism by the insertion 
of a T pipe between the main vac- 
uum line and the windshield wiper 

and vacuum whistle hose line. When 
an electric windshield wiper is used 
on a cart the vacuum connection is 
made at the intake manifold after 
in tailing a suitable fitting. 

The amplifier circuit combination 
necessary for satisfactory operation 

Ultrasonic generator shown here is only 
item installed on car. Pushbutton valve at 
top is mounted on dashboard, and ultra- 
sonic whistle at right is installed behind 
radiator grille. Unattached lengths of hose 
here are part of original windshield wiper 

line on car 

is given in Fig. 1. A voltage ampli- 
fier is followed by a triode which 
serves as a limiter. Limiter action 
takes place with input voltages of 7 

my and over. The limiter is neces- 
sary because it is desirable to intro- 
duce into the discriminator tube cir- 
cuit a constant voltage regardless 
of signal intensity variations which 
can be caused by such conditions 
as the position of the automobile, 
wind velocity and direction, and 
any other factors which may tend 
to increase or decrgase the ultra- 
sonic intensity. 

The amplified and limited signal 
is fed into a discriminator circuit 
which selects the desired signal fre- 
quency, rectifies it, and places a 
negative d -c bias on the grid of the 
first triode section of the following 
relay circuit, so that the second tri- 
ode section operates the relay whose 
contacts control the door -opening 
mechanism. The discriminator also 
protects the control system from 
operation by unwanted ultrasonic 
sources. 

Experiments and tests indicated 
that ultrasonic waves can be pro- 
duced by such sources as jingling of 
keys and coins, rustling of tissue or 
cellophane, and the release of com- 
pressed air through a small jet. 
Analysis of these sounds by means 
of heterodyne ultrasonic detectors 
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FIG. 1-Complete circuit of amplifier used in supersonic door -opening system 
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Garage -Door Opener 
Crystal microphone above door picks up 25,000 -cycle wave produced by vacuum -type 

whistle on automobile. Five -tube amplifier with limiter and discriminator allows de- 

sired ultrasonic signal to actuate relay in motor circuit while rejecting extraneous sounds 

Typical installation of microphone on two -car garage, between doors (in circle). Driver pushes button on dashboard after turning 
into driveway, and doors are open by the time the car reaches them if approach is made at normal slow speed 

indicated the presence of a large 
number of ultrasonic frequencies 
which were not of great strength 
at any one frequency, but gave 
small responses at a multitude of 
frequencies in the range of approx- 
imately 18,000 to 40,000 cycles. 

A second tuned coil, generally 
tuned to a higher frequency than 
the desired signal, is inserted in 
the discriminator circuit. Any sig- 
nals received in this circuit are 
rectified and delivered as positive 
voltages to the relay circuit. If an 
undesired ultrasonic signal is re- 
ceived at the discriminator circuit 
which contains a multitude of fre- 
quencies as generated by the above - 

mentioned ultrasonic sources, the 
resultant d -c output will be zero or 
predominantly positive, depending 
on the frequency distribution, and 
the relay will not operate. The re- 
lay tube circuit is thus operative 
only when a negative voltage of 
proper amplitude is applied to the 
grid. 

The d -c voltage obtained from 
the discriminator circuit is applied 
to the grid of a two -stage double - 
triode relay control tube. Contained 
within this circuit is a time -delay 
network which closes the relay con- 
tacts after approximately three 
seconds of steady signal reception. 
This time delay is necessary to 

prevent door operation by tran- 
sient ultrasonic waves and sudden 
line voltage surges. 

The relay used in the control 
has a low armature release point, 
being generally 50 percent of the 
pull -in value. This is required be- 
cause in field installations a large 
drop in line voltage occurs when the 
motor operating the doors is run- 
ning on the starter winding. This 
drop in some cases reduces the line 
voltage from 120 volts to as low as 
80 volts for a short instant. 

Choice of Generator 

Various methods of generating 
ultrasonic waves were investigated 
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before the final development of a 
vacuum whistle for this purpose. 
The first method considered was 
the use of quartz crystals similar 
to those used in underwater sig- 
naling. While this method was sat- 
isfactory for underwater use, the 
acoustical difference between quartz 
and air proved too great for effi- 
cient sound generation in air. The 
associated electronic oscillator 
equipment required in conjunction 
with the quartz transducer also 
proved too cumbersome and costly. 

The second method involved a 
magnetostriction oscillator using a 
nickel rod with an attached piston. 
This system, as in the case of the 
quartz transducer, required an elec- 
tron oscillator and was very ineffi- 
cient when using air as the medium 
of transmission. 

A third method used a pressure - 
operated air whistle constructed 
similar to a Galton whistle. The 
frequency of this whistle was de- 
termined by the size of a resonant 
cavity which was placed directly 
in front of an air orifice. 

The intensity of the ultrasonic 
waves produced by the pressure - 
type ultrasonic whistle was satis- 
factory, but the frequency of the 
whistle varied greatly with air pres- 
sure. Since this whistle was pres- 
sure -sensitive, and the only source 
of air pressure was from a cylinder 
of the vehicle on the compression 
stroke, an air regulator would be 
required to smooth over the air 
pressure. This would have been too 
costly and cumbersome. 

Whistle Design Data 

A vacuum -type ultrasonic whistle 
was developed, and is now being 
used with good results. As shown 

Amplifier unit used inside garage 

in Fig. 2, the whistle is composed 
of three important parts, an air ori- 
fice, a resonant cavity, and a vac- 
uum connection. The wavelength 
corresponds very nearly to the nat- 
ural frequency of the cavity, which 
can be calculated from )/4 = L - 
0.3 d, where Lis the depth and d 
the diameter of the resonant cavity 
in millimeters, and ), is the wave- 
length in meters. For the best re- 
sults the depth of the cavity should 
not exceed twice its diameter. 

In operation, the air is drawn 
through an orifice and the resultant 
air jet is projected into the mouth 
of a cavity, which is generally 
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FIG. 2 --Cross-section of ultrasonic generator used on automobile. Air gap between 
orifice and resonant cavity is adjusted for high signal intensity and entire assembly 

is then locked and soldered 

drilled to a dimension which is 
one -quarter wavelength at the de- 
sired sound frequency. Whistles 
have been constructed experimen- 
tally from a frequency as low as 
5,000 cycles to as high as 45,000 
cycles. Frequencies above 20,000 
cycles are being used for this par- 
ticular door control application. 

Several interesting facts were 
noted while this whistle was under 
development. Tests indicated that 
no appreciable change in frequency 
was encountered when using a 
given whistle on various vehicles 
which had vacuum readings vary- 
ing from 15 to 19 inches. The 
whistle was- still operative even 
when the windshield wiper was op- 
erated simultaneously with the 
ultrasonic whistle. 

A change in frequency is noted 
when the ultrasonic whi ,tle sys- 
tem is subjected to ambient temper- 
atures. This is caused by the fact 
that the velocity of sound in air 
changes with temperature. The 
velocity of sound in air at any 
temperature t in degrees C is 1,- 
087.5 + 1.97t feet per second. The 
increase in velocity per degree 
centigrade temperature rise is ap- 
proximately 2 feet per second. Be- 
cause of this change in velocity it 
was necessary to provide a band- 
width of frequency response in 
order to obtain satisfactory opera- 
tion despite atmospheric tempera- 
ture changes. 

The microphone used with this 
system consists of a duralumin dia- 
phragm to which is cemented a 
type PN resonant crystal. This 
crystal is an improvement over the 
Rochelle -salt type crystal in that it 
will withstand high temperatures 
such as are encountered in full sum- 
mer sunlight without losing its 
sensitivity. The diaphragm is sus- 
pended in such a manner that it can 
vibrate freely at ultrasonic fre- 
quencies, the size of the diaphragm 
being varied according to the actual 
frequency employed. 

Ultrasonic control as described 
in this article can also be used for 
other control purposes. The present 
application seems to be most ap- 
ropos, however, since the vacuum 
generator is readily applied to an 
automobile and the general public 
is keyed up for postwar electronic 
pushbutton apparatus. 
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F -M CYCLOTRON 
Operating at about 10 me and to be used in atomic energy research, world's largest 

cyclotron accelerates electrons to energies comparable to those of cosmic rays 

At main control position are vacuum gages, interlock lights, 
vacuum -pump flow sheet, shortwave receiver for monitoring 
oscillator, and oscilloscopes showing oscillator frequency and 

dee potential against time 

GIANT CYCLOTRON at University 
of California uses a fre- 

quency -modulation principle to ac- 
celerate electrons to 200 million 
electron volts. Protons (hydrogen 
nuclei) can be accelerated to 350 
mev, alpha particles (helium nu- 
clei) to 400 mev, deuterons (heavy 
hydrogen nuclei) to 200 mev. 

Electrically charged particles that 
are to be accelerated are projected 
into the 1,600 cu ft accelerating 
chamber, which is between the pole 
faces of the magnet, and is main- 
tained at a vacuum of a millionth 
of a millimeter of mercury by five 
stages of diffusion pumping fol- 
lowed by a mechanical pumping 
stage. 

Charged particles, in circling the 
chamber, pass the gap between the 
half drums (dees). A peak poten- 
tial of 50,000 volts across this gap 
accelerates the particles as they 
pass from the left dee to the right 
one. After half a revolution, the 

Pole faces of cyclotron are slightly more than 15 ft. in diam- 
eter. Electromagnet has 3,700 tons of steel in core, 300 tons 
of copper in winding, consumes 500 to 600 kw excitation. 

Gap is 20 in. wide 

Grounded -grid oscillator using water- 
cooled 9C21, the leads of which can be 
seen projecting above ring of vacuum 
capaci ors that ground the grid, dissipates 
50 kw at plate. Rectifier in grid circuit, 
not shown, stops damaging grid emission 

particles return from the right dee 
to the left one, being again acceler- 
ated because the potential between 
the dees has reversd polarity. As 

the electrons move faster they 
travel in larger spirals and, because 
of their relativistic increase in mass 
(they circle the chamber about 10,- 
000 times a millisecond), at lower 
angular velocities. They thus 
transit the gap late in the cycle 
and are not accelerated. To com- 
pensate for this phase defect, the 
frequency at which the potential 
across the dees is reversed is 
lowered. 

In this cyclotron the oscillator 
used to charge the dees is frequency 
modulated at 120 cps between 12.5 
and 8.17 me by a vacuum capacitor 
with 24 teeth on its rotor passing 
at 300 rpm between forked projec- 
tions at the end of the parallel -wire 
resonant line. The change in ca- 
pacitance loading on the line 
changes its resonant frequency. 
Charged particles are accelerated 
during the half of the modulation 
cycle for which the oscillator fre- 
quency is decreasing.-F.R. 
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Predetermined Counters 
Banks of ten -position switches permit setting electronic counter decades to actuate a 
relay after any desired total count. Industrial uses include batching, counting, timing, 

controlling zipper -making machines, and automatic packaging of pills 

Complete four -tube counter decade, which delivers 
ten input pulses 

WITH the ever-increasing use 
of high-speed industrial proc- 

esses and operations there has de- 
veloped a great need for control, 
counting, sorting, and packaging 
equipment to keep pace with highly 
efficient manufacturing standards. 
To meet this need there are now 
available high-speed predetermined 
counters which can be used for 
automatic control of machinery. 

Mechanically operated counters 
have their limitations in the maxi- 
mum speed at which they can count 
(usually less than 10 per second) 
and the fact that they are usually 
actuated by the operation of a ma- 
chine rather than by a processed 
item. Therefore the counter contin- 
ues to register even if the machine 
runs out of stock or fails to operate 
correctly. 

The predetermined counter to be 
described can readily be used to 

one output pulse for every 

count, sort, or group for packag- 
ing any small or large items at 
rates up to 15,000 per minute in 
predetermined quantities from 1 to 
10,000 or more pieces. Some of the 
products which could be so counted 
are pills, buttons, screws, washers, 
caps, sheet steel, machined parts, 
and even liquids. 

By way of illustration, consider 
the application in counting and 
grouping of pills for packaging. 
Figure 1 indicates how a predeter- 
mined counter is used to count a 
definite number of pills and accur- 
ately channel the quantities into 
two lines of bottles on a moving 
conveyor belt. Pills to be packaged 
are placed in a hopper and are fed 
to a rotating disc and belt arrange- 
ment which is designed to emit pills 
in single file at rates of approxi- 
mately 250 per second. As the pills 
pass through the light beam they 

cause impulses, representative of 
quantity, to be injected into the 
input of the predetermined counter. 

Assuming that the desired quan- 
tity in each bottle is 100, the 
counter is set by means of dials to 
actuate a self-contained high-speed 
single -pole double -throw relay each 
time a count of 100 is reached. The 
output of this relay actuates a sole- 
noid which moves a deflector plate 
and thereby channels the pills in 
quantities of 100 alternately 
through two duct channels. The 
conveyor belt carries the empty 
bottles in two lines to gates which 
are directly under the ducts. These 
gates are actuated alternately by 
the same impulses which control 
the deflector plate. When each bot- 
tle has been filled with the correct 
quantity of pills the respective gate 
is opened and the bottle is permit - 

Jed to travel along the conveyor to 
the capper. 

Single Predetermined Counters 

The basic unit of the predeter- 
mined counter is the four -tube 
counter decade described in detail 
in June 1944 ELECTRONICS, p 110, 
which will register a count from 1 

to 9 on neon bulbs and then reset 
to 0, and will provide one output 
pulse for every 10 input pulses 
which are injected. This is ac- 
complished in a binary progression 
using a 1-2-4-8 series. 

The single predetermined counter 
consists of four such decades in 
tandem, four wafer preset switches 
for setting the predetermined 
count, and an electronic switch 
which is used to actuate a double - 
pole single -throw output relay. The 
block diagram in Fig. 2 indicates 
how these parts are functionally 
connected together. By using the 
four decades a count of 0 to 10,000 
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By JOHN J. WILD 
Potter Instrument l'o. 
L9ukint/. bete York 

can be predetermined simply by 
setting the four dial switches (each 
having ten positions numbered 0 to 
9) to the complement of the desired 
number. In other words, if an oper- 
ation is required to take place at 
3333 counts, the number which is 

set up by means of the dial would 
be 6667. The addition of 3333 
counts to the preset number of 6667 
makes 10,000, which is the maxi- 
mum count of the instrument and 
therefore actuates the electronic 
switch for control of the operation. 
In the case of the pill counter de- 
scribed previously, the count of 100 

was achieved by setting the dial 
switches to 9900. 

The dial wafer -type switches 
serve to make connections to the 
proper grids of the trigger tubes, 
for injection of the pulses needed 
to give a predetermined starting 
count. One four -layer wafer -type 
switch is required for each decade, 
with connections as shown in Fig. 
3. The preset combination of 
pulses can be applied automatically 
at the end of each count to the 
common terminals of all switches, 
or manually by means of the preset 
button located on the front panel. 

When automatic preset is used, 
the output pulse from the last dec- 
ade is used to trigger a pulse gen- 
erator which supplies a positive 
pulse to the required grids for 
starting a new count, as determined 
by the setting of the preset 
switches. Manual preset is accom- 
plished by closing the preset switch, 
which injects a positive pulse to 
the selected grids as in the auto- 
matic reset. 

The electronic switch which con- 
trols the position of the double - 
pole single -throw output relay is 
another double -triode trigger stage 
with a neon indicator lamp in each 
plate circuit. At the end of each 
predetermined count these two 
trigger stages are alternately 
switched from conducting to non - 

PILLS EMERGE PILLS COUNTED BY INTERRUPTION OF 
SINGLE FILE /'PHOTOELECTRIC SYSTEM 
250 PER SECOND ; 

-LIGHT SOURCE 
PILLS IN -. 1 i 
HOPPER N I 
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Y1 
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,_ROTATING DISK AND 
BELT ARRANGEMENT 
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GATE 
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;00000 
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FIG. 1-Method of using single predetermined electronic counter for counting 
pills at rate of 15,000 per minute and placing exactly the correct number auto- 

matically in each bottle on the conveyor belt 
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FIG. 2-Block diagram of four -decade single predetermined counter, showing 
switches and lamps set for staring count of 7803 as required for batching 

of 2197 units 

FIG. 3-Switching circuit used for selection of predetermined count on one decade 
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MACHINE 
SHAFT 

TAPE 
SOLENOID 

PAWL 

-STEEL SEGMENT 

---BRASS DISK 

ELECTROMAGNETIC 
PICKUP COIL 

CHANNEL A: FASTENER 
LENGTH 

CHANNEL 5: SPACE 
LENGTH 

DRIVE ROD 

ON MACHINE 

RATCHET 
(METAL FEED TO TAPE) 

FIG. 4-Arrangement for automatic con 
trot of slide fastener machine, using one 
predetermined channel to control the num- 
ber of elements inserted in the fastener 
tape and using the second predetermined 
channel to control the spacing between 

sections on the tape 

conducting, thereby controlling the 
output relay and the neon indicat- 
ing lamps. 

The predetermined counter is 
easily applied to all types of oper- 
ations and processes requiring split- 
second control. The input impulses 
may be derived from a shaft rota- 
tion, the interruption of a photo- 
electric light beam, reciprocating 
member motion, contact closures, 
electromagnetic field disturbance, 
and many other actions which are 
representative of counts. The fast - 
acting output relay can readily be 
adapted for solenoid control. 

Dual Predetermined Counters 

Dual predetermined counters 
may be used for controlling proc- 
esses which consist of two different 
operations. An example of this 
type of application is high-speed 
control of zipper manufacture, il- 
lustrated in Fig. 4. The problem is 
to control accurately the number of 
metal elements and the spacing be- 
tween groups of elements inserted 
in the continuously moving tape. 
These two operations are normally 
controlled by cams or gears, which 
frequently cause errors and limit 
the maximum speed of operation. 

Since the dual predetermined 
counter is designed to provide alter- 

nate switching of the output relay 
at the completion of each of two 
different predetermined counts, this 
instrument can be readily substi- 
tuted for the cam or gear control in 
this application. In practice the 
number of zipper elements desired 
is set up in one channel of the 
counter by means of the dial 
switches, and the spacing between 
the groups of zippers is set up in 
the other counter channel by means 
of a second row of dial switches. 
The input to the counter is derived 
from a shaft rotation which cor- 
responds to the insertion of a 
zipper segment or to an equivalent 
space on the fastener tape. 

With existing types of zipper 
machines it is necessary to change 
gears or cams each time a new fas- 
tener length is desired. By using 
a dual predetermined counter for 
control, this time-consuming oper- 
ation is eliminated. To change fas- 
tener length with the electronic 
control it is necessary to change 
only the dial switch settings, which 
can be accomplished without stop- 
ping the machine. 

The dual predetermined counter 
employs one additional preset 
switch channel and amplifier, as 
indicated in Fig. 5. It can be used 

to control any two-step continuous 
operation by actuating a control at 
the completion of each of two pre- 
determined counts or time inter- 
vals. Normally this model will con- 
trol at rates up to 12,000 per min- 
ute. Equipments suitable for 
higher rates of operation are also 
available. 

Applications 

For accurate counting at high 
speeds, standard counters using the 
decade system described will oper- 
ate at rates up to a million per 
second in response to interruption 
of a photoelectric light beam, clos- 
ing of contacts, or to any other type 
of actuator. 

Predetermined counters are find- 
ing wide usage in high-speed pack- 
aging and sorting applications, as 
well as in high-speed manufactur- 
ing processes which require split- 
second actuation of controls. This 
type of counter is now being used 
in the manufacture of zippers, con- 
trol of tin plate processing, packag- 
ing of many different types of small 
items, and hundreds of other indus- 
trial applications. 

When used as an interval timer, 
a crystal -controlled oscillator is fed 
into the counter by an electronic 
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FIG. 5-Block diagram of dual predetermined counter used for high-speed con- 
trol of two different operations that occur in sequence and recycle continuously 

122 March, 1947 - ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Single predetermined electronic counter, using four counter 
decades and one bank of presetting switches 

switch or gate which is operated by 
the initiating and terminating 
pulses from a time interval. If a 
100-kc crystal is used as the stand- 
ard, the accuracy of measurement 
will be +0 and -10 microseconds 
for an interval as long as desired. 
In units using 400 -mc or 1.6 -mc 
oscillators, the accuracy is +0 and 
-1 cycle of the respective crystal 
frequencies. These interval timers 
are now in use by the armed serv- 
ices for projectile velocity measure- 
ments. 

Preset interval timers using the 
same prineiples as the predeter- 
mined counters are also being 
supplied for the generation of 
precise time intervals which are 
selected by means of dial switches. 

Totalizing 

An instrument has been devel- 
oped which is capable of totalizing 
the individual outputs of many 
sources occurring at random times. 
This system has already been ap- 
plied to a pari-mutuel betting ma- 
chine at a race track for recording 
the amount of money bet on each 
horse at the ticket machines. Since 
this equipment must also convert 
the $2, $5, $10, and $50 bets into 
equivalent dollars for totalizing, 
it was necessary to develop circuits 
which would add and multiply 
electronically. 

In a manufacturing process 
where many machines are making 
the same product at varying rates, 
it is often desirable to know the 

Dual predetermined electronic counter, with two banks of 
presetting switches alternately controlling the decades 

total output or the average rate 
per machine. The totalizator equip 
ment can be readily used for this 
purpose even where the outputs 
occur at random rates and counts 
occur simultaneously. 

This system can be easily applied 
to newspaper plants for obtaining 
an up -to -the -second count of the 
various press outputs. It can also 
be used to record total fluid output 
by totalizing the outputs of the in- 
dividual flowmeters. Power plants 
can use such a device for recording 
the total output from several gen- 
erators by totaling the readings of 
the individual wattmeters. These 
are but a few of the thousands of 
possible applications of totalizator 
equipment. 

The basic part of most calculat- 
ors is a mechanical counter decade. 
Substitution of electronic counters 
will give much greater speed and 
may provide a less expensive 
method of adding, subtracting, di- 
viding, and multiplying, especially 
in business uses. 

Although not specifically de- 
signed for the purpose, the prede- 
termined type of counter described 
is in reality a dividing device. In 
this case the number of impulses 
injected at the input is the divi- 
dend, the complement of the num- 
ber set by the dial switches is the 
divisor, and the number of output 
pulses is the quotient. The totaliz- 
ing circuits mentioned are inher- 
ently multiplying and adding 
devices. 

The electronic counter offers a 
method of increasing the rate of 
circuit selection, now generally ac- 
complished by stepping relays as in 
dial -telephone operation. A series 
of rapid pulses may be transmitted 
over a line for almost instantaneous 
selection of a desired circuit. By 
the use of totalizing counter cir- 
cuits mentioned previously, these 
pulses may even occur simultane- 
ously. 

Counter circuits may also be 
used in the many places where fre- 
quency dividers are required. A 
distinct advantage is the fact that 
the divider stops when the control 
frequency stops. The input control 
frequency may be varied from 100 
kc down to zero and the same divi- 
sion rate will be accurately main- 
tained. The counter circuit used 
as a frequency divider is highly 
desirable in television pulse gener- 
ator circuits because of its stability 
and absolute division rate. 

By use of the predetermining 
features described, it is possible to 
divide any input frequency by any 
factor established by means of pre- 
determined dial switch settings. 

When used as scaling circuits 
and counters in radiation work, 
decades with a resolving time of 
0.00001 second are available. Count- 
ers having a resolving time of 
0.000002 or higher can also be sup- 
plied. A distinct advantage in using 
this type of decade is decimal regis- 
tration of the count, not available 
in other types of radiation counters. 
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Pulse Modulated 
Method and circuits are presented for pulsing a high frequency oscillator so that all waves 
are of the same amplitude. Pulse rate is variable over wide limits independently of oscil- 
lator frequency. Calibration and marking of sweeps with the equipment are described 

AN IMPROVED METHOD for gen- 
erating a train of sine waves, 

in which the first cycle is identical 
to the following cycles, is described. 
The train may be initiated from an 
outside trigger and may therefore 
operate over a wide range of pulse 
repetition frequency. Large peak - 
to -peak amplitudes are available 
requiring but small power input. 

Rapid development of equip- 
ments utilizing pulse techniques 
has made necessary precise meth- 
ods of time measurement. The 
cathode-ray oscilloscope using slave 
sweeps has become a common tool 
for accurate pulse work'2.3 ' 

Various means have been sug- 
gested for calibration of time 
bases '. The method described 
in this paper provides a readily 
adjustable means of generating a 
sinusoidal wave train of uniform 
amplitude under control initiated 
by externally applied triggers. 

Pulsed Resonant Circuit 

The most elementary type of sine 
wave sweep calibrator is shown in 
Fig. 1A. Operation depends on the 
transient oscillation which results 
from sudden interruption of a 
steady current flowing through an 
inductance shunted by a capaci- 
tance. Should the current In be 
suddenly cut off by application of a 
negative gate to the triode grid, an 
oscillatory voltage appears across 
the capacitance such that 

CHARACTERISTICS 

The method described in this paper 
for generating a recurrent finite train 
of sine waves has the following char- 
acteristics: 

Wave train may be initiated by an 
external trigger 

First cycle of the sweep marker 
train has the same ampltitude as suc- 
ceeding cycles 

Any number of cycles in the train 
may be produced by adjustment of 
a single control 

First cycle is delayed by less than 
half a microsecond with respect to 
the trigger pulse 

Frequency of waves in the train can 
be 20 me and higher and still have 
sufficient amplitude for direct de- 
flection of a five -inch cathode-ray 
tube beam or for direct intensity 
modulation 

Plate current consumption of the 
generator circuit proper can be less 
than ten milliamperes at 150 volts 

Frequency of the waves in the train 
may be continuously variable over a 

wide frequency range by simple ad- 
justment 

= - Ip(L/C)1/2c .i/2Q sin wt (1) 

where the symbols are defined and 
derived in the appendix. 

The exponential term of Eq. 1 

determines the rate of decay of the 
oscillation. If Q were very high, 
oscillations would persist, dying 
out gradually. However, with 
ordinary commercial inductors hav- 
ing practical values of Q, oscilla- 
tions decay in a relatively short 
time, as shown in Fig. 1B. 

The magnitude of Q required to 
give an amplitude Ke to the nth 
cycle of oscillation (derived in 
appendix) is 

(n-1)lr 
Q = -) 

Thus to obtain e equal to 0.9e0, 
that is K equals 0.9, where n is 21 
cycles, Q must nearly equal 600 
(This relation incidentally provides 
a method of measuring Q of an 
inductor ".) 

Limitations of the damped train 
as an accurate source of sweep 
calibration markers are numerous 
and some superior means have been 
developed. 

Keyed Oscillator 

It is possible to develop a sine 
wave train by the method shown in 
Fig. 1C. A Hartley type oscillator 
is connected so that application of 
a positive gate to the triode plate 
will result in the growth of oscilla- 
tions such that 

i = (e,/wL) (sin wt) exp Rt/2L (3) 

Oscillations grow at a rate 
determined by the magnitude of 
negative resistance R introduced 
by the oscillator tube. This circuit 
may be difficult to synchronize well. 
The degree of synchronization de- 
pends upon factor e, of Eq. 3. If 
sufficiently high frequency compo- 
nents are present in the rising edge 
of the positive gating pulse, syn- 
chronizing pulses can be obtained 
in the tuned circuit through the 
triode grid -to -plate capacitance. At 
best, locking with the trigger is 
precarious and, in addition, time de - 
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Oscillator 
By ALLAN EASTON 

Special Products Division 
Emerson Radio and Phonograph Corp. 

New York, N. Y. 

FIG. 1-By combining a pulsed resonant 
circuit (A) giving a damped wave train 
(B) with a keyed oscillator (C) giving a 
wave train that builds up (D), a pulsed 
oscillator (E) that can generate a wave 
train of constant amplitude (F) is obtained 

lay involved in waiting for oscilla- 
tions to reach final amplitude, as 
illustrated in Fig. 1D, may be pro- 
hibitive for many applications. 

Combination Circuits 

An ingenious combination of 
both circuits described above was 
developed by Radiation Laboratory, 
Massachusetts Institute of Tech- 
nology. 

The circuit, shown in Fig. 1E, 
may be analyzed qualitatively by 
considering the oscillator tube 
(tube 2) as a source of negative 
resistance. If the oscillator were 
not present, the circuit would be 
similar to that of Fig. 1A, the 
damping resistance in this case is 
greater than zero and therefore 
the wave train will decay expo- 
nentially as mentioned. As the 
magnitude of the negative resis- 
tance (controllable by degeneration 
potentiometer Rd) causes the equiv- 
alent circuit resistance to approach 
zero (Q approaches infinity), the 
envelope of the oscillations more 
nearly approaches a pair of parallel 
horizontal straight lines. Should 
the effective circuit resistance be- 
come negative, oscillations will 
build up from their initial value to 
some final value determined by cir- 
cuit parameters. These conditions 
are illustrated in Fig. 1F. 

The magnitude of the peak 
voltage of the first cycle is 

ema: = Ip(L/C)i/2 (4) 

Equation 4 predicts an oscillator 
voltage proportional to the d -c plate 
current and to the square root of 
the L to C ratio. Substituting 
typical values into the equation 
where C=100µµf, L=2501.1h, I,= 
0.010 amp, and 1=1.006 me gives 
e, equal to 15.8 volts peak or 31.6 
volts peak -to -peak. 

If this voltage is inadequate for 
a particular application, it is then 
necessary to increase I. The upper 
limit to the L to C ratio is deter- 
mined by stability requirements 
and therefore cannot be increased 
indefinitely. 

At about 10 me this circuit be- 
comes expensive and unwieldy. 
Suppose C = 25µµf, L = 10µh, I 
0.010 amp, and f =10.06 mc, then e, 
is equal to 6.32 volts peak. To obtain 
the same value of e, at 10 me as 
was realized at one megacycle, plate 
current should be more than 
doubled and yet circuit stability 
would be poorer because of the 
higher L to C ratio. Should really 
large marker voltages be desired, 
excessive plate currents would be 
required. 

Pulsed Oscillator 

For reasons of economy and 
simplicity another approach to the 
problem, which extends the oper- 
ating range to well over twenty 
megacycles, was tried. The prin- 
cipal difference circuitwise is the 
inclusion of a gas thyratron such 
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as a type 2D21, 2050, 6D4, or 884 
and associated circuits shown in 
Fig. 2. 

Theory of operation is as follows. 
Three tubes are employed, a shock 
tube V1, a clamp tube V2, and an 
oscillator tube V3. The shock tube 
V1 has the characteristic of being 
able to pass large surges of current 
(in excess of five amperes) for a 
short interval and then remain in 
the ready state with the passage 
of a small current (in the order 
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of microamperes). Clamp tube V2 
has the characteristic that its re- 
sistive impedance from cathode to 
ground (the plate is held at a -c 
ground by a capacitor), which is in 
parallel with the tuning coil of the 
oscillator, is very high when the 
tube is nonconducting (control grid 
biased negative), and very low 
(about 300 ohms or less depending 
on tube type) when the tube is con- 
ducting. Oscillator tube V3, with 
its circuit, is permitted to oscillate 
or prevented from oscillating by 
the clamp tube by virtue of the 
tube resistance which shunts the 
tuned circuit. 

In operation the circuit is in the _ 

ready state when C, is fully charged 
through R, to the supply potential. 
Tube V2 is conducting and tube V3 
is therefore in the nonoscillating 
condition. 

Sequence of Circuit Functions 

When it is desired to set off a 
train of oscillations each of the 
same amplitude, a sharp positive 
pulse is applied to the thyratron 
grid through R,C,, causing the gas 
to ionize and C, to discharge 
through the interelectrode space 
and the primary of the high fre- 
quency transformer. Simultane- 
ously with the positive pulse on the 
thyratron grid, a negative gate is 
applied to the grid of the clamp 
tube through C,R, causing the 
clamp tube to become noncon- 
ducting and permitting oscillations 
to build up. 

Oscillations will, therefore, not 
have to build from low amplitude 
gradually, but can be equal or even 
larger than succeeding oscillations. 

When the positive pulse which 
was impressed on the thyratron 
grid decays, the gas tube deionizes 
by virtue of R,C, in the plate cir- 
cuit, and the tube disconnects itself 
from the circuit except for the 
cathode to ground capacitance 
across the tuned circuit. Oscilla- 
tions will continue until the nega- 
tive gate on the clamp tube grid is 
removed, permitting the clamp tube 
to become conducting thereby 
quickly damping the oscillations. 

Rate of decay is determined by 
the magnitude of the resistance 
the clamp tube shunts across the 

tuned circuit. Type 6J4 which has 
a very high value of transconduc- 
tance will damp the oscillations 
faster than will type 6C4. (In all 
cases decay time may be longer 
than rise time.) Meanwhile C, will 
be recharging through R, prepara- 
tory for the next cycle of operation. 

Circuit Characteristics 

This circuit has been constructed 
and tested using component values 
indicated in Fig. 2. With a positive 
plate voltage supply of 150 volts, 
it was possible to obtain as much 
as 80 volts peak to peak at 20 mc. 
This large voltage was possible 
chiefly by virtue of the tremendous 
surge of current delivered by C33 

through the thyratron tube into 
the tuned circuit as explained 
above. The circuit as shown is 
capable of operation at pulse repe- 
tition frequencies ranging from 
less than one cycle per second to 
slightly over 5,000 cps. Total 
average plate current consumption 
of the three tubes does not exceed 
ten milliamperes at the highest fre- 
quency of operation. 

Some necessary precautions for 
obtaining optimum performance 
are: 

The positive trigger which actu- 
ates the thyratron grid should have 
a steep rise, preferably in the 
order of 1,000 volts per micro- 
second. 

The negative gate which actuates 
the clamp tube must rise quickly 
enough so that the clamp tube cur- 
rent is cut off at the same time 
that the gas tube fires. 

The transformer primary must 

be connected to the cathode of the 
shock tube by short leads. The 
primary must be closely coupled to 
the secondary; the primary turns 
numbering one half of the second- 
ary turns, approximately. 

R, is adjusted for flattest topped 
wave trains. 

R. should be selected of sufficient 
resistance to limit peak current in 
the thyratron to a safe value as 
specified by the manufacturer. R, 
may be used to determine the ini- 
tial amplitude of the generated sine 
wave train. 

Applications 

The most obvious application of 
the pulse modulated oscillator is for 
time base calibration. In the com- 
monest case a saw -tooth sweep of 
somewhat indeterminate length is 
used to measure characteristics of 
a pulse display. The sine wave 
train is fed into vertical deflecting 
plates of a cathode-ray tube and 
horizontal deflection sensitivity is 
adjusted to give a full deflection. 
Thus with the period of the cali- 
brating waves known, the time 
scale in microseconds per inch is 
determined. Calibrating markers 
are virtually indispensable where 
the sweep velocity is not constant. 

The pulse to be measured may 
be observed simultaneously with 
the calibrating markers. Controlla- 
ble delay and negative gate dura- 
tion may be adjusted to cause the 
markers to coincide with the pulse. 

Intensity grid modulation of the 
cathode-ray beam is a popular 
means of utilizing sweep markers. 
The sine wave train may be mixed 

FIG. 2-Circuit of a pulsed oscillator that delivers pulses of high, uniform amplitude 
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with blanking pulses or may be 
connected to the cathode or grid of 
the cathode-ray tube while the 
blanking pulses are connected to 
the unused element. Alternate 
bright and dark spots facilitate 
measurement of pulses without dis- 
torting the shape of the display. 

A convenient possibility is to use 
one pulsed oscillator for making 
one microsecond dots and another 
for making 0.1 or 0.05 microsecond 
dots and then mixing the two to 
give marker dots. 

A particularly interesting exten- 
sion of testing amplifiers by square 
wave analysis' is made possible 
with the pulse modulated oscillator. 
In present television receiver prac- 
tice an intermediate frequency of 
about 21 me has been accepted as 
standard. Overall bandwidths of 
3 to 5 me are used and some means 
for testing transient response of 
intermediate frequency amplifiers 
is needed. It is customary to use 
a sweep oscillator and cathode-ray 
oscilloscope" for this purpose. This 
method gives little information 
concerning transient response 
whereas the pulse modulated oscil- 
lator when injected into the grid 
circuit of the i -f amplifier enables 
direct observation of pulse response 
of all circuits after the mixer. Ver- 
tical or horizontal synchronization 
pulses can be used to trigger the 
pulsed oscillator. 

Methods of Calibration 

In order to utilize fully the pulse 
modulated oscillator, some means 
of accurately setting or measuring 
the sine wave frequency is needed. 

Common is the zero beat method 
in which a crystal oscillator or 
standard signal generator is made 
to zero beat with the unknown fre- 
quency. Caution must be main- 
tained to avoid synchronization of 
the pulsed oscillator by the stand- 
ard frequency source or the reverse. 
It is possible for the pulsed oscil- 
lator to begin oscillating at a fre- 
quency determined by its own 
circuit constants and then be forced 
into another frequency of oscilla- 
tion by the calibrating voltage. At 
20 mc, small stray capacitances 
may cause considerable coupling. 
Synchronization of either pulsed 

FREQUENCY 

DIVIDER 

(I) 

STANDARD 
FREQUENCY 
GENERATOR 

(I) 

(I) 

(2) 

-(2) 

(3) 

PULSE 
MODULATED 
OSCILLATOR 

SWEEP 
GENERATOR 

AND BLANKING 

_ 

(2) (31 

VAAffuf 
IDENTICAL FREQUENCIES 

i\f,flAA, 
PULSED FREQUENCY LOWER THAN STANDARD 

FIG. 3-Using the method shown at the 
top, the patterns shown below are ob- 
tained to indicate the frequency of the 

pulsed oscillator 

oscillator or calibrating oscillator 
by one another or by an external 
stray signal must be avoided if 
useful results are to be obtained'. 
The zero beat method gives no in- 
formation about the spacing of 
individual sine waves of the pulsed 
train but measures average fre- 
quency. If the first few oscillations 
had a different period from the 
succeeding cycles, a situation which 
is quite possible, the zero beat 
method would not reveal this fact. 

The fact that the sine wave train 
is pulsed, that is, interrupted pe- 
riodically, gives rise to a spectrum 
of frequencies, any one of which 
may give zero beat with a cali- 
brating frequency. Only one of 
these beats represents the center 
frequency of the wave train. 

Another method of calibration 
utilizes the cathode-ray tube oscillo- 
scope to obtain a Lissajou figure" 
When two voltages of slightly dif- 
ferent frequencies are compared, 
one connected to each pair of de- 
flecting plates of the cathode-ray 
tube, a stationary pattern will ap- 
pear either if the two frequencies 

bear a harmonic relationship, or if 
they have a harmonic in common. 

When the two frequencies are 
equal, a stationary geometric figure 
such as a circle, ellipse, or straight 
line can be obtained. The same 
precautions against unwanted syn- 
chronization must be observed in 
this case. The characteristic circle 
denoting equal frequencies can be 
obtained by comparing the calibrat- 
ing frequency with any one of the 
spectral sideband components of 
the pulsed wave. Frequency dif- 
ference between successive spectral 
components depends upon pulse 
repetition frequency. Advantage 
may be taken of this fact in cali- 
brating by Lissajou figures. If the 
characteristic circle is obtained, 
change the pulse rate slightly ; only 
the center component, that is the 
nominal sine wave frequency, will 
remain unchanged and will con- 
tinue to give the circle. Any spec- 
tral sideband components will 
change frequency when the pulse 
rate is altered. 

An excellent method of calibra- 
tion, first demonstrated to the 
author by R. D. Scheldorf of Radio 
Corporation of America, is illus- 
trated in Fig. 3. A crystal oscilla- 
tor or other type of standard fre- 
quency generator is connected to a 
frequency divider which generates 
a synchronizing pulse to trigger 
the pulse modulated oscillator and 
slave sweep of the cathode-ray 
oscilloscope. The standard fre- 
quency voltage is connected to the 
vertical plates through the vertical 
amplifier, and the pulse modulated 
oscillator to the intensity control 
grid (Z axis). If the two frequen- 
cies differ but slightly, a very easily 
recognized result appears. The 
difference frequency shows up as a 
wave of bright spots whose period 
is equal to the reciprocal of the 
difference. Precautions must be 
taken as usual to prevent oscillator 
pulling. No trouble is experienced 
with sidebands. It is also possible 
to determine whether any shift in 
frequency of the pulse modulated 
sine waves occurs when the pulse 
rate or duration of the train is 
altered. In the case where only 
a few cycles of the train are de- 
sired, the above methods do not 
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give sufficient accuracy for the 
most precise requirements. 

The most accurate calibrating 
procedure developed to date to the 
author's knowledge is the method 
described in a previous paper" 
This paper describes a rapid, accu- 
rate determination of spacing be- 
tween pulses or sine waves having 
production line simplicity and 
laboratory precision. It is possible 
to ascertain whether the first cycle 
has the same period as the succeed- 
ing cycles. This information is 
important where maximum preci- 
sion is desired. 

Mathematical Appendix 

A simplified equivalent circuit of 
-the keyed oscillators discussed in 
the text is shown in Fig. 4. 
Switches S1 and S2 are provided 
to indicate various stages in the 
-operation of the circuits. 

CASE A considers the buildup 
characteristic of the elementary 
pulsed sine wave generator of 
Fig. 1A for which S1 and S2 are 
normally closed, but at t = 0 S2 is 
opened. The differential equation 
-describing the subsequent action is 

L 
die + RLiz + q/c = 0 (1A) 

.or 
(DL + RL + 1/PC)i2 = 0 (1B) 

Where 1/P = f ' dt 
0 

The general solution1ó of Eq. 1 is 
i2 = (exp - ait) [Aisinßt + A2cosßt1 (2) 

In order to evaluate the arbitrary 
constants of integration the follow- 
ing boundary conditions are sub- 
stituted, neglecting Ip RL drop 

t = 0, q = 0, i2 = - I, and (at die 

l 
= 

(ß1) Ip. 

The complete solution is therefore 
i2 = - I, (exp - «it) [cos ß1t - 
«1/ß1 sin ßt] (3) 

We are primarily concerned with 
the potential across the capacitance 

e, = 
a Jizdt 

e, = I,p 
. a1 J (exp - ait) sin ß1t dt - 

pc I, J (exp - ait) cos Sit dt (5) 

Performing the indicated inte- 
gration and evaluating the con- 
stant of integration gives 

(1) 

FIG. 4-Equivalent circuit of pulsed 
oscillator 

- 
e, = ßl (exp - ait) sin ß1t (6) 

If Q is very much greater than 
unity, 

w 
ßl = w, and «1 = , and 

e, = - w (E- wl/2Q) sin wt (7A) 

or also 

e, = Ip (L/C)1/2 (, wt/2Q) sin (wt -I- ir) (7B) 

Equation 7 describes an oscilla- 
tion whose decay properties depend 
upon the magnitude of Q. If Q is 
very high but RL is still larger than 
zero e, decays slowly (see Fig. 1B 

and 1F). If Q is infinite, that is, if 
RL = O 

e, _ - I, (L/C)1/2 sin wt (8) 

This equation expresses the case 
shown in Fig. lE and 2 where the 
oscillator tube is adjusted to cause 
the effective circuit resistance to 
vanish. If Q is negative, that is, 
if R is less than zero, then oscilla- 
tions build up indefinitely. Actu- 
ally losses in the circuit due to non - 
linearity of the oscillator tube will 
limit the amplitude of oscillations. 

In using the circuit in Fig. 1A, 
assume one wishes to ascertain the 
Q required to sustain oscillations 
for n cycles so that 

e = Keo (9) 

then 

eo = Ip (L/C)'/2 (exp - wt/2Q) sin wto 
(10A) 

and 
e = I, (L/C)1/2 (exp - wt/2Q) sin wt 

(10B) 

but 

wto = 
2 

and wt = 2 (n - 1)/r + 2 

then 

e,, exp - (n - 1)ir (11) 
eo 

from which 

(n - 1)a (12) 
4,(1/K) 

Figure 5 is a plot of K versus Q 

for several typical values of n. 

The amplitude of the first cycle 
of oscillation may be readily ob- 
tained from the Eq. 7A. Let cpt = 
i/2 and Q»1 then e,,, _ 
1.(L/C). As a check this can be de- 
duced from energy considerations 
where 

2 
LI ,2 = 

2 
Cecz (14) 

and 

e,, = Ip (L/C)1/2 (13) 

CASE B refers to Fig. 1C for 
which S2 in Fig. 4 is open through- 
out. Before t = 0 S1 is closed. At 
t = 0 S1 is opened causing circuit 
resistance to become negative. Syn- 
chronizing pulse e, causes transient 
oscillation to begin such that 

i (DL + R + 1/PC) = e, (15) 

from which 

i = at [Ai sin ßt + Az cos ßt] (161 

We are not concerned with steady 
state condition because e, is negli- 
gible compared with the amplitude 
of the resulting oscillation. Bound- 
ary conditions are t = 0, q = 0, 

di/dt = e,/L giving 

i = 
ßL 

at sin ßt (17) 

and if Q»1, and R<0 then 

i = 
wL 

(exp R1/2L) sin wt (18) 

This expression is the equation of 
an oscillatory current which builds 
up from zero to some final value 
determined by tube nonlinearity. 

CASE C considers oscillations 
after application of the negative 
gate to the grid of the clamp tube. 
Oscillations will continue in a man- 
ner determined by the magnitude 
and sign of the effective circuit Q. 

When the negative gate is removed 
and the cathode follower is per- 
mitted to become conducting, oscil- 
lations will be damped at a rate 
determined by the magnitude of 
R,. When S2 is closed (correspond- 
ing to removal of the negative 
gate), equations describing the 
currents in the two meshes are 
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E=iI(R.+ DL) -is(DL) (19) 

O = - ii (DL) + i2 (DL + 1/PC) (20) 

(RL is neglected as its effect is neg- 
ligible compared with R,). Equa- 
tions 19 and 20 may be solved 
simultaneously for i, giving 

zi R,C LC / 
Roots of the auxiliary equation are 

rI l 

r2 
= a2± ß2 

=0 (21) 

It is not necessary for the pur- 
pose of this analysis to complete 

the particular solution for i2. It is 
sufficient to observe that when ß = 
0 the circuit is critically damped 
and current in the capacitor can 
decay to zero without oscillatory 
overshoot; this is the borderline 
condition. The value of R, required 
to give critical damping is deduced 
from 

1 1 

=( 4R;C LC 

For the overdamped condition 

R, < 
2 

(L/C),/2 

= 0 (22) 

(23) 
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FIG. 5-Graph shows the quality (Q) of a resonant circuit if the oscillations initiated 
by shock are to decay to a particular fraction (II) of their initial value in a given 

number (n) of cycles 

It should be noted that in cir- 
cuits shown in Fig. lE and 2 there 
are two transients. There is the 
transient resulting from current I, 
which flows when S2 is closed, and 
the residual alternating current 
which remains when S1 is closed. 
By the principle of superposition 
each condition may be considered 
separately. Both conditions give 
similar differential equations but 
have different boundary conditions, 
which do not affect the analysis 
because we are not concerned with 
currents but rather with rates of 
decay of currents. It is evident 
that for rapid damping, at high 
oscillator frequencies a cathode fol- 
lower having low cathode to ground 
resistance is essential. Otherwise 
decay time may be considerably 
longer than rise time of the pulse 
modulated oscillator waveform 
envelope. 

If R, can be made very small so 
that (1/4R,2C2) > > (1/LC) then i2= 
AI (exp -t/R,C) and i, will decay 
exponentially to a value of 1/e in 
R,C seconds. 

Substitution of typical values 
into the last equation gives the 
following data: either f = 1 mc, 
C = 100µµf, L = 250 µh, R = 790 
ohms, and t = R,C 7.9 x 10-8 sec, 
or f = 10 mc, C=25µµf,L=10 
µh, R =316 ohms, in which case 
t= 7.9 X 10-a sec. 
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STABLE 
VOLTMETER 

Experimental model of electronic direct - 
coupled voltmeter 

By R. W. GILBERT 
Electronic Engineering Division 

Weston Electrical Instrument Corp., 
Newark, N. J. 

VACUUM TUBE amplification to 
extend the sensitivity of direct 

indicating electrical instruments 
has attracted the attention of 
numerous investigators, resulting 
in many effective methods for ob- 
taining stability beyond that 
normally required for sound ampli- 
fication. The impedance coupled 
alternating -current instrument am- 
plifier has been particularly highly 
developed, largely by properly ap- 
plied degeneration effective over 
the frequency range desired. The 
conductively coupled amplifier, re- 
sponsive to both alternating and 
direct current, has however proved 
more difficult because of circuit 
limitations imposed by the 
necessity for both amplifying and 
degenerating through the conduc- 
tively coupled circuit loop. 

Condition for Stability 

Broadly the attainment of stabil- 
ity in the face of variable tube 
coefficients is a problem of sacrific- 
ing a maximum of inherent ampli- 
fication by degeneration, resulting 
in less gain but a proportionately 
greater stability. From this view- 

point it is apparent that the opti- 
mum combination is an infinite 
inherent gain which is completely 
degenerated, resulting in an am- 
plifier having a nominal overall 
gain and first order independence 
of variations in tube coefficients. 

At first it would appear possible 
only to approach but not obtain 
this condition because infinite gain 
considered as a separate function 
would be on the threshold of self - 
sustained oscillation. However, the 
superposition of degeneration ex- 
erts a stabilizing influence, and, 
unless inhibited by the time con- 
stants of the circuit, a stable 
overall system is possible. The 
present circuit is capable of ad- 
justment to and beyond this ideal 
condition, and in practice reduces 
the influence of tube variables en- 
tirely to a second order effect. 

Consider the circuit of Fig. 1 

wherein the plate of the triode is 
conductively coupled to the grid 
through a battery equal to the 
voltage normally existing between 
these elements in a conventional 
amplifier circuit. Coupling of this 
nature is essentially degenerative 
in direction inasmuch as any plate 
voltage variation is transmitted to 
the grid as a corrective control to 
partially restore the original plate 
voltage. If an input voltage e is 
injected in series with the grid the 
voltage change E appearing at the 
plate is in a direction to reestablish 
the original grid voltage through 
the coupling battery. Thus the 
plate voltage shift is a measure of 
the input voltage, but less by an 
amount that is a function of the 
amplification factor. 

For this condition the feedback 
relationship (Regeneration Theory 
by H. Nyquist, B.S.T.J., 11, 1932, 
Jan., p 126) applies 

E 
Overall voltage ratio = = Mb + 1 (1) 

where M is the amplification factor 
(voltage ratio) of the tube proper 
in its circuit without feedback, 
and b is the transfer characteristic 
of the feedback loop, in this case 
the plate -grid degenerative connec- 
tion. But here plate voltage changes 
are transmitted entirely to the grid 
so b is unity, and Eq. 1 becomes 

E M 
e M-}-1 

From this equation it is apparent 
that as M becomes larger the over- 
all amplification factor approaches 
unity and, which is more important, 
becomes more independent of 
changes in M. 

This circuit is similar in func- 
tion to the conventional cathode 
follower circuit except that the 
resistance mutual to the input and 
output circuits is in the form of 
a plate resistor rather than a 

(2) 

COUPLING 
BATTERY 

III' 

OUTPUT 
VOLTMETER 

E/e = M/(M I 

M. GRID TO PLATE 
VOLTAGE RATIO 

T 

FIG. 1-Degenerative coupling from plate 
to grid, through a battery to preserve the 
required operating potentials on grid and 

plate, stabilizes the tube circuit 
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By means of a compound feedback circuit extreme stability is obtained in a conductively 

coupled electronic instrument. Positive feedback produces an effectively infinite gain 

that is highly degenerated by negative feedback 

cathode resistor. The circuit may 
thus be considered as a "plate 
follower" in distinction to the 
cathode follower type of circuit. 

Realizing the Conditions 

The absence of cathode resistance 
permits the introduction of addi- 
tional tube elements without involv- 
ing their operation with the 
degenerative function of the control 
grid. In the two -tube circuit of 
Fig. 2 this feature of independence 
allows the introduction of a second 
grid to obtain regeneration, re- 
sulting in an effective increase in 
M. The second grid of each tube is 
crossed to the plate of the opposite 
tube to obtain regeneration in a 
manner similar to the action of a 
multivibrator. An adjustable 
plate -to -plate shunting resistor 
allows adjustment of the degree of 
regeneration. In practice the sec- 
ond grid is most conveniently the 
screen grid of a standard pentode, 
which is designed to operate at 
voltages comparable to the plate 
voltage without secondary emission 
complications. 

If the control grids are tem- 
porarily made ineffective, for 
example by disconnecting and bias- 
ing from a separate source, and the 
regeneration control increased, a 
point of instability will be reached 
where the circuit will fall over, one 
tube blocking and the other con- 
ducting in the manner of a half 
cycle of multivibrator operation. 
At this point the circuit is critically 
regenerated and is essentially an 
amplifier of infinite gain. If the 
control grids are then reconnected 

to the degenerative coupling 
batteries all tendency toward insta- 
bility will be restrained by super- 
imposed degeneration and the 
circuit will function as the circuit of 
Fig. 1 containing a tube of infinite 
M. In fact the regeneration con- 
trol may be further advanced and 
the circuit operated in the seem- 
ingly impossible region of greater 
than infinite (negative) internal 
gain. 

is noticeable, and this condition 
of zero grid excursion may 
be used in practice as the 
criteria for adjustment of the 
regeneration control. If the regen- 
eration control be adjusted above or 
below the critical point while the 
circuit is subjected to an input vari- 
ation, a control grid excursion will 
appear but of a polarity with re- 
spect to the input dependent upon 
the direction of misadjustment. 

Chassis contains power supply and amplifier circuit of voltmeter; indicating instru- 
meni is mounted on cover 

With the circuit adjusted to this 
point of critical regeneration, the 
control grids exert only a transient 
type of control upon the tube space 
paths, while the regenerated screen 
grids and plates do the actual work 
of establishing the output voltage. 
If the control grid -cathode voltages 
are observed while an input 
voltage is applied, no change 

In a practical instrument ampli- 
fier the feature of zero grid excur- 
sion for a tangible plate voltage 
output means a materially more 
linear relationship between input 
and output because 'the plate and 
screen grid variational factors are 
more constant over wider voltage 
excursions than the control grid. 
Also the tubes can be operated at 
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the quiescent grid current point 
throughout the range of input, 
minimizing grid current demand in 
sensitive direct -current applica- 
tions. 

Significance of Circuit Characteristics 

When critically regenerated, the 
circuit also has the interesting 
property of behaving as an output 
voltage source of zero variational 
resistance within functional limits. 
In operation with an input voltage 
applied, the output voltmeter may 
be shunted to demand more output 
current without affecting its read- 
ing. Conversely series resistance 
may be added to the coupling bat- 
tery circuits without affecting the 
output reading. In either case the 
plate to screen -grid regenerative 
action supplies the additional out- 
put energy without requiring any 
static change in the control grid 
potentials, so the overall voltage 
ratio remains constant. Insufficient 
regeneration causes a positive vari- 
ational resistance to appear, and 
excessive regeneration causes 
a negative variational resist- 
ance. In the latter case shunting 
the output voltmeter will increase 
its reading. Naturally if regenera- 
tion is increased beyond the critical 
point to where the negative resist- 
ance looking into the output end of 
the amplifier is greater than the 
positive resistance within the output 
voltmeter, the circuit will become 

unstable and fall over. Also as re- 
generation is increased from the 
optimum critical point to the point 
of instability the overall voltage 
ratio varies to infinity. These ef- 
fects have no probable practical sig- 
nificance but serve to demonstrate 
the fact that considerable latitude 
exists between the point of opti- 
mum adjustment and the region of 
instability. In fact unless the re- 
sistance of the output voltmeter is 
quite low, complete removal of the 
regeneration control resistor will 
not produce instability in standard 
pentode type tubes. 

When used as a d -c amplifier the 
question of zero stability becomes 
of interest. No material advantage 
over conventional d -c amplifier cir- 
cuits is apparent in respect to sta- 
bility, but in general the usual pre- 
cautions apply. Use of two tubes in 
opposition reduces the effect of con- 
tact potential variations to a differ- 
ential rather than a direct effect, 
so that regulation of the heater sup- 
ply voltage, if necessary, is really 
effective. The major cause of zero 
drift then becomes the differentials 
between the two tubes that change 
with time, which fundamentally 
cannot be compensated and can 
only be reduced by the use of 
matched tubes. 

Practical Circuit 

The circuit of Fig. 3 is essentially 
the circuit of Fig. 2 reduced to a 

practical arrangement. The coup- 
ling batteries are replaced by cold - 
cathode gas voltage regulator 
tubes which have sufficiently low in- 
ternal variational resistance not to 
load the output circuit unduly. The 
input tubes are followed by a stage 
of cathode followers primarily to 
remove the output load and the 
regulator tube current from the re- 
generative portion of the circuit. 
Without the buffer action of the 
cathode followers it might prove 
impossible to supply the desired 
output without loading the input 
tubes to the point where critical re- 
generation is not attainable. While 
a battery plate supply is shown for 
simplicity, the circuit is particu- 
larly adaptable to service power 
supply with a minimum of filtering 
because the regulator tubes effec- 
tively regulate the element voltages. 
This regulation together with the 
zero resistance output characteris- 
tic removes virtually all supply 
voltage ripple from the output. 

The gas regulator tubes unfor- 
tunately have a small equivalent in- 
ternal inductance due to the total 
ion mass in the space path. In an 
alternating -current amplifier this 
inductance causes an additional out- 
put loading factor that manifests 
itself increasingly with increasing 
frequency. This inductance is in 
the order of six millihenrys in small 
tubes (Type 991, etc.) and 80 mh 
in larger tubes such as the VR 

ZERO ADJUSTMENT 

OUTPUT VOLTMETER 

ZERO ADJUSTMENT 

OUTPUT VOLTMETER 

FIG. 2-Regenerative feedback to auxiliary grids increases 
amplification. Balanced circuit is used to obtain necessary 

phase reversals 

Fp. 3-Practical circuit incorporates cathode -coupled isola- 
tion tubes and gas tubes in place of batteries for maintaining 

proper biases 
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series, at normal operating current. 
Capacitive bypassing has limita- 
tions because, if sufficiently heavy, 
the tubes may be damaged when 
starting. Also resonance against 
the internal equivalent inductance 
can actually increase the loading at 
the resonant frequency. However, 
as an instrument amplifier applica- 
tion is limited largely to d -c and a -c 
not exceeding audio frequency, 
where this inductive loading effect 
is not serious. 

For simplicity of explanation it 
is assumed that the circuit of Fig. 3 
is arranged to provide a voltage 
ratio of unity, whereas any voltage 
ratio is possible by incorporating 
a degenerating network rather than 
a simple mutual resistance. Also 
four basic operating combinations 
are possible; voltage input with 
voltage output, voltage input 
with current output, current 
input with voltage output, and 
current input with current out- 
put. These combinations are 
shown in Fig. 4 as changes 
to the circuit of Fig. 3, to- 
gether with the expressions for the 
gain in each case. Note that for 
current input a current balance net- 
work is employed rather than adapt- 
ing the voltage input circuit to cur- 
rent by passing the input current 
through an input shunt. This cur- 
rent balance arrangement balances 
the input terminals to zero poten- 
tial, maintaining effectively zero 
resistance looking into the input 
end of the amplifier. Thus in the 
case of current as well as voltage in- 
puts the circuit demands no energy 
from the input source. 

Drift 

In common with all conductively 
coupled amplifiers the circuit is in- 
herently a high input impedance de- 
vice and is at a disadvantage from 
the standpoint of zero stability 
when operated from low impedance, 
low voltage sources such as a ther- 
mocouple. The tendency to zero 
drift is caused principally by con- 
tact potential variations within the 
input tubes, but all circuit compon- 
ents contribute more or less to the 
total drift. However, for simplicity 
the amount of drift that can be ex- 
pected from the tube circuit proper 
is best expressed as the equivalent 
grid potential variation, or the 

VOLTAGE RATIO .E/e.(R,eR2)/R, 

- 

+ 

(e) 
efs E fs R, 

Rm(R,(-R2) 

VOLTAGE INPUT WITH VOLTAGE OUTPUT RO- R,+R2+Rm 

i 

TRANSCONDUCTANCE =I/e . 1/R 

ev ev 
+ I + 

(e) 

D, 
efs IfsR 

Ro. R+Rn - 
VOLTAGE INPUT WITH CURRENT OUTPUT 

0 Oil TRANSRESISTANCE= EA. °R 

ev(R+Rs) ev(R+Rs) 

D R 
(I) 

IfsR Rs Efs Rs 

R 

RO 
R 

r 

CURRENT INPUT WITH VOLTAGE OUTPUT 

OO 
CURRENT RATIO = I/I=( R,+ R2) /R, 

ev(R,aR2+Rs) ev(RiaR2aRs) 
D IfsRs(R,+R2) Ifs R. Rs 

R, R2 

t 
(I) R2 

I _ 

, 

ii 
+ RO + Rm 

CURRENT INPUT WITH CURRENT OUTPUT 

D = DRIFT FACTOR (TIMES 100 FOR PERCENT OF FULL SCALE DRIFT) 
Ro=LOAD RESISTANCE PRESENTED TO AMPLIFIER 
ev = AMPLIFIER DRIFT IN TERMS OF GRID VOLTS 
Rm=RESISTANCE OF INDICATING INSTRUMENT 
Rs ' RESISTANCE OF INPUT SOURCE 

SUBSCRIPT fs INDICATES FULL SCALE VALUE 

FIG. 4-Variations in the degeneration network of Fig. 3 adapt the instrument to 
various combinations of input and output. Equations indicate drift and loading 

amount of grid potential change re- 
quired to rebalance the circuit after 
drift has taken place. The effect of 
this potential change in terms of 
output can then be calculated from 
the constants of the degenerating 
network, and expressed as a drift 
factor D for any set of conditions. 
The expression for the drift factor 
is given in Fig. 4 for the four basic 
degenerating networks in terms of 
the equivalent grid potential drift 
variations e,,. Note that in the case 
of current input the resistance of 
the input current source is effec- 
tively in parallel with the grid 
circuit and enters the expression. 
The drift factor expresses the ratio 
of expected .drif t to full scale output 
or input, and can be multiplied by 
100 to obtain the expected drift in 
percent. Note also that the load 
presented to the amplifier output Ro 

does not enter the drift expression 
because an optimum adjustment of 
regeneration is assumed ; in case of 

misadjustment the load resistance 
will have a small second order effect 
upon drift. 

In practice eu can be determined 
experimentally by setting up the 
unity gain circuit of Fig. 3 with the 
input terminals short circuited. As 
the circuit drifts, e, is read directly 
on the output voltmeter. 

An experimental design of elec- 
tronic d-c.voltmeter using the com- 
pound feedback circuit was built. 
This particular instrument includes 
features of convenience such as in- 
put polarity reversal and center 
zero switch positions, and means 
for calibration and zero adjustment 
without disconnecting the input. It 
contains an input network for four 
voltage ranges from 100 millivolts 
to three volts. An experimental com- 
panion instrument for current 
measurements down to 0.1 micro- 
ampere full scale, similar in appear- 
ance to the electronic voltmeter, 
was also designed. 
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Wavelengths of SOUND 
The velocity of sonic or ultrasonic energy varies over a range of 50 to 1, depending on 

the medium. Once velocity is determined, by using the table below, the wavelength for 
any frequency from 10 cycles to 100 megacycles can be found on the nomograph 

Velocity of Sound in Solids Velocity of Sound in Liquids 

Material 

Longi- 
tudinal 

Bar 
Velocity 
in cm 
per sec 

Plate 
(Bulk) 

Velocity 
in cm 

per sec 

Tempera- Velocity 
ture in cm 

Material in deg C per sec 

Aluminum 5.24x105 6.4x105 Alcohol, ethyl 12.5 1.24x105 
Antimony 3.40x105 20 1.17x105 
Bismuth 1.79x105 2.18x105 Benzene 20 1.32x105 
Brass 3.12x105 4.25x105 Carbon bisulfide 20 1.16x105 
Cadmium 2.40x105 2.78x105 Chloroform 20 1.00x105 
Constantan 4.30x105 5.24x105 Ether, ethyl 20 1.01x105 
Copper 3.58x105 4.6x105 Glycerine 20 1.92x105 
German Silver 3.58x105 4.76x105 Mercury 20 1.45x105 
Gold 2.03x105 3.24x105 Pentane 18 1.05x105 
Iridium 4.79x105 20 1.02x105 
Iron 5.17x105 5.85x105 Petroleum 15 1.33x105 
Lead 1.25x105 2.4x105 Turpentine 3.5 1.37x105 
magnesium 4.9x105 27 1.28x105 
\langanese 3.83x105 4.66x105 Water, fresh 17 1.43x105 
Nickel 4.76x105 5.6x105 Water, sea 17 1.51x105 
Platinum 2.80x105 3.96x105 
Silver 2.64x105 3.60x105 
Steel 5.05x105 6.1x105 
Tantalum 
Tin 

3.35x105 
2.73x105 3.32x105 Velocity of Sound in Gases 

Tungsten 4.31x105 5.46x105 

Velocity Zinc 3.81x105 4.17x105 

Tempera- in cm 
ture 

Material in deg C per sec 
Cork 0.50x105 
Crystals, quartz, 

X -cut 5.44x105 5.72x105 Air 0 0.331x105 
ADP (NII4H2PO4) 20 0.343x105 

45° Z -cut 3.28x105 4.92x105 Argon 0 0.319x105 
Rochelle Salt, 

45° Y -cut 2.47x105 Ammonia gas 
300 

0 
0.307x105 
0.415x105 

Rochelle Salt, Carbon dioxide 0 0.259x105 
45° X -cut See Fig. 2 Carbon monoxide 0 0.338x105 

Rochelle Salt, Chlorine 0 0.206x105 
L -cut 5.36x106 Deuterium (heavy 

Tourmaline, Z -cut 7.54x105 hydrogen) 0 0.890x105 
CaF2 (fluorite), Ethane 10 0.308x105 

X -cut 6.74x105 7.18x105 Ethylene 0 0.317x105 
NaC1 (Rock salt), Hydrogen 0 1.28x105 

X -cut 4.51x105 4.78x105 Hydrogen bromide 0 0.200x105 
NaBr, X -cut 2.79x105 3.2x105 Hydrogen chloride 
KCI (sylvite), gas 0 0.296x105 

X -cut 4.14x105 4.38x105 Hydrogen iodide 0 0.157x105 
KBr, X -cut 3.38x105 3.48x105 Hydrogen sulfide 0 0.289x105 

Glass, 
heavy flint 3.49x105 3.76x105 

Helium 
Methane 

0 
0 

0.97x105 
0.430x105 

extra light flint 4.55x105 4.80x105 Neon 0 0.435x105 
heaviest crown 4.71x105 5.26x106 Nitric oxide 10 0.324x105 
crown 5.30x105 5.66x105 Nitrogen 0 0.334x105 
quartz 5.37x105 5.57x105 20 0.351x105 

Granite 3.95x105 Nitrous oxide 0 0.26x105 
Ivory 3.01x105 Oxygen 0 0.316x105 
Marble 3.81x105 20 0.328x105 
slate 4.51x105 Sulphur dioxide 0 0.213x105 
Wood, elm 1.01x105 Water vapor 0 0.401x105 

oak 4.1x105 100 0.405x105 

By BERTHA W. HENNIS 
Crystal Section 

Office of Research and Inrentions 
Saral Research Laboratory 

Washington, D. C. 

THE TABLES give the longitudinal 
bar and bulk velocities of 

sound in various solids, as well as 
the velocity of sound in some 
liquids and gases. 

The effective velocity of sound, 
V, to be used in these calculations 
is a rather complex function of the 
exciting frequency and the shape 
and dimensions of the vibrating 
element. Very few three-dimen- 
sional elastic solid problems have 
been studied in detail, but the fol- 
lowing comments may be used as a 
guide in obtaining an approximate 
value of the effective velocity in the 
elements of many vibrating sys- 
tems. ' 

For cylindrical elements of ap- 

V3 

VI 

V2 

--BULK VELOCITY 

DIAM. L<DIAM. 

(A) 

2 3 4 
RATIO OF DIAMETER TO WAVELENGTH 

----LONG BAR VELOCITY 

-MINIMUM VELOCITY 

(B) 

RATIO OF WIDTH TO WAVELENGTH 

FIG. 1 -Variation of velocity of sound 
with dimensional ratios of solids 
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LAMINATED OCTAL SOCKETS 

No. 11 C 11961 
1 1/2` Mounting Center 
1/16" top plate 

TH E laminated Octal 

Socket choice of leading set 

manufacturers is pictured here. 

lE s a Cinch! Tested by time and 

service . . . the Cinch Socket is the 

Standard with an enviable record for 

meeting TODAY'S MANUFACTURING 

EMERGENCIES. 

Samples and further information on request 

No. 6768 
1 5/16 Mounting Center 
1/16" top plate 

No. 6798 
5/16' Mounting Center 

3/64" top plate 

CINCH MFG. CORPORATION, 2335 W. Van Buren St., Chicago 12, III., Subsidiary of United -Carr fastener Corp., Cambridge 42, Mass. 
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Wavelengths of SOUND (continued) 

proximately circular or square 
cross-section, with free sides, the 
effective velocity varies with the 
ratio of diameter to wavelength as 
illustrated by Fig. 1A, where V, is 
the bulk velocity and V, is the long 
bar velocity. For most metal back- 
ing materials the ratio V,/Vl is 
about 0.65. 

For rectangular elements with 
free sides whose thickness is less 
than the width, the effective velocity 
for the element vibrating in exten- 
sion (not thickness) varies with 
the ratio of width to wavelength as 
illustrated by Fig. 1B. Crystals are 
usually of such size that this curve 
is applicable. The ratio V.,/V, can 
be taken as equal to 0.8 for most of 
the cuts of crystals in general use. 

Constraints on the sides of the 
cylindrical elements have the effect 
of increasing the ratio of diameter 
to wavelength. Similarly, con- 
straining the sides of rectangular 
elements increases the effective 
ratio of width to wavelength. 

The velocity for a zero diameter - 
to -wavelength ratio is the long bar 
velocity, and the velocity for an 
infinite diameter - to - wave - length 
ratio is the bulk (plate) velocity. 
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FIG. 2-Variation of longitudinal velocity 
in 45 -degree X -cut Rochelle -salt crystal 
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FIG. 3-Nomograph based on relation that velocity is equal to product of frequency 
and wavelength. When any two known values are connected by straightedge, inter- 

section with third scale determines value sought 
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MALLORY Carbon Controls 
Operate Noiselessly. . . and 

that's only part of the story 
When you specify a Mallory carbon control for that radio you're 
designing, you won't get complaints about the loudspeaker rattling or 
thumping-about the control itself developing "scratch-itis." Mallory 
carbon controls are practically noise -proof. Careful selection of mate- 
rials and a unique technique of processing resistance elements take 
care of that. 

Noiseless operation is just one reason-but far from the only one-why 
you expect more and get more from Mallory carbon controls. Check the 
list of features tabulated below. Then-contact our district sales office 
or write us direct. Special engineering help, of course, is available, too. 

... Only Mallory Carbon Controls Offer All These Features ... 
Low "Hop -Off" Resistance . . . Minimum Short -Out Resistance .. . 
Smooth -Operating Silver Alloy Contactor ... High Humidity Resistance 

. Low Noise Level ... Extremely Accurate Taper Construction... 
Non -Distorting, Non -Loosening Assembly Construction ... Spring Pres- 
sure Terminals, Smooth Bearing Surfaces, Mallory Spring Alloy Con- 
tact Arms, Self -Lubricating Elements-all contributing to longer life. 

MALLORY 
P. R. MALLORY 8 GO..Inc. 

RESISTORS 
(FIXED AND VARIABLE) 

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

ELECTRONICS -- k'errA, 7947 137 

www.americanradiohistory.com

www.americanradiohistory.com


TUBES AT WORK 
Edited by VIN ZELUFF 

Microwave Communications System 
Magnetic Sound for Amateur 
Soldering Litz Ends 

138 

Movies 140 

158 

Square Loop F -M Antenna 
Metallized Capacitor Data 

Microwave Communications System 

THE RAYTHEON microwave com- 
munications system (ELECTRONICS, 
Oct. 1946, p 146) is composed of 
point-to-point radio relay equip- 
ment operating in the 2,450 -2,700 - 
mc or 3,700 -4,200 -mc region. 

An intelligence band from 30 cy- 
cles to 30 kc is transmitted. This 
band can be channelized in any de- 
sired manner for the simultaneous 
transmission of telephone, tele- 
graph, teleprinter, and other types 
of information. 

The transmission system utilizes 

166 

174 

coming signal from the antenna is 
mixed with a local oscillator to pro- 
vide 30 -mc i -f excitation. The i -f 
amplifier is followed by a conven- 
tional a -m detector. At this point 
the received signal is simply a fre- 
quency -modulated square wave. The 
output of the detector is transmit- 
ted through a bandpass filter to 
eliminate extraneous noise. The f -m 
square wave is then limited and fre- 
quency -detected in a low -distortion 
discriminator circuit. 

As in all f -m systems, two signal 

ANT IN21B 
INPUT MIXER 
JI 

DET. OUTPUT 

30 -MC If CHECK 
J9 

6AK5's 6A 5 

JB 
BIAS 

CHECK 

6SL7 6AC7 6SL7 

AMP DISCRIM AMP 

AFC 

6AC7 6H6 

LIMITER AMP LIMITER AMP 

DEMODULATOR INPUT 

J 0 J JREC OR TRANS MONITOR) 

TUNING 
METER 

J6 
D -C TEST 

JACK 

6SN7 

DISCRIM AMP 

JII 
RECEIVER 
OUTPUT TO 
TRANSMITTER 
FOR RELAY 
OPERATION 

30 KC 
AUDIO 

FILTERN-OUTPUT 

Block diagram of the microwave receiver. A klystron oscillator feeds a crystal mixer 
for conversion 

the Fraim method of modulation, 
in which the aggregate intelligence 
frequency -modulates a 240-kc sub - 
carrier. The peak frequency swing 
extends from 180 to 300 kc. The 
subcarrier excitation, which has a 
square waveform, operates a keyer 
tube which alternately interrupts a 
magnetron anode supply at the sub - 
carrier rate. The radiated wave 
therefore consists of 4,000 -mc osciI- 
lations which are keyed on and off 
at a rate which varies between 180 
and 300 kc. 

The front end of the receiver em- 
ploys a conventional superhetero- 
dyne arrangement in which the in - 

level requirements must be met for 
satisfactory operation: the carrier - 
to -noise level in the bandpass filter 
before the subcarrier limiters must 
exceed six db under all conditions 
of circuit fading, and adequate sig- 
nal-to-noise level must be provided 
in the intelligence channel for the 
particular type of information 
transmitted. 

Tests demonstrate that the trans- 
mitted power is sufficient to allow 
for 40 db of fading before the sig- 
nal drops below the noise threshold. 
This eliminates the necessity for 
diversity reception in the majority 
of installations. 

Antenna System 

For economical as well as tech- 
nical considerations, Raytheon 
recommends that two-way repeater 
station antennas be mounted on 
two poles joined by a wooden cross - 
arm and adequately guyed. One 
transmitting and one receiving an- 
tenna are mounted on each pole, as 
nearly back-to-back as possible. 
Transmitting antennas should have 
like polarization and be diametri- 
cally spaced. Receiving antennas 
should have like polarization but 
differing by 90 degrees from that of 
the transmitting antennas. All r -f 
equipment, except the transmission 
line and antenna, is on the ground. 

Three basic types of antennas are 
used: a two -foot solid parabolic 
dish with dipole feed, a 3 x 3 -foot 
screen section of a parabolic dish 
with horn -type feed, and a 46 -inch 
circular section of a parabolic dish 
with cavity dipole feed. The approx- 
imate gains are respectively 25, 28 
and 32 db. The appropriate antenna 

6SN7 6SN7 6SJ7 6SL7 6AC7 6SL7 6SJ7 6AG7 
AUDIO MONITOR 
IN PU ® ® ° OUTPUT 

AUDIO 240KC AMP LIMITER AMP LIMITER AMP AMP 
ZERO VU 
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Jon +250V +320V +150 JI KEYER 
OUTPUT 

MOD 
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LIMITER a._, LIMITER 
INPUT V- 0 2 

I 

MODULATOR UNIT 

- COAX 

115V 60% 
RF OUTPUT 

n OK-II7 807 

Iii) 411h 
OSCILLATOR 

RECTIFIER 

115V 60",1616 

VR -I50 

5U4G 
RECTIFIER 

JI 

KEYER 

KEYER OSCILLATOR UNIT 

-1400V 
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J 

Block diagram of the microwave transmitter. Tacks permit operation as repeater or 
terminal equipment and allow monitoring of circuits 

-9 

'L 
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HUNDREDS OF CONTRO 

PROBLEMS SOLVED WIT 

STEP'. G RELAYS 

Design engineers are discovering new, efficient, Honey -saving applica- 
tions daily for Guardian basic -type Stepping Relays. Typical applications 
include Automatic Sequence selection of circuits; Automatic Sequence 
cross connection of circuits; circuit control of Automatic Business 
Machines; control of Production Totalizing and Conveyor equipment; 
remote selection of records on Coin Operated Phonographs; Automatic 
Circuit Selection controlled from a pulsing dial; Automatic Wave Changing 
on short wave transmitters. This Guardian Stepping Relay is furnished for 
three basic types of A.C. and D.C. operation: Continuous Rotation-Electri- 
cal Reset-Add and Subtract. On each of these types the contact finger 
rotates in a counter -clockwise direction and all three types are designed 
to follow 10 pulses per second within the rated voltage range of the relay. 
Special construction prohibits skipping or improper ndexing of the ratchet. 
Guardian Steppers may be furnished as separate units; in combination 
with relays, contact switches, solenoids, etc., completely assembled and 
wired to terminals; mounted on special bases or in enclosures. Any 
standard Guardian Stepping Relay can be modified to meet practically 
oll "special" stepper control applications where quantities warrant 
special designing. For complete details write for Bulletin SR. 

GUARDIAN ELECTRIC 
1625-C W. WALNUT STREET CHICAGO 12, ILLINOIS 

A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 

1 

GUARDIAN SERIES R 

1 Continuous Rotation 
In this type the contact finger advances one 
step each time the circuit is made and 
broken. Weight approximately 201/2 ozs. 

2 Electrical Reset 
Resets when a second coil is energized. 
Weight approximately 23 ounces. 

3 Add and Subtract 
Steps back one or more contacts at a time 
instead of resetting completely. Weight ap- 
proximately 28V2 ounces. 

TYPICAL GUARDIAN UNITS 
AVAILABLE IN COMBINATION 
WITH GUARDIAN STEPPERS 

Series 100 

Snap -Action Relay 

Series 500 
Midget Relay 

d Guardian 
Featherub Switch 

Series 1-A Solenoid 
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should be chosen for the path cir- 
cuit conditions, such as distance of 
transmission and type of interven- 
ing terrain. Waveguide feeds have 
been found more practical than di- 
pole assemblies because of the more 
stable operation under all weather 
conditions and the ease of initial 
adjustment. 

Transmitter 

The circuit of a 50 -watt micro- 
wave transmitter is shown in the 
accompanying diagram. Tube V-2 
is a multivibrator whose frequency 
is directly controllable by varying 
its bias. In an unmodulated condi- 
tion the frequency of this subcar- 
rier oscillator is 240 kc. Under mod- 
ulating conditions, the variation of 
the audio signal causes the relaxa- 
tion oscillator to shift in frequency 
from a minimum value of approxi- 
mately 180 kc to a maximum value 
of approximately 300 kc. Tube V-3 
is a conventional buffer amplifier. 

The portion of the circuit so far 
described represents a complete f -m 
system, utilizing a 240-kc carrier. 
This carrier could be transmitted 
over an open -wire line, a coaxial 
cable, or, as in this instance, over 
an additional microwave carrier. 
Since any concomitant amplitude 

modulation is undesirable in an f -m 
system and may add noise in the 
transmitting end unless removed by 
limiting, tubes V-4, V-5, V-6, V-7, 
and V-8 are provided to accomplish 
this function by allowing the signal 
to swing their grids from cutoff to 
plate saturation. The 807 tube per- 
forms the switching function; it 
keys the oscillator QK-117 (4J65) 
on and off at the subcarrier rate by 
interrupting the anode supply volt- 
age from the 1616 rectifiers. 

In the receiver portion of the sys- 
tem, the incoming signal from the 
antenna is combined with output 
from a QK-157 klystron oscillator 
in a crystal mixer to 'provide the 
60 -mc signal. Tubes V-2, V-3, V-4, 
V-5, and V-6 amplify this i -f signal 
before a -m detection in tube V-7. 
Tubes V-8, V-9, and V-10 function- 
ally combine to frequency -control 
the local oscillator .automatically. 
The detected signal from tube V-7 
is transmitted through an 80-400- 
kc bandpass filter. Tubes V-12, V- 
13, V-14, and V-15 amplitude -limit 
the subcarrier before it is con- 
verted into amplitude modulation 
by the f -m to a -m discriminator 
tube V-16. Tube V-17 is an ordinary 
audio amplifier which is followed by 
a 30-kc low-pass filter. 

Magnetic Sound for Amateur Movies 

A SIMPLE system for putting a 
sound track on movie film either in 
manufacture or after the reel has 

been exposed and developed has 
been announced by Armour Re- 
search Foundation. This has been 

Essential stages of the magnetic sound system for home movie film 

made possible by development of a 
magnetic material for coating the 
film that has a high coercive force. 

The new material has a fine grain 
size of a micron or less. It is not 
affected by photographic solutions, 
so that magnetic sound can be re- 
corded simultaneously with the pic- 
ture, or can be put on afterwards. 
The magnetic track is put en the 
film by coating a track 0.045 inch 
wide and 0.0005 inch thick on the 
edge of ordinary sixteen -millimeter 
film. This runs through the pro- 
jector at the standard sound speed 
of 36 feet per minute. 

`;SPROCKET HOLES 

I FRAME 

-MAGNETIC COATING 

h-0.045 INCH 

L 
EMULSION 

.a 

'FILM 

The magnetic coating can be applied to 
one edge of 18 -mm film and the opposite 
edge left blank, coated with nonmagnetic, 
material, or used as a second sound track 
for more intimate remarks to a select group 

Although the coating makes the 
film thicker on one edge than the 
other, no difficulty has been experi- 
enced in reeling. To insure sym- 
metry, the opposite edge could be 
coated with an equal thickness of 
blank material, or an additional 
track could be put on that edge. The 
extra track could be used for a bin- 
aural system or for special sound 
effects. 

Instead of placing a track on the 
outside of the film, 16 -mm sound 
film can be used with the track on 
the unsprocketed side to allow a 
wider track and increased fidelity. 

The magnetic head used to play 
back the sound is spring -pressed 
against the film while it rides on a 
flywheel stabilizer. Such a head is 
easily mounted on conventional pro- 
jectors and can be connected to an 
a -f amplifier. By switching circuits 
the same head can be used for eras- 
ing, recording, or playback. 

As shown in the block diagram 
(continued on p 158) 
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Send for this helpful Data Book on tubes by 
Li concise, tabular form, this new book gives the 
essential data on 166 codes of electron tubes designed 
by Bell Laboratories and made by Western Electric. 
Planned to help the circuit designer quickly find 
the tube best suited to his needs, it contains technical 
characteristics, ratings, dimensions and 89 basing 
diagrams-all arranged for quick, easy reference. 
Send the coupon for your copy today! 

QUALITY COUNTS 

Western Electric 
E-3 

Craybar Electric Co., 
420 Lexington Ave., New York 17, N. Y. 

Please send me the General Bulletin on Western 
Electric electron tubes. 

Name 

Address 

City State 
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INDUSTRIAL CONTROL 
Edited by VIN ZELUFF 

Telemetering In Stratosphere 142 

Electrostatic Flocking 142 

Fluorescent Lamp Delay Timer 184 

First Factory F -M Radiophone 188 

Ultrasonics, A New Tool 190 

Telemetering In Stratosphere 

TESTS of V-2 rockets fired at the 
U. S. Army Ordnance Proving 
Ground. White Sands, N. M., now 
supply 28 items of information to 
the ground observers every 1/35th 
of a second. This job is done by 10 
electronic tubes in the rocket war- 
head, powered by a 28-v battery. 

The General Electric system is 

mechanically commutated. Each of 
a number of quantities of interest 
is converted to a voltage between 
zero and plus five volts and then is 
connected to one segment of a sta- 
tionary commutator. Twenty-eight 
such channels are provided and a 
rotating brush samples each of 
these 35 times per second. The volt - 

Gyro steering control and telemetering of 28 instruments in flight is done with G -E 

equipment in tests of the V-2 rockets. The gantry crane shown above has expedited 
preparation and assembly of the electronic control gear in the missile 

ages are converted to pulse -width - 
modulation of a five -watt trans- 
mitter. 

At the receiving station, each in- 
coming signal forms a line on a 
c -r tube whose length is propor- 
tional to the quantity being meas- 
ured. 

Electrostatic Flocking 
ELECTROSTATIC coating or flocking 
of fibers to form a pile fabric is a 
new industrial technique using high 
potentials like those encountered in 
painting, detearing, and depositing 
of sand particles for sandpaper. 

In the electrostatic method of 
making pile fabrics, the backing 
material is coated with an adhesive 
and fed between a pair of elec- 
trodes so that the adhesive faces 
downward. Evenly cut fibers of 
wool, cotton, rayon, and the like 
are fed continuously on a moving 
belt that travels parallel to the 
backing material. When the fibers 
are caught in the electric field they 
are whisked up to the adhesive 
coating and embedded. Because the 
fibers all have the same polarity, 
they repel one another uniformly 
and space themselves out at equal 
distances apart. The potential re- 
quired from the high -voltage power 
supply varies from 50,000 to 100,- 
000 volts. 

BACKING 
MATERIAL_. 

,1111111 - 
4 I 

ADHESIVE= I 
1 1 1 1 1 1 `i"`i`.s-d3pa2eezl.o9 

1 1 1 1 1 

i 1 

FIBERS2/1 1 1 i I 

POSITIVE ELECTRODE 
z A 

E/////////////íj 
NEGATIVE ELECTRODE 

Arrangement of electrodes for electrostatic 
deposition of fibers to form a pile fabric 

To obtain good flocking of high 
density and uniform appearance, 
the textile fibers must be cut to 
uniform lengths. This is more eco- 
nomical than subsequently shearing 
nonuniform flocked fibers to obtain 
a level pile surface. Fiber cutting 
machines have been developed that 
give highly uniform cut lengths, 
and as a consequence electrostati- 
cally flocked materials require no 
shearing or singeing operations. 

The first commercial use of elec- 
trostatic flocking of textiles was in 
the decoration of dress goods, by 

(continued on p 184) 
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r Nil Ili lie _11.»It.r::: :...s -at mt.,. 

When a little 
means a lot 

L__________ MI Mg ]_7rr our _ MI MN t1rl1111r11.r71__ 
1 

1 

Whenever and wherever space is at a premium ... 1 

in shavers, hearing aids, pocket radios, guided: 
missiles and other radio, electrical or electrpnic 

devices ... you can use one or more of tlse four 
miniature products 1RC makes -by- e -million. 

For complete information, inclu ng dimensions, 
ratings, materials, constructiLn, tolerances, write 

for comprehensive ca4log bulletins., stating 
products in which you are interested. 

1 

1 

1 

1 

1 

1 

I 
1 

L 

u 
s 
T 

R 

A 

o 

s 

A 

T 

u 
A 

MPM Resistor 

t/ watt for UHF. Resistance film permanently 
bonded to solid ceramic rod. Length 
only 946". Diameter !is". Available 
resistance values 30 ohms to 1.0 megohms. 

YPE H Fingertip Control 

Composition volume or tone control. 
Its '"s." diameter and 1..2" overall 
depth include knob and bushing. E 

I 
R C 

i 

1 

watt-insulated composition. Length 
only 7sl". Diameter 3á2". Resistance 
range 470 ohms to 22 megohms 
(higher on special orders). 

TYPE SH Fingertip Switch 

Similar to TYPE H Control (left) in appearance. 
l'IF." diameter. OFF and 3 operating positions. 

INTERNATIONAL E I ANCE COMPANY 
401 N. BROAD STREET HI -ADE PHIA 8, PENNSYLVANIA 

IN CANADA: INT 'RNATIONA_ ESISTAN ZE COMPANY, LTD TORONTO, LICENSEE 

Copyright, 1447, International Resistance Company 
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THE ELECTRON ART 
Edited by FRANK ROCKETT 

Proton Microscope 144 
Noise in Gas Tubes 144 
Negative Impedance 198 
Shielding Filters for Insertion Loss Measurement 198 
Noise Suppression Circuit 202 
Experimental UHF Equipment 204 
Self Balancing Phase Inverter 212 

Proton Microscope 

A PROPOSED electrostatic microscope 
would make use of protons instead 
of electrons, because neither mass 
nor charge of the beam corpuscles 
enter the equation for image forma- 
tion. For the same accelerating 
potential, the limit of useful magni- 
fication for the proton microscope 
is forty times that of the electron 
microscope, because of the smaller 
diffraction pattern of the former. 
Penetrating power of protons is 
less than electrons, so such a 

microscope would be limited to use 
with extremely thin samples or for 
reflecting targets. Details sepa- 
rated by 3A should be resolvable. A 
direct magnification of 20,000 could 

be expected, which could be in- 
creased to 600,000 by photographic 
enlargement (Comp. Rend., p 770 
May 1945). 

Noise in Gas Tubes 
BY J. D. COSINE AND C. J. GALLAGHER 

Radio lleocarch Laboratory 
Jf r, r,l Unireroity 
Cambridge, 1l ass. 

(Authors uow at Research Laboratory, 
General Electric Co., Schenectady, N. Y.) 

NOISE FOR visual presentation of 
filter frequency response and for re- 
verberation can be obtained from 
gas tubes. High level, wideband 
noise sources, developed during the 

Coaxial Cable Television Network Facilities 

SEAT TLE 
q 

PORTLAN 

MARYSVILLE 

SACRAMENTO 

SAN FRANCISCO 

\\ LOS ANGELES Q 
PHOENIX 

STEVENS 
MINNEAPOLIS 

MILWAUKEE 

INDIANAPOLIS 

DENVER ` I / `OCISVILL TI 
KANSAS ` -`,(4/ aLOUISVILLE 

`ST. LOUIS 

OKLAHOMA MEMPHIS ATLANTA 
CITY Q LITTLE°. 

ROCK 
DALLAS 

BUFFALO 

EL PASO 

COAXIAL CABLE NOW UNDER 
CONSTRUCTION OR BEING 
INSTALLED -- COAXIAL CABLE PLANNED 
FOR NEXT FEW YEARS 

DES MOINES CHICAGO CLEVELAND 
OMAHA c PITTSBURGH 

0. .. - \\TERRE HAUTE .C` DAYTON 

SHREVEPORT JACKSON 

SAN & 
ANTONIO Ì \O ANEW ORLEANS 

d HOUSTON 
TAMPA 

A 

BOSTON 

NEW YORK 

PHILADELPHIA 

WASHINGTON 

RICHMOND 

CHARLOTTE 

AUGUSTA 

JACKSONVILLE 

WEST PALM BEACH 

MIAMI 

In addition to the New York to Washington coaxial cable in use since August by 
East Coast television broadcasters and available on an experimental basis in both 
directions. A T & T is installing cable facilities as shown on the map. Nationwide 
television network facilities will ultimately be provided by special repeaters on the 
coaxial lines, and by radio relay now undergoing trial operation between New 

York and Boston 

war for use in radar jammers, pro- 
vide greater output than previ- 
ously obtained. 

Characteristics of Gas Tubes 

Gas tubes have always had a rep- 
utation of being noisy, although the 
character of the noise has not been 
clearly defined. Recent investiga- 
tions have shown that the noise 
generated in hot cathode arcs con- 
sists of oscillations of several hun- 
dred kilocycles superimposed on a 
background of random noise. The 
random noise contains a continu- 
ous band for frequencies extending 
from the very low audio range to 
five megacycles. A suitably placed 
magnetic field greatly increased the 
noise level and eliminated the os- 
cillations. 

The spectrum obtained from a 
typical gas tube without magnetic 
field is shown in Fig. 1A for two 
discharge currents. The noise level 
is expressed in db above 10 µv/ 
(kc)" because, if the bandwidth of 
the spectrum analyzer is sufficiently 
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FIG. 1-Noise characteristics of 884 for 
various operating conditions 
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YOU GET QUALITY PLUS ENGINEERING SERVICE WITH G -E PERMANENT MAGNETS 

r. 

C. 

\ THE MAGNET 
, ¡ WITH A VOICE 

General Electric's precise quality control methods used 
throughout magnet production, plus accurate testing and 
rigid inspection assure you of receiving magnets of the 
highest uniform quality for your application. 

Greater flexibility of magnet design is possible with the 
many G -E permanent magnet materials now available. 
The large group of sintered and cast ALNICO alloys has 
been augmented by the lightweight, non-metallic mixture, 
VECTOLITE, and by the ductile permanent magnets, 
CUNICO, CUNIFE and SILMANAL. From such a wide 
choice of materials, you may now find a magnet better 
suited for your application or a material which will make 
possible new designs heretofore impractical or impossible. 

General Electric engineers, backed by research and 
application experience, have acquired years of "know-how" 
in selecting the best permanent magnet material and 
properly designing magnets for thousands of products. 
These engineers are at your service. Metallurgy Division, 
Chemical Dept., General Electric Co., Pittsfield, Mass. 

PERMANENT 
MAGNETS 

GENERAL 0 ELECTRIC 

A voice coil wound on an 
aluminum base moving in 
the field of an ALNICO 5 
permanent magnet-that's 
the heart of the modern G -E 
loudspeaker. Current pass- 
ing through the coil in the 
magnetic field causes the 
coil and attached cone to 
vibrate in proportion to the 
applied alternating voltage, 
thus producing sound waves. 
ALNICO 5 offers maximum 
energy with reduced size and 
weight, minimum losses and 
increase of sensitivity and 
power. 

SEND FOR NEW BULLETINS 
ON G -E PERMANENT MAGNETS 

We shall be glad to send you upon request 
our new bulletins, CDM-1, "Permanent Magnets," 
and CDM-2, "Cast and Sintered Alnico, Catalog 
Supplement," both specifically designed to help 
you with your permanent magnet problems. 

CDM-1 contains information about the charac- 
teristics and properties of G -E permanent mag- 
net materials, their application and design. 
Listed in the catalog supplement, CDM-2, ore 
sintered and cast Alnico permanent magnets 
available from stock. Proposed R.M.A. standard 
speaker magnets are included. 

For your copies, please fill out the coupon 
below. 

METALLURGY DIVISION 
SECTION FA -3 
CHEMICAL DEPARTMENT 
GENERAL ELECTRIC COMPANY 
PITTSFIELD, MASS, 

Please send me your new bulletins, 
CDM-1 and CDM-2, on G -E Permanent Magnets. 

NAME 

TITLE 

COMPANY 

ADDRESS 

LCITY _STATE 
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small, the random noise voltage va- 
ries as the square root of the band- 
width. 

The two peaks in the curve of 
Fig. lA for the higher current rep- 
resent two distinct oscillations 
that are not harmonically related. 
The lower frequency peak is due 
to plasma ion oscillations; the 
higher frequency peak is caused by 
oscillations of positive ions in the 
potential minimum at the cathode. 
A summary of the characteristics 
of a number of hot cathode dis- 
charge tubes is presented in Table 
I. This table gives the frequency 
and amplitude of the lowest fre- 
quency oscillation, as well as the 
noise level at three Selected fre- 
quencies. The values are average, 
there being considerable variation 
from tube to tube. The last column 
gives the total rms noise voltage 
obtained by integrating the spec- 
trum from zero to four megacycles. 
For comparison, the level of shot 
noise of a diode for two different 
currents and with a 3,000 ohm load 
resistance is presented. The shot 
noise is much lower than that ob- 
tained from the gas tubes. 

Effect of Magnetic Field 

If a transverse magnetic field is 
applied across the discharge and 
the field strength gradually in- 
creased, the spectrum of noise un- 
dergoes marked changes. Figure 
1B shows the change observed in 
an 884. For this particular tube the 
amplitude of the low frequency os- 
cillation at 400 kc increased slightly 
for low magnetic field strengths and 
then disappeared with no change 
in frequency as the field was further 
increased. 

The cathode oscillation is differ- 
ently affected by the magnetic field. 
The frequency of the peak noise in- 
creases with increasing magnetic 
field, and the spectrum in the vicin- 
ity of the peak broadens so that 
eventually a distinct oscillation is 
no longer observed. The noise at 
50 kc and 5 me go through a mini- 
mum at 210 gauss and then increase. 
The ultimate level of the 5 me 
noise is about 12 db higher than the 
zero field level. 

It is interesting to note that there 
is an optimum value of magnetic 
field for which the total variational 
voltage is a minimum, as shown in 

Table I-Noise Characteristics of Gas Tubes 

Tube Current 
( maIt O,cill,ition 

Noise Level 

\ f t ; 
NIS 

4 me 

decibelsa 

(kc) (db)a 50 kc 1 me 5 me 

Shot ( 150 -11 -14 ,-14 0.00133 
Noiseb. 10 -26 -26 -26 0.00034 

180 76 884 40 66 70 35 0.91 
3 440 76 24 22 -8 

0.06 2A4G 100 450 52 50 24 -5 
WL629 40 210 85° 44 58 -- 

-4 WE256A 75 120 51 38 40 0.4 
RK62 1.5 650d 34 1 -10 

60 2050.. f 90 150 84 51 14 
l 3 90 78 36 14 -10 

6Q5G 40 550 73 45 50 17 - 
FG178A 125 100 78 38 - -- 

80° 18 2D21 41 85 91 54 
816 125 170 67 60e 37 9 

a Zero level is 10 pv/ kc) 1/2 

b Temperature limited diode with 3,000 ohm plate resistor. 
e Second harmonic amplitude is 90 db. 
d Probably another nonharmonic peak below 100 kc. 
e Approximate. 

Table II-Noise with Transverse Magnetic Field 

Tube Current 

(ma) 

Flux 
Density 
(Gauss) 

Noise Level 

(peak 
volts) 

decibels. 

100 kc 1 me 5 me 

6D4... 5 375 8.2 63 76 38 
(2C4) 5 720 66 76 43 

20 375 70 77 53 
5.6 884 45 1,050 56 62 48 

2A4G 100 2,000 8 3 60 60 40 
WL629 40 2,500 4.-1 71 69 43 
WE256A 75 2,000 6.5 58 33 
RK62 7 620 60 57 42 
6Q5G 40 9,500 5.5 63 37 
WE323A 100 1,800 62 44 8 
2050 75 500 71 47 13 

9.9 FG178A 200 960 82 70 43 
2D21. f 41 1,200 5 72 70 47 

30 700 5 70 64 46 
GL546 13 740 68 70 48 

a Zero level is 10 µv/(kc)1/2 
b See Fig. 2B. 
e Standard RRL Noise Unit, Maximum is 80 db at 700 kc. 
d Oscillations not suppressed. 
e Anode to cathode noise. 
f Grid to anode noise. 

1° 

li 

B 
A 
A 
B 
Cd 
Cd 
A 

d 

A 

Fig. 1C. This optimum value of 
field is dependent on the current 
as is the minimum value of the 
peak -to -peak voltage, as shown in 
Fig. 1D. Because of variations be- 
tween tubes, the exact value of the 
optimum field must be found ex- 
perimentally for any given tube. 
This property of reducing the vari- 
ational voltage has been very useful 
in control circuits where other 
tubes are subjected to undesirable 
random triggering under the influ- 
ence of a conducting gas tube. 

The general shape of the spec- 
trum obtained from a gas tube de- 
pends on the type of tube. Figure 
2A shows spectra of several types 
of tubes with magnetic fields. The 
noise levels are compared with the 
noise levels from a 931A electron 
multiplier phototube and a temper- 
ature -limited diode. 

Shape of the spectrum is deter- 
mined by tube geometry. Three 
general types of structure are found 
in commercial tubes as shown in 

(Continued on p 196) 
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elafitex .WnA MeAcnic4 awd aZe,emic4 
The new Hyflux magnetic tape has changed sound recording from a mechanical operation 

to a combined electronic and magnetic circuit with mechanical driving mechanism to attain 
unexcelled reproductive quality. The elimination of mechanical noise inherent in previously 

used sound recording techniques is a major factor in the utility and flexibility of this new 

medium. Permanent magnets have been useful for many years in the field of sound in 
transforming mechanical energy into electrical energy, but the introduction of Hyflux, which is 

a finely divided magnetic material, establishes a new transformation-that of 
electrical -to -magnetic -to -electrical energy. The result is a high-fidelity, noise -free, continuous 
recording adaptable to a wide field of application. Features of instantaneous and repetitious 

erasure, visual and audio editing, as well as permanency attributable to the high 
coercive force of the magnetic material, and durability due to the choice of paper used 

combine to offer the development engineer one of the most versatile tools which 
he has encountered for many years. Our engineers, experienced through 

several years' development work on Hyflux Magnetic Tape, will be glad to consult 
with you on any technical applications which you consider feasible. Write today for 

our engineering bulletin EBT 101. A few of the uses for which Hyflux is 

currently being tested and which indicate favorable reactions are: 1. Recording of 
audio signals or pulses of any duration or wave shape. 2. Seismograph 

investigation. 3. Memory record for electronic calculating machines. 4. Retention 
of telegraphic signals. 5. Multiple single -tone reproduction as used in electric 
organs. 6. Radio transcriptions for Broadcast Studios. 7. Sound on film. 

8. Control signals for industrial machines and safety devices. 
9. Continuous advertising or announcing equipment. 10. Home and 

amateur recording. 1 1. Business office and conference use. 

* THE INDIANA STEEL PRODUCTS COMPANY 
PRODUCERS OF "PACKAGED ENERGY" 

6 NORTH MICHIGAN AVENUE * CHICAGO 2, ILL. /IM 

IN PERMANENT MAGNETS SINCE 1910 
VlJ 

PLANTS 
VALPARAISO, INDIANA 
STAMFORD, CONN. (CINAUDAGRAPW DIV.) 

LISPECIALISTS L ©1947 The Indiana Steel Products Co. 
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NEW PRODUCTS 
Edited by A. A. McKENZIE 

New equipment, components, packaged units, 
allied products; new tubes. Catalogs and manu- 
facturers' publications reviewed. 

Engineers' F -M Receiver (1) 
RADIO ENGINEERING LABORATORIES, 
35-54 Thirty -Sixth St., Long Island 
City 1, N. Y. A new dual -band f -m 
receiver covering the frequencies 

42-50 and 88-108 megacycles has 
just been released for use by engi- 
neers, broadcast stations, and oth- 
ers requiring a stable, high-fidelity 
means of monitoring or checking 
performance of f -m transmitters. 
Model 646 is the standard version, 
but modifications are available for 
rack mounting, use with a school 
public address system, and in cars 
making surveys or field measure- 
ments. The receiver has three i -f 
stages, two limiters and 10 watts of 
audio output. High sensitivity and 
low audio distortion are featured. 

Ultrasonic Tester (2) 

GENERAL ELECTRIC CO., Schenec- 
tady, N. Y. A new materials tester 
indicates the presence of voids, 
cracks, porosity and other internal 
flaws in metals, plastics, and ce- 
ramics by means of ultrasonic 
waves sent through the specimen 
under test. The instrument consists 
of a complete wide -band ultrasonic 
transmitting -receiving system hav- 
ing a high -frequency generator, a 
crystal transducer to produce ultra- 
sonic vibrations, and a second trans- 
ducer to convert received mechani- 

cal energy into electrical signals. 
Internal flaws produce measurable 
decreases in total transmission as 
indicated by a meter. 

Tape Sound Recorder (3) 

INDIANA STEEL PRODUCTS CO., Val- 
paraiso, Ind. The portable recorder 
illustrated includes recording and 
playback facilities, is completely 
selfcontained, and weighs about 30 

pounds. The recording medium is a 
new magnetic tape, called Hyflux, 
consisting of particles of a material 
that approaches Alnico in magnetic 
properties. This material is firmly 
affixed to a paper tape. 

Television Rectifier (4) 

CHATHAM ELECTRONICS, 475 Wash- 
ington St., Newark 2, N. J. The type 
1Y2 is a high -voltage rectifier de- 

signed for anode supply on direct 
view or projection type television 
tubes. Peak inverse voltage rating 
is 50 kv. Filament voltage is not 
critical and can fluctuate between 
1.0 and 1.65 volts. Filament is am- 
ply rugged for 60 -cycle operation 
and requires low filament power, 
making it equally adaptable to an 
r -f filament supply. Interelectrode 
capacitance and absence of back 
emission prevent undue loading of 
the oscillatory circuit in r -f appli- 
cations. Two tubes deliver 50 kv d -c 
in a voltage doubler circuit or 25 kv 
d -c singly. 

Receiver Frequency 
Standard (5) 

THE HAMMARLUND MFG. CO., Inc., 
460 West 34th St., New York 1, 
N. Y. Designed particularly to aid 
radio amateurs to conform to legal 
requirements by maintaining an ac- 
curate method of measuring trans - 
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TIME 
HIGH FREQUENCY VISALGEN 

1. Frequency range from 100 kc to 20 mc. Harmonics 

useful to 120 mc. 

2. Linear frequency sweep deviation adjustable from 0 to 

900 kc peak to peak. 

3. Vernier frequency control of 100 kc allows zero beat 
calibration of main tuning dial or for vernier frequency 

adjustment about main dial frequency setting. 

4. Output Impedance 1 ohm to 2,500 ohms. 

5. Voltage regulated supply for internal oscillator stability. 

LOW FREQUENCY VISALGEN 

1. Frequency range from 20 kc to 500 kc. 

2. Linear frequency sweep deviation adjustable from 0 to 

70 kc peak to peak. 

3. Low pass filter in the output to minimize spurious output 

frequencies. 

4. Output impedance constant 200 ohms. 

5. Output attenuation: 5 -step ladder type - 20 db 
per step. 

OSCILLOSCOPE 

1. New simplified circuit for use with either model Visalgen. 

2. Simplified for visual alignment work. 

3. Compact design - light weight. 

4. Immediately available. Also available with either model 

Visalgen and oscilloscope in one cabinet. 

HARVEY 
OF CAMBRIDGE 

male 

MODEL 205TS 

MODEL 204TS 

MODEL 188TS 

HARVEY RADIO LABORATORIES, INC. 
439 CONCORD AVENUE CAMBRIDGE 38, MASSACHUSETTS 

ELECTRONICS - March, 19'2 149 

www.americanradiohistory.com

www.americanradiohistory.com


mitter frequency, the FS -135-C sup- 
plies 100-kc markers throughout 
the tuning range of a communica- 
tions receiver. The tiny unit con- 
sists of an ingenious circuit and 
special silver-plated spring -sus- 
pended 100-kc crystal. A slight va- 
riation of tuning is provided so 
that the circuit can be set to zero 
beat with signals from WWV. 

Tweeter and Network (6) 

ATLAS SOUND CORP., 1447 39th St., 
Brooklyn 18, N. Y. The model HF -1 
tweeter is flat within plus or minus 
6 db from 1,200 to 14,000 cycles 
with the frequency -dividing net- 
work furnished. A separate woofer 

extends the range down to 50 cycles. 
The speaker handles 20 watts of 
speech or music and has a hori- 
zontal distribution of 80 degrees 
and vertical coverage of 40 degrees. 

F -M Adapter (7) 

STROMBERG-CARLSON CO., Rochester 
3, N. Y. The Driscoll f -m adapter 
is a simple device, listing for $6.35, 
that has been designed for use on 
all prewar Stromberg -Carlson f -m 
receivers to adapt them for recep- 
tion of signals in the new band. At 
present, the equipment is available 
only through distributors who make 
a nominal installation charge, and 
in some cases, modify the receiver 
slightly. 

vest -Pocket Earphone (8) 
THE BRUSH DEVELOPMENT CO., 3405 
Perkins Ave., Cleveland 14, Ohio. 
The model BA -201 insert -type ear- 

phone is manufactured for use with 
personal vest-pocket radio receivers. 
It is small (118 inch diameter and 

inch thick) and light in weight 
(1 ounce). Using a light -weight 
Bimorph crystal element, normal 
loudness results when the receiver 
is driven with only 1 volt and a 
power of 10 microwatts. Owing to 
its rugged construction, a maxi- 
mum of 50 volts may be applied 
without damage to the earphone. 
Its impedance is 120,000 ohms at 
1,000 cycles so that no output trans- 
former or choke is required to 
match to the plate circuit of the 
output tube. 

Instrument Testing (9) 
Supplies 
ARTHUR E. BOOTH COMPANY, 210 
West Seventh Street, Los Angeles 
14, Calif. New packaged power sup- 

ply units available in light -weight 
portable or bench models provide 
a source of a -c and d -c power 
smoothly adjustable from zero to 
maximum output range. Both the 
a -c and d -c output circuits are com- 

pletely flexible as to connections for 
convenient routine testing and 
checking the calibration of a wide 
variety of instruments and relays. 
The present line supplies a full 
range of alternating and direct cur- 
rents up to 10 amperes, and a -c and 
d -c potentials up to 750 volts. 

Electron -Ray Indicator (10) 

GENERAL ELECTRIC Co., Syracuse, 
N. Y. The type 6AL7-GT tube is a 
visual tuning aid for radio receiv- 
ers. Patterns appear on a fluores- 

cent screen at the end of the 
their shape depending upon the type 
of circuit used and its adjustment. 
Deviation from a proper tuning con- 
dition can be indicated to the extent 
of showing on which side of reso- 
nance the misalignment occurs. 

tube, 

Rotary Switch (11) 

GRAYHILL, 1 North Pulaski Road, 
Chicago 24, Ill. The new Series 5000 
miniature switch is ii inch in diam- 
eter, 13/32 inch deep, and has a 
contact pressure of 2i pounds. It 

can be used in circuits passing up 
to 5 amperes, breaking up to 1 am- 
pere at 110 volts. Featuring 360 de- 
grees rotation in either direction, 
the switch can be moved from one 
position to another by turning 
through the least number of posi- 
tions, as from position 1 to 10 with- 
out going through positions 1, 2, 3, 
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DE MORNAY BUDD 

STANDARD TEST EQUIPMENT 
For Precision Measurements in the Microwave Field 

The complete line of De Mornay Rudd standard 
test equipment covers the 4requency range from 
4,000 mcs to 27,000 mcs. It provides all R. F. 

waveguide units necessary for delicate, precision 
test work requiring extremely high accuracy in 

attenuation measurements, impedance measure- 
ments, impedance matching, caliiDration of di- 
rectional couplers, VSWR frequency measure- 
ments, etc. 

To eliminate guesswork, each item of this 
De MornayBudd test equipment is individually 

tested and, where necessary, calibrated, and 
each piece is tagged with its electrical character- 
istics. All test equipment is supplied with inner 
and outer surfaces gold plated unless otherwise 
specified. 

NOTE: Write for complete catalog of 
De MornayBudd Standard Components 
and Standard Bench Test Equipment. Be 
sure to have a copy in your reference 
files. Write for it today. 

The three test set-ups illustrated above include: 
Tube Mount 
Flap Attenuator 
Frequency Meter 

Calibrated Attenuator 
Tee 

Stub Tuner 

Tunable Dummy Load 

Standing Wave Detector 

Type "N" Standing Wave Detector 
Directional Coupler 

Hight Power Dummy Load 

Cut -Off Attenuator 

Stands, etc. 

EQUIPMENT 
FOR 

97% OF ALL 
RADAR SETS 

DE MORNAY BUDD INC., 475 GRAND CONCOURSE, NEW YORK 51, NEW YORK. CABLE ADDRESS "DEMBUD," N. Y. 
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etc. Or, if desired, stops can be 
placed to allow rotation only 
through a given number of posi- 
tions. 

Recording Amplifier (12) 

PRESTO RECORDING CORP., 242 West 
55th St., New York 19, N. Y. The 
type 92A amplifier illustrated is 
rack -mounted with all controls ac- 
cessible. Four pushbuttons select 

various standard recording charac- 
teristics-normal response, NAB 
vertical, NAB lateral, and 78 rpm 
lateral. Output level and tube plate 
currents are indicated by a single 
meter controlled through a selector 
switch. Frequency response is 20 
to 17,000 cycles within 1 db. 

Inductive Tuner (13) 

P. R. MALLORY AND CO., Inc., 3209 
E. Washington St., Indianapolis 6, 
Ind. An infinitely variable induc- 
tance in the range 44 to 216 mega- 
cycles is covered in 3,600 degrees 

of rotation of the shaft of the unit 
illustrated. Several inductors can 
be ganged for use in television and 
f -m receiving equipment. The unit 
can be hand or motor driven. 

Range and Loop Receiver (14) 

LEAR, INc., Grand Rapids, Mich. 
The new AMRL-1 radio range re- 
ceiver and aural -null loop combina- 
tion are dry -battery powered. The 

receiver tunes aircraft range bea- 
cons in the frequencies 195 to 405 
kilocycles. The equipment is sim- 
ple to install, weighs 12i pounds, 
and sells for $159.50. 

Fiberglas Tubing (15) 

BENTLEY, HARRIS MFG. CO., Dept. 
P7, Conshohocken, Pa. Samples of 
Ben -llar Fiberglas tubing are 
available from the company in 
grade A with a voltage breakdown 
strength of 7,000 volts and grade 
B for 4,000 volts. The nonfraying 
flexible insulating tubing is sup- 
plied in all standard sizes in vari- 
ous colors. 

VHF Transmitter (16) 

RADIO RECEPTOR Co., Inc., 251 W. 
19th St., New York 11, N. Y. The 
type TV -50-A vhf transmitter can 
be supplied for any frequency in 

the range 100 to 162 mc. Power 
output varies between 50 and 40 
watts with increasing frequency. 
Audio -frequency response is 150 to 
4,000 cycles, within 3 db of the 
1,000 -cycle response. An audio 
peak limiter is included to prevent 
overmodulation. A transmission 
line monitor rectifier is used. 

Crystal Microphone (17) 

ASTATIC CORP., Conneaut, Ohio. The 
model 600-S crystal microphone has 

relatively high output and wide fre- 
quency range, is useful with public 
address and paging systems, ama- 
teur rigs and other communication 
applications. This new microphone 
has an overall frequency response 
that is smooth up to 10,000 c.p.s. 

Portable CRO (18) 

SYLVANIA ELECTRIC PRODUCTS INC., 
500 Fifth Ave., New York 18, N. Y. 
A new cathode-ray oscilloscope fea- 
turing portability and low cost has 

been designed for radio set servic- 
ing and general service applications. 
The new type 131 oscilloscope, 
weighing 18 pounds, is mounted in 
a cabinet measuring 104 in. high, 
8á in. wide and 134 in. deep. Signal 
frequency range from 15 to 40,000 
cycles is provided with a five - 
range selection control and a fine 
frequency control. Visual study of 
wave form is provided by a 3 -in. 
cathode-ray tube designed for 650 - 
volt deflection plate operation. 

UHF Signal Generator (19) 

HEWLETT-PACKARD CO., Palo Alto, 
Calif. The direct -reading type 610A 
uhf signal generator has a fre- 
quency range of 500 to 1,350 mc, 
and is a valuable laboratory stand- 
ard for determining gain or align - 

(continued on p 216) 
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Loop 

Antennas 
by 

FOR IMMEDIATE 
DELIVERY 

Standard Loop Antennas 

and Built to your Specifications 

1. Multi -band combination loop An- 

tenna and Radio Back. 

2. Broadcast Loop Antenna and radio 

back combination with phone jack, out- 

side antenna connection, aligning trimmer. 

3. High Q Loop Antenna, polyethylene 
insulated wire. 

4. Basket weave loop Antenna. 

Also, I. F. Transformers, All -Wave Osc. 
Coils, R. F. Coils, Antenna Coils, and sole- 
noid wound loop antennas 

Standard types and to your specifications. 

if), c9F 
ELECTRIC PRODUCTS CORP. 

is 

1057 SUMMIT AVENUE, JERSEY CITY, NEW JERSEY 
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NEWS OF THE INDUSTRY 
Edited by JOHN MARKUS 

Nucleonic news; radar on airliners; heating 
gets 2,450 mc; new f -m rulings; f -m clinic; 
taxicab radio survey; Atlanta Conference 

IRE Honors Engineers at 1947 National Convention 
The Institute of Radio Engineers 

has issued the following list of 
honors presented to members for 
outstanding accomplishments. 

The Morris Liebmann Memorial 
Prize for 1946 was awarded to Al- 
bert Rose of RCA for his contribu- 
tions to television pickup tubes, 
particularly the image orthicon. 

The Morris Liebmann prize for 
1947 was awarded to John R. Pierce 
of Bell Telephone Laboratories for 
his development of the traveling - 
wave tube. 

Fellowships were awarded to the 
following: Benjamin De F. Bayly, 
Frank H. R. Pounsett, Pedro J. 
Noizeux, Sir Robert Watson-Watt, 
George P. Adair, G. L. Beers, L. V. 
Berkner, E. L. Bowles, R. S. Bur - 
nap, R. F. Field, D. G. Fink, W. W. 
Hansen, D. R. Hull, F. V. Hunt, K. 
G. Jansky, R. D. Kell, C. V. Litton, 

J. W. McRae, I. E. Mouromtseff, D. 
E. Noble, R. M. Page, J. A. Pierce, 
C. A. Priest, W. W. Salisbury, and 
E. N. Wendell. 

Presentation of the awards will 
be made at the annual banquet 
Wed. March 5 during the IRE Na- 
tional Convention at the Hotel Com- 
modore in New York City. Guest 
speaker at the banquet will be 
Charles R. Denny, Jr., FCC chair- 
man, who will discuss "Frequency 
Allocations". At the President's 
Luncheon March 4, Vice -Admiral 
Charles A. Lockwood will speak on 
"Electronics in Submarine War- 
fare". 

Mobile Radio on Farm 
Construction permits for one land 

station and one mobile station with 

11 units have been granted King 
Farms Co., Morrisville, Pa. by the 
FCC. The stations will be used for 
office -to-car and car -to-car commun- 
ication on this 6,000 -acre truck 
farm to expedite planting, cultivat- 
ing, harvesting, and marketing of 
farm vegetables. The Bell Telephone 
Co. of Pennsylvania will own, in- 
stall, and maintain the equipment, 
but all operating will be done by 
the King Farms Co. which at peak 
seasons employs up to 600 workers. 
The frequency of 156.99 mc is as- 
signed on a temporary basis. 

Declassified Papers on 
Atomic Energy Now 
Available 
THE FIRST 270 atomic energy papers 
to be declassified by the Atomic En- 
ergy Commission or by its predeces- 
sor, the Manhattan Engineer Dis- 
trict, can now be obtained from the 
Office of Technical Services of the 
Department of Commerce at prices 
ranging from $1 upward depending 
on length. 

These papers constitute the first 
sizable release of atomic energy in- 
formation which has been made 
since the early days of the war, 
when a top secret classification was 

(Continued on p 256) J 
CONGRATULATIONS TO TEN KEY SCIENTISTS 

For their work in the wartime Office of Scientific Research and Development, President Truman on January 20 congratulated these 
key scientists. Left to right, seated: Dr. James B. Conant, president of Harvard Univeristy; President Truman; Dr. Alfred N. Richards, 
chairman of the OSRD committee on medical research. Standing: Dr. Karl T. Compton, president of MIT; Dr. Lewis H. Weed, National 
Academy of Sciences; Dr. Vannevar Bush, director of OSRD; Dr. Frank B. Jewett; Dr. J. C. Hunsaker of MIT; Dr. Roger Adams of 

University of Illinois; Dr. A. Baird Hastings of University of Illinois; Dr. A. R. Dochez of Columbia University, 

154 March, 1947 - ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Model RX Smooth Power Motor 

THAT PLEASES YOUR CUSTOMERS 

You'll make better friends of your customers when 
you equip your phonographs with General Indus- 
tries Smooth Power Motors. 

That's because of fine performance from the 
first instantaneous pick-up to the last note. Con- 
stant speed, quietness and vibration -free operation 
result in faithful, enjoyable reproduction. 

These same high qualities characterize all 
Smooth Power mechanisms, including recording 
motors and assemblies and combination record - 
changer recorders. From our complete line, you can 
select fitting companions for your own fine products. 

oTHE GENERAL 
IN D USTRIES co. 

DEPARTMENT ME ELYRIA, OHIO 

TUBES AT WORK 
(continued from p 140) 

of the recording and playback cir- 
cuits, erasing is done by a 40-kc 
oscillator when the switch is in po- 
sition A. In position B the micro- 
phone, amplifier, and recording 
equalizer are in the circuit for re- 
cording. Some of the oscillator out- 
put is also fed to the recording 
head to provide a high -frequency 
component. In position C the head 
picks up the magnetic variations 
in the film. These are first equalized 
by the playback equalizer, then fed 
through the amplifier and into the 
loudspeaker. 

Mounting arrangement for the magnetic 
pickup head. The pressure against the 
coating is on the order of 0.0001 ounce 

An Overall frequency response 
curve for the 16 -mm system shows 
that it is flat within ± 3 db from 
50 to 5,000 cycles. At normal re- 
cording levels the intermodulation 
distortion is about 5 percent. The 
background noise is 35 to 40 db 
below the program level. 

The magnetic coating can also be 
put on 8 -mm film between the 
sprockets and edge of the film, and 
has the same dimensions as on 16 - 
mm film. 

Because 8 -mm film moves at half 
the speed of 16 -mm film, its upper 
frequency limit is about 2,500 
cycles. On voice, the sibillants are 
clear and natural. Quality on music, 
while not as good as at sixteen - 
millimeter speed, is comparable to 
that of low-cost radio receivers. Dis- 
tortion and signal-to-noise ratio are 
about the same as at higher speeds. 

Soldering Litz Ends 
By EMERICK TOTH 

Naval Research Laboratory 
Washington, U. C. 

THE WRITER had occasion to de- 
sign a receiver for aircraft using 
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Schweitzer Paper 
Quality is 

pre ht iiot simple! 
Pure because every step in the manu- 

facture of this paper is controlled 

by science. Not simple because it re- 

quires unique technical skill to meet 

the specifications to which our papers 

are manufactured. Specify Schweitzer 

thin gauge paper for paper or electro- 

lytic capacitors, coils, transformers 
or other applications using insulating 
papers in any thickness ranging 

from .00025" to .004". 

SCHWEITZER PAPER CO. 
New York Offices: Chrysler Bldg., New York 17, N.Y. 
Plants: Jersey City, N. J.; Mt. Holly Springs, Pa. 

U\\UPAPIRS tN1 
SpEI A1151 

REPRESENTATIVES: 

CHICAGO AREA: Ruse Diethert Co., 612 N. Michigan Avenue, Chicago 11, Ill. 
WEST COAST: Electrical Specialty Co., 316 Eleventh St., San Francisco 3, Calif. 
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BLAW-KNOX 
ANTENNA TOWERS 
Again welcome Admiral Byrd back to 

Little America! 
There they were-tall, straight and conspicuous after 18 lonely 
winters in the frozen Antarctic. Even back in 1929 Blaw-Knox 
had a reputation as radio tower experts which was well-known 
to Byrd's engineers. 
Today Blaw-Knox has acquired an unequalled experience 
through thousands of installations both here and abroad ...AM, 
FM, UHF, Radar and Television. This valuable know-how is 
available to you at no added cost. 

BLAW-KNOX DIVISION 
OF BLAW-KNOX COMPANY 

2077 Farmers Bank Building, Pittsburgh 22, Pa. 

,s 
Fini 

Towers of ßt 
c damps 

X3 33 Antare OLXMPüS, 

ABOARD U. RICA (AP)-Docte 
] E with 

E fist while LITTLE scientist wh 
Paul SAntarctic expedition, yesterday 1 
Navy's helicopter 10 

flight, 
ower 

of Admiral 
on the radio 11933 camps 

still 

located 1928 found Byrd's also fou 
standing.Erie, Pa , of Whales 

giple, that the Bay ofby a 

evidence completely cl the last 
had collision of the glacier 

the tops 

A.dolp 

yeard he . with 
y 

Ile satOchs radiostations, in a 

still 
spaced 

was talen ild 
three triangle that the 

build- 

ings 

rough cation 
an lowh 

icru 
of existence by the as below perhaps 

crushed 
out as or,ginally 

thought 

ice, entrance 
to 

Two lcof aWhales appa 
rently met probable. 

Si Ale 
said, 

at the 

the Bay the last y we cape 

within thepiece of 
1 withoff. 

breaking 

._ 
t' # 

BLAW-KNOX ANTENNA 
TOWER S 

156 March, 1947 - ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


PROOF BY TRIAL . . . that's 
our motto. Before you invest in 
electronic heating equipment you 
should be shown how any process 
requiring heat can be done better, 
faster and more economically for 
you with a Scientific Electric unit. 

Our engineers will gladly-without obligation- 
make a study of the heating process under considera- 
tion. They will then make recommendations sup- 
ported by practical demonstrations on the S.E. 
heater best suited for the job. 

This procedure will enable you to figure accu- 
rately the economies that will result; also permit you 
to estimate the time required to pay for the equip- 
ment out of resultant savings. 

You can submit your heating problems to us with 
the assurance that absolute secrecy will be observed, 
if so desired. Investigate the advantages of applying 
electronic heating in your manufacturing operations 
NOW. Consult with us at your earliest opportunity. 

Write for free copy of 
The ABC of Electronic Heating 

Manufacturers of 
Vacuum Tube and Spark Gap Converters Since 1921 s 

DIVISION OF "S" CORRUGATED QUENCHED GAP COMPANY 

119 MONROE ST. ifiliKsM31 GARFIELD, N. J. 

3 KW DIELECTRIC HEATER 

Dielectric Heating $15UUe 
Units priced from tJ! 

(3 KW complete) 

5 KW INDUCTION HEATER 

Induction Heating 
$1285. Units priced from !! 

(for 5 KW complete 
with 1 work coil) 

Scientific Electric Electronic Heaters 
are made in the following range of power; 
-3-5-71/2-10-121h-15-18-25- 

40 - 60 - 80 - 100- 250 KW.-and range 
of frequency up to 300 Megacycles depend- 
ing on power required. 
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111E 111G114OLTAGE COUPLING IJ11'iWITOII %/d4a 

HAVE YOU A COUPLING 
CAPACITOR APPLICATION? 

In furtherance of their extensive 
coupling capacitor research, Sprague 
engineers will welcome the oppor- 
tunity to discuss other applications 
where high -voltage units of this 
general type may prove useful. 

A. 

Thanks to the development of the Sprague 
High -Voltage Coupling Capacitor, one line 
-the power line-can now provide both 
power and telephone services in rural areas 
on the Rural Electrification Authority 
System. 

When the entire rural carrier current tele- 
phone program was stymied and about to 
be junked for want of a safe, low cost 
means of coupling telephones to a 7200 
volt distribution line, Sprague carne through. 
The Sprague coupling capacitor is a safe, 
low cost, hermetically -sealed, corona -free 
coupling unit only one -tenth the size and 
weight of other capacitor types formerly 
considered for this purpose. It is glass 
enclosed and completely weather proof. 
Although operated on 7200 volt distri- 
bution circuits in this case, Sprague High - 
Voltage Coupling Capacitors will withstand 
ten 11/2 x 40 microsecond test impulses 
of 95 KV. 
This .002 mfd. capacitor is conservatively 
rated at 8700 volts, 60 cycle AC. 

SPRAGUE ELECTRIC COMPANY 
NORTH ADAMS MASSACHUSETTS 

' 

`Z- 

l 

SPRAGUE 
PIONEERS OF ELECTRIC AND 

ELECTRONIC PROGRESS 
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TOP 

FREQUENCY STANDARD 
(60 cycle) for use with 
external power supply 

CENTER 

CHRONOGRAPH 
Records time intervals 

with resolution to .001 second 

BOTTOM 

FREQUENCY STANDARD 
(120 cycles) with 

self-contained power supply 

These tuning forks which include 
new engineering principles, pro- 
vide frequencies from 120 to 1,000 

cycles directly with an unquali- 
fied guarantee of accuracy to 1 

part in 100,000 over a wide tem- 
perature range. (Better than 1 

second in 24 hours). Closer tol- 
erances are obtainable on spe- 
cial order. 
These tuning fork assemblies are 
available only in single or multi - 
frequency instruments of our 
own manufacture which are de- 

signed to test, measure or control 
other precision equipment by me- 
chanical, electrical accoustical or 
optical means. 

The dependability of these fre- 
quency standards is being dem- 
onstrated for myriad purposes 
in all climates and under all 
working conditions. 

If you have need for low fre- 
quency standards of exceptional 
accuracy, your inquiries are in- 
vited. 

American Time Products, Inc. 
580 Fifth Ave. 

Dist. of Vl'estern Electric & Watch s Master 

New York, N. Y. 
\\'àtch-rate Recorders 
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RSIN MULTICORE SOL 

GIVES YOU 73hS 
PRECISION PRODUCTION - A 

THE SECRET IS IN THE 

ERSIN FLUX (EXCLUSIVE TO 

MULTICORE) COMBINED WITH 

MULTICORE CONSTRUCTION 

Ersin Multicore Solder con- 
tains 3 cores of extra active 

Ersir. Flux. The 3 core construction 
gives rap:d melting and speedy produc- 
tion of precision soldered joints. Only 
with M-.ilticore do you get the advantages 
of guaranteed flux continuity, instant melt- 
ing and extra speedy fluxing even on 
oxidised surfaces. Ersin Multicore Solder 
is made as standard in gauges between 
10 and 22 S.W.G. (.128 - .028 in., 3.125 - 

.711 mm) ; and in 5 standard antimony 
free alloys. Ersin Multicore Solder is 
used by leading manufacturers of radio, 
television, electrical and telephone equip- 
ment in Britain, U.S.A. and Canada and 
also by many Government departments. 
If you would like to know more about 
Ersin Multicore, please write us for de- 
tailed tecl-nical information and samples. 

U.S.A. enquiries to Canadian en;uiries to 
t'I^ISH INDUSTRIES CORP., 315 Broadway, New York 7, N.Y. ENI-DOR RADIOLECTRIC LTD., 455 Craig Street West, Montreal. 

Enquiries regarding othar territories to 

MULTICORE SOLDERS LTD., Mellier House, A bemarle Street, London, W.I. England. 
Tel: REGent 1411. Cables: Eustickon, Piccy, London. 
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FOR SEMS WASHER 
SCREW ASSEMBLIES 

Washer permanently fastened on, yet 
free to rotate. Easier, faster driving. 
No fumbled, lost or forgotten washers. 
Matching finish on both parts. Easier 
ordering and balanced inventories. 

FOR CL 
AD SCREWS 

The latest type recessed -head screw. 
Screw locks on driver. Can't fall off. 
No screw -driver slippage. Easy to as- 
semble. Exceptional driver life. Ordi- 
nary screw -driver may also be used. 

See SCOVILL! 

Increase assembly speed up to 50%! 
Cut down injuries to workers with no 
burrs, no skids. Reduce production costs. 
Reduce rejects! Improve product ap- 
pearance! Go modern with Phillips! 

FOR SPECIAL COLD -FORGED 
FASTENINGS 

Scovill is expert in cold -forging unusual 
special fastenings, such as the one 
shown. Scovill designing ability, engi- 
neering skill, men and machines save 
money for customers. Consult Scovill! 

Look at the fastenings you're now using-and see if they're 
the best for the ¡ob. Get better results-at less cost-with 
modern fastenings. If you use fastenings in large quantities, 

it will pay you to find out what Scovill can do for you. Fill 

out and mail the coupon below-now! 

QUALITY FASTENERS 

FOR 

QUANTITY CUSTOMERS 

MAIL COUPON TODAY! 

-__COMPANY I 

1 SCOVILL MANUFACTURINGE 3 1 

WATERVILLE 
SCREW PRODUCTS 

DIVISION 

I 

Please supply more information 
ont WATERVILLE 

48, CONN 

OScovill 
SEMS Washer Screw Assemblies 

O Scovill PHILLIPS 
Recessed Head Screws 

O Scovill CLUTCH HEAD Screws 

O Scovill Special Cold -forged Fastenings 

NAME 
COMPANY 

ADDRESS 

TUBESAT WORK (continued) 

coils of litzendraht wire. These 
coils ranged in diameter from 12 
inches, wound with litz of about 180 
strands of number 38 wire, to lit- 
tle fellows of .i inch ID using 7/41 
Litz. Over 150 coils were involved, a 
total of more than 300 coil ends, 
thousands of individual strands 
that must be properly tinned and 
soldered. 

Careful tests were made of the 
following three methods: 

(1) Cautious removal of the silk 
and enamel from the coil end by 
abrasion against a relatively soft 
high-speed rotary wirebrush. 

(2) Heating of the coil end in an 
alcohol or Bunsen -burner flame and 
subsequent plunging of the hot coil 
end into alcohol. 

(3) Application of a small quan- 
tity of a paste of zinc chloride and 
water to the coil end and heating 
with a soldering iron, immediately 
followed by tinning with rosin -core 
solder while the resulting zinc 
chloride and enamel mixture was 
still boiling. The silk insulation was 
burned and stripped off by a very 
short exposure to a flame, and sub- 
sequent wiping with a rag prior to 
application of the zinc chloride. 

Results of Tests 
Method (1) was found to damage 

individual strands excessively, and 
did not clean all strands in sizes of 
litz with many strands, such as 
70/38 and 180/38. 

Method (2) was difficult to con- 
trol. Insufficient exposure to the 
flame resulted in the enamel not 
cracking off when the hot coil end 
was plunged into cold alcohol. Over- 
heating caused individual strands 
to burn off. Even when satisfactory 
cleaning was obtained, the copper 
was left so brittle that soldered coil 
ends would break easily. 

Method (3) provides easy and 
effective tinning. The appearance 
of the tinned end was neat and clean 
after the residue of zinc chloride, 
enamel, rosin, and solder had been 
wiped off while still hot with a 
damp rag. The ease of tinning even 
180/38 litz suggested that inside 
strands were not properly coated. 
Several samples were cut in cross- 
section but all strands appeared to 
be clean of enamel and tinned. 

Samples were placed in a salt - 
spray chamber and subjected to the 
Navy's standard salt -spray test 
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HERE is the one hundredth FM broadcast transmitter pro- 
duced by G. E. It was shipped on January 10th. Nearly 

15C more, on order, are now being built. 
This 3 KW transmitter incorporates the famous Phasitron 

circuit plus many other technical advances by General Electric. 
It it one of the units in the complete General Electric line of 
transmitters which range in power from 250 W to 50 KW. 

These FM transmitters have proved their efficiency and 
economy in stations throughout the country. 

For complete information on these transmitters, designed 
and built to assure you lower costs per hour of operation, 
write or call your nearest General Electric broadcast sales 
eng_neer, or the Electronics Department, General Electric Com- 
pany Syracuse 1, New York. 

FIRST AND GREATEST NAME IN ELECTRONICS 

GENERAL ELECTRIC 
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E PHONOGRAPH -TURNTABLE UNITS 

FRACTIONAL HORSEPOWER MOTORS 

FRACTIONAL HORSEPOWER MOTORS 

Sturdy motors, precision built for long life and rugged 
requirements. 
Single phase shaded pole induction type suitable for 
many applications. Constant speed is maintained 
through the use of new shading design making this 

motor ideal for use where good starting torque re- 
quirements are needed. 
Dual motor coils of ample turns impregnated against 
moisture will operate continuously with an exception- 
ally low temperature rise. 

Bearings are of ample size and are self -aligning with 
self-lubricating features. 

Production starts soon and we invite inquiries now as 

to your 1947 motor requirements. 

PRECISION WIRE WOUND RESISTORS 

RADIO AND ELECTRONIC TEST EQUIPMENT 

t 
1 

PHONOGRAPH 
TURNTABLE UNIT 

Engineers will find this compact turntable meeting all of their 
requirements. 

PERFORMANCE:-Correct and uniform speed is secured 
through the use of a motor of ample capacity, preloaded 
to operate on the flattest portion of the torque -speed 
characteristic. 
QUIETNESS:-Is assured by full -floating rubber motor 
mountings and rubber cushioned drive. Permanent free- 
dom from turntable wobble is guaranteed by an extra 
rigid turntable, an extra long bearing and precision 
machining of these parts. 
Unit can be supplied for 110 volt and 220 volt 50 or 
60 cycle operation. 
Deliveries prompt. 

ROTARY SELECTOR SWITCHES 
FOR THE CRITICAL ENGINEER 

TYPE XC-Single or multiple decks. Instru- 
ment type. Contact Resistance less than .001 

ohm. Ideal for shunt ammeter, thermo 
couple type measuring equipment and 
Wheatstone Bridges. 

SERIES EE-14-Single or multiple decks. One to 
six. 14 circuits each deck. Shorting or non - 
shorting contacts. Recommended for use in 
quality test equipment or accurate switching of 
multi -circuits with low contact loss. 

SERIES EE-20-Similar to Series EE -14 but with 
20 circuits each deck. Contacts and moving 
parts heavy coin silver plated to meet 200 
hour salt spray test. Low leakage laminated 
plastic decks selected for maximum mechanical 
and dielectric strength. 

Write for catalogue 
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BEAT 

TODAY'S 

HIGH 

COST 

of 

SILVER 

Designers, fabricators, manufacturers needn't worry about rising 
silver prices because General Plate Laminated Metals give you all the 
performance characteristics of solid silver at unusually low cost. 

Because General Plate Laminated Metals ... sheet, wire and 
tube ... are permanently bonded laminations of a thin layer of 
precious metal to a thicker layer of base metal, they give you precious 
metal performance at a cost slightly higher than the inexpensive 
base metal. 

In addition to economy, General Plate Laminated metals are 
easier to work, have high corrosion resistance, provide better 
electrical conductivity, are easier to fabricate, have better spring 
properties, and provide structural and mechanical properties not 
found in solid precious metals. 

Investigate General Plate Laminated Metals, today. Our engi- 
neers are available for consultation on your metal problems. Write: 

Overlay pre- 
cious metals, 
one side or 
both sides, 
any thickness. 

Base metal... 
steel, copper, 
nickel, etc. 

SHEET ... Available with precious 
metal on one side, both sides or 
wholly covered, inlaid and edge laid 
in practically any combination of 
precious to base metal. Base to base 
metal combinations also available. 

TUBE ... Solid precious metal; lam- 
inated precious to base metal lined, 
or covered one side or both in a wide 
range of diameters and odd shapes. 

WIRE ... Shaped, solder filled, 
channel, solder flushed, squares, 
flats, ovals and irregular shaped. 

GENERAL PLATE DIVISION 
of Metals and Controls Corporation 

ATTLEBORO, MASSACHUSETTS 
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..This is Cardioid 
"Cardioid" means heart -shaped. It de- 
scribes the pickup pattern of a micro- 
phone as illustrated in this diagram. 
Unwanted sounds approaching from 
the rear are cancelled out and the pick- 
up of random noise energy is reduced 
by 66%. The actual front to back ratio 
of reproduction of random sound en- 
ergy is 7 to 1. 

..This is Super-Cardioid 
"Super-Cardioid" also describes a pick- 
up pattern and is a further improvement 
in directional microphones. The Super- 
Cardioid has a wide front -side pickup 
angle with greater exclusion of sounds 
arriving from the sides and the rear. 
The front to back random sound ratio 
is 14 to 1 which makes it twice as uni- 
directional as the "Cardioid." A 73% 
decrease in the pickup of random noise 
energy is accomplished. 

..This is Uniphase 
"Uniphase" describes the principle by 
which directional pickup is accom- 
plishedina single microphoneunit.This 
is a patented Shure development and 
makes possible a single unit "Super- 
Cardioid" Directional Microphone 
eliminating the necessity of employing 
two microphone units in one case-it 
gives greater uniformity in production, 
greater ruggedness, lower cost for com- 
parable quality and more uniform ver- 
tical pickup pattern. 

Sounds entering from front. 

Sounds entering from rear. 

REAR 

..This is the result 
The SHURE Super-Cardioid 

A decrease in the pickup of random 
sound energy by 73%-reduction ot 
feedback and background noise-sim- 
plification of sound pickup are among 
the many advantages offered by the 
Shure "Super-Cardioid" Dynamic. 
These, plus faithful reproduction, are the 
reasons why Shure "Super- Cardioid" 
Microphones are used by more than 750 
Broadcast Stations in the United States 
alone, by our Armed Forces throughout 
the world, and on thousands of Public 
Address Systems everywhere. 

SHORE BROTH ERS, Inc. 
Microphones and Acoustic Devices 

225 West Huron Street Chicago 10, Illinois 
Cable Address: SHUREMICRO 

TUBES AT WORK (continued) 

for two hours. It was found that ex- 
cept for a light accumulation of 
powdery salt the samples were in 
no way affected by the test and all 
300 coil ends were processed as out- 
lined in method (3) above. 

Eighteen months after delivery, 
one equipment was examined which 
had been in service in Panama for 
a year. No trace of corrosion or 
any other damage was found. 

Zinc chloride is very hygroscopic 
and should be kept in a suitable 
well -stoppered glass bottle, with 
only as much paste prepared at one 
time as is needed for a few hours 
use. 

Square Loop F -M Antenna 
AN EIGHT -ELEMENT square -loop an- 
tenna multiplies the power of a 
transmitter by more than eight 
times but erecting an 80 -foot one 
atop a 30 -story building multiplies 
the construction problems even 
more. Such an antenna has been 
erected for WCTN-FM, Minne- 
apolis, on the Foshay Tower in that 
city where tons of equipment had 
to be moved thirty stories above the 
ground. 

First square -loop section of the antenna as 
it cleared the roof 

The highest point in the Twin - 
Cities area is the Foshay Tower, 
selected for the Federal eight -ele- 
ment square -loop antenna after a 
survey of all available locations. 
The building rises 447 feet above 
the street, is of steel and stone con- 
struction, and is patterned after the 
Washington Monument. All outside 
work had to be completed before the 
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FOR MODULATOR SERVICE 

A SYLVANIA CRYSTAL DIODE VARISTOR 

THE V-301 VARISTOR 
(SHOWN ACTUAL SIZE) 

Ratings* 
Max. allowable inverse voltage 
Max. allowable average current 
Max. allowable peak current 
Max. allowable instantaneous 

surge currer.t 
*Apply to a single diode. 

25 volts 
20 ma 
40 ma 

50 ma 

TYPE V-301 

FEATURES 
Lower capacitance No heater supply required 
Wider frequency range Improved stability 

Elimination of contact potential effects 

For modulator service in telephony, telegraphy and 
other communications equipment, as well as in cer- 
tain radar applications, the Sylvania Varistor Type 
V-301 offers outstanding advantages. 

The V-301 consists of four special germanium crys- 
tal diodes (similar to the familiar Sylvania IN34) 
carefully selected and balanced, and factory -assem- 
bled into a single compact unit. 

Point contact utilized in the germanium crystal 
diodes reduces capacitance to the order of a few 1íµf. 
As a result, useful frequency range is greatly ex- 
tended. Stability is improved, and the contact poten- 
tial effects occurring in vacuum diodes are entirely 
eliminated. 

Also available is the V-307; electrical character- 
istics are the sanie but unit is mounted in a can 
suitable for top or sub -panel mounting. Connections 
are soldered to eight lugs. 

inquiries are invited. 

o 

MODULATION 
VOLTAGE -ga 

CARRIER 

MODULATION 

SIDE BAND VOLTAGE 

OUTPUT - 

CARRIER 

SIDE BAND 

_*e OUTPUT 

LVANIA ELECTRIC 
Eleclronicx Division ... 300 Fifth Avenue, New York 18, N. Y. 

MAKERS OF ELECTRONIC DEVICES. RADIO TUBES. CATHODE RAY TUBES: FLUORESCENT LAMPS. FIXTURES. WIRING DEVICES ELECTRIC LIGHT BULBS 

ELECTRONICS - March, 1947 
167 

www.americanradiohistory.com

www.americanradiohistory.com


A MOST COMPACT RHEOSTAT 

DIAL 
WINDOWS 

NAME 
PLATES 

SCALES 

GAUGES 

CHARTS 

CALCULATORS 

ETC. 

Type 2462F is designed for rela- 
tively low wattage, and it fits into 
an exceptionally small space. 
From the back of the panel it 
measures only 3/4 of an inch. 

Its terminals are ideal for easy, 
rapid crimping and soldering. 

The shaft and bushing are fully 
insulated from the contact mech- 
anisms, so the rheostat can be 
mounted on a metal panel. And 
this little 10 watt rheostat is tested 
for 1500 volt breakdown. 

Other types of Hardwick - 
Hindle rheostats, and our many 
resistors offer you valuable ex- 
clusive advantages also. 

Write us today. Our engineers 
are always at your service. 

ED HARDWICK, HINDLE 
RHEOSTATS and RESISTORS 

Subsidiary of THE NATIONAL LOCK WASHER COMPANY 

NEWARK 5, N. J. E TABUSH111D 1886 U. S. A. 

ACTUAL SIZE OF RHEOSTAT 

INC. 

HOPP 

RADIO 
DIALS 

IALS hove endless possibilities 
in design, size, shape and 

PLASTIC RADIO D 

color combination. 
Attractive and durable, 

Radio 
dFocio 

dturers. 

windows and 

scales ore preferred by many leading 

but for numerous other electronic and electrical appli- 

Not only for dials, preferable. 

cations, Laminated Plastics ore P 

regarding applications foryour 

engineers re9 
For quotation. 

Consult with our Or and 
de blueprints or samples 

particular 
purpose. 

HOPP PRESS, INC. 
THE 

ESTABLISHED 
189 

460 WEST 34th STREET, NEW YORK 1, N. Y. 

A 

\SS\65 

..w" 

MN so JO aº 9 N R19 I'M KZ 

From out of 

the uet . 
.1 vu' rkii's 

flriesl 
, 

1 r'arls or'rirer's 

Thermador is a name 

remembered when the ut- 

most in transformer qual- 

ity is desired, and when 

exceptional engineering 

skill is required. 

"Seven Leagues Ahead" 

THE RMADOR 
THERMADOR ELECTRICAL MFG. CO 

5119 District Blvd . tos Angeles 22. California 
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1 

LET THESE WAA DISTRIBUTORS HELP Y U 

The War Assets Administration has appointed 
a representative group of competent well estab- 

lished distributors to help dispose of war - 

surplus electronic tubes and equipment. \Ve 

suggest that you get in touch with the distrib- 

utor nearest vou. He will know the items avail- 

able and how they can aid in solving your 

electronic problems. 

J 

ILICTRONICS DIVISION 
OPPICI OP <.., T DISPOSAL 

WAR ASS 
42! beeW 11., 14M. 

ISTRATION 
Maehlwprow 25, D. C. 

Here is an up-to-date list of 
WAA approved distributors. 

BOSTON, MASS. 
Automatic Radio Mfg. Co., Inc. 
Technical Apparatus Co. 

BUCHANAN, MICH. 
Electra -Voice, Inc. 

CANTON, MASS. 
Tobe Deutschmann Corp. 

CHICAGO, ILL. 

American Condenser Co. 
Majestic Radio & Television Corp. 

EMPORIUM, PENN. 
Sylvania Electric Products, Inc. 

FORT WAYNE, IND. 
Essex Wire Corp. 

LOS ANGELES, CALIF. 
Cole Instrument Co. 
Hoffman Radio Corp. 

NEWARK, N. J. 

Standard Arcturus Corp. 
Tung -Sol Lamp Works, Inc. 

NEW YORK, N. Y. 

Communication Measurements Laboratory 
Electronic Corp. of America 
Emerson Radio & Phonograph Corp. 
Hammarlund Mfg. Co., Inc. 
Newark Electric Co., Inc. 
Raytheon Mfg. Co. 
Smith -Meeker Engineering Co. 

SALEM, MASS. 
Hytron Radio & Electronics Corp. 

SCHENECTADY, N. Y. 

General Electric Co. 

WASECA, MINN. 
E. F. Johnson Co. 

122 Brookline Ave. 
165 Washington St. 

Carroll & Cecil Sts. 

863 Washington St. 

4410 Ravenswood Ave. 
125 W. Ohio St. 

1601 Wall St. 

1320 S. Grand Ave. 
3761 S. Hill St. 

99 Sussex Ave. 
95 -8th Ave. 

120 Greenwich St. 
353 W. 48th St. 

76 -9th Ave. 
460 W. 34th St. 

242 W. 55th St. 
60 E. 42nd St. 

125 Barclay St. 

76 Lafayette St. 

Bldg. 267, 1 River Rd. 

206 -2nd Ave., S. W. 
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VARIABLE ATTENUATORS 
Quality -proved on the world's most 

exacting applications 
Now ... the foremost Attenuator line ... Variaten ... is 
being engineered and produced by a national leader in pre- 
cision electronic equipment ... SHALLCROSS. 

To a line already popular with broadcast, communication, 
recording and movie -sound equipment studios, has been 
added the complete facilities of this leading producer of fine 
electrical measuring instruments, selector switches and pre- 
cision wire -wound resistors. 

SHALLCROSS VARIATEN ATTENUATORS employ wire - 
wound resistors. Stone -lapped brush and contact surfaces 
assure complete overall contact for minimum noise level and 
lengthened service life. Types include ladder mixers, bridged 
and straight "T" attenuators, bridged and straight "H" atten- 
uators, grid control potentiometers, loud speaker volume 
controls, turn -table faders, D.B. and V.U. meter range -extend- 
ers, and fixed pads for every purpose. Special designs made to 
specifications. 

Shallcross Manufacturing Co. 
DEPT. E-37, COLLINGDALE, PA. 

TUBES AT WORK (continued) 

arrival of Minnesota's bitter winter. 
Planners of the station engaged 

the original designer of the Foshay 
Tower and its original builder be- 
cause they were thoroughly ac- 
quainted with its construction. An 
unfinished elevator shaft from the 
basement to the 30th floor was used 
as the route to the roof. Through 
this shaft the antenna sections, 
equipped with their loops and other 
components, were hoisted to point 
of final assembly beneath the peak. 

First step in the erection was to 
cut an opening large enough to ac- 
commodate the over-all width of the 
antenna loops through the tip of 
the tower. The top section of the 
antenna, surmounted by a 300 -mm 
aircraft warning beacon, was then 
assembled and raised through the 
opening by a system of steel cables 
attached to hand -operated winches. 

Viewed from underneath, while another 
section is added to the antenna 

A second section was added to the 
first and both were pushed through 
the opening in the peak. This proc- 
ess of building from the bottom 
was continued until all eight sec- 
tions and their associated compo- 
nents were in place and the com- 
pleted antenna was in position. 

The final step was to anchor the 
base of the antenna to a 27 -foot in- 
ner support tower, fastened to the 
main cross beams of the building. 

The new antenna is operating at 
97.1 me for WTCN-FM, which holds 
one of the highest effective radiated 
power ratings in the United States. 
Present operating power is three 
kilowatts into the antenna from a 
Federal FMTB 3000 f -m transmit- 
ter. This produces an effective ra- 
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115 Volts ... -f- 15%. Is that what 
you meant when you specified the 
label rating. That's what your 
equipment will be up against when 
it's at the mercy of commercial 
line voltages. 

If your equipment will not stand 
that tolerance, you're saddling 
your customers with a serious 
problem and one which few will 
understand. Your equipment will be 
blamed for any breakdown or un- 
satisfactory performance-not the 
fluctuating voltage that caused it. 

You can relieve your customers 

S 

HAVE YOU FORGOTTEN 
THAT YOUR CUSTOMER'S LINE 

VOLTAGE WILL FLUCTUATE? 

of this problem, eliminate costly 
service calls ... and ... accom- 
plish all this at an actual saving in 
original design costs. The answer 
is ... "include a SOLA Constant 
Voltage Transformer as a built- 
in component." 

SOLA Constant Voltage Trans- 
formers are available in 31 standard 
designs in capacities from 10VA 
to 15KVA . . . or special units 
can be custom built to your 
specifications. Whether your prod- 
uct is designed for home, science 
or industry Constant Voltage is 

your problem. May we make recom- 
mendations for your equipment? 

ILA TRANSFORMERS 

This book provides the answer 
to your Constant Voltage 

problem. 

Ask for 
Bulletin DCV-102 

Tansformersfor: Constant Voltage Cold Cathode Lighting Mercury Lamps Series Lighting Fluorescent Lighting X -Ra y Equipment Luminous Tube Signs 

Oil Burner Ignition Radio Power Controls Signal Systems etc. SOLA ELECTRIC COMPANY, 2525 Clybourn A , Chicago 14, Illinois 
Manufactured in Canada under license br FERRANTI ELECTRIC LIMITED. Toronto 
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magnetic 

iron 

powders 

A New Technical Bulletin, describing many desirable 
characteristics of Mepham IRN magnetic iron powders, is 

now available.... Send for your copy. It contains 28 pages 
of comprehensive data, including performance graphs, on 
10 different types of IRN magnetic iron powders (hydrogen 
reduced) for high -frequency cores, core material, tele- 
communication and magnetic applications. Useful frequency 
ranges-.01 to 200 megacycles and up. 

G. S. MEPHAM CORPORATION 
Established 1902 East St. Louis, Illinoi9 

_rdr 

The BROOK HIGH QUALITY 
AUDIO AMPLIFIER 

ere» 
Distortion is reduced to extremely low levels 

BROOK ELECTRONICS 
Inc. 

34 DeHart Place 
Elizabeth 2, N. J. 

Designed by LINCOLN WALSH 

previously unattainable. 

The Brook amplifier uses triode tubes exclu- 
sively, a patented circuit, and has 30 watts 
power output. 

Cabinet or rack mounting. Prompt delivery. 

e -e it at the !. R. E. Show 
Grond Cent, a Puluce cur rns,g,,anae- 

5ounAcrajt 
and 

IJANK RECORD 

ENGINEERING 

Every so often a new name 
appears in every line of 
business. Not yet a year old 
Soundcraft is new in name 
only to the blank record 
field. 

To Soundcraft engineers the 
business of manufacturing 
discs is no novelty. Directly 
or indirectly, almost every 
recordist has benefitted in 
some way from past contri- 
butions of Soundcraft engi- 
neers. 

These men for many years 
have been associated not 
only with disc recording but 
also with film techniques. 
They are designers and 
builders of recording equip- 
ment. As disc coating engi- 
neers they know recording 
lacquer. They know record- 
ists needs and how to satisfy 
them. 

By reason of the collective 
experiences of the past, in 
addition to sound planning 
for the future, Soundcraft 
will continue to offer the 
very best in high fidelity re- 
cording discs. 

The 'Broadcaster' 
8" 10" 12" 16" 
The 'Playback' 
61/2" 8" 10" 12" 16" 
The 'Audition' 
61/2" 8" 10" 12" 16" 
The 'Maestro' 
12" 131/4" 171/4" 

REEVES 

SOUNDCRAFT CORP. 
10 EAST 52 ST., NEW YORK 22, N.Y. 

PROGRESS ALONG SOUND LINES 
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*6 Exclusive Features Make 
This the Finest Roll Chart Ever 
Designed for Tube -Testers 

"No Backlash" feature of this Roll Cho -t auto- 
matically takes up all slack in he paper chart 
and, by keeping it in constant tºnsion, makes it 
impossible to turn the selector wheel without 
turning chart. Gives precision selecticn ai all 
times. Also prevents chart from tearing or get- 
ting out of alignment. 
Gearing is such that only 
wheel will run the entire 
ft. chart. 

6 turns of selector 
length of the 121/2 

Eosy to read. The clear Lucite window is just 
wide enough to show 2 tube settings, or both 
settings on a multi -purpose tube. 
Entire unit removable by taking eut four screws. 
Just lift from receptacle to make new entries or 
install new chart. 
Chart ingeniously fastened to rollers, a'Fording 
easy replacement and constant alignmert. 
Rigid, light -weight construction Gear driving 
mechanism incorporates heavy-duty precision 
brass gears and parts. 

1 

RC 

sow Model teowth be.tes 

"No 
Backlash', 

Roll Chart 

With the addition of the new Simpson "No 
Backlash"* Roll Chart to the 1947 version of 
our Model 305, this famous instrument becomes 
beyond question the finest tube -tester on the 
market in its price range. Read the description 
of this new Roll Chart in the panel below. 

Model 305RC provides for filament voltages from 
.5 volts to and including 120 volts. It tests loctalc, 
single ended tubes, bantams, midgets, miniatures, bal- 
last tubes, gaseous rectifiers, acorn tubes, Christmas 
tree bulbs, and all popular radio receiver tubes. 

Like other Simpson tube -testers, the Model 305RC 
incorporates 3 -way switching which makes it possible 
to test any tube regardless of its base connections or the 
internal connections of its elements. This method, the 
result of exhaustive research and expensive construc- 
tion, protects the Model 305RC against obsolesence to 
a degree not enjoyed by competitive testers. No adap- 
ters or special sockets are required. In addition to hav- 
ing a complete set of sockets for every tube now on the 
market, this tester has a spare socket, to provide for 
future tube developments. 

The Model 305RC has provision for testing pilot 
lamps of various voltages as well as Christmas tree 
bulbs. It tests gaseous rectifiers of the O74 type-also 
tests ballast tubes direct in socket for burnouts and 
opens. Has neon bulb of proper sensitivity for check- 
ing shorts. This tube -tester is fused, and has the latest 
improved circuit. It provides for line adjustment from 
100 to 130 volts, with smooth vernier control. 

Model 305RC is distinguished for its beautiful ex- 
terior. It has a two-tone metal panel in red and black 
on a satin -finished background. Sockets and controls 
are symmetrically arranged for quick operation. The 
large, modern, fan -shaped instrument has an excep- 
tionally long scale. It has "good" and "bad" English 
markings, also a percentage scale for matching and 
comparing tubes. Cases, both portable!' and counter 
style, are made of strongly built hardwood, durably 
and beautifully finished. 

Size, 11"x11"x6". Wt. 10 lbs. Shipping wt., 15 lbs. 

Dealer's net price, portable or counter model $59.50 
For 60 cycle 115 volt current only. 

For 220 volt or 60 cycle, add 7.50 

Standard Model 305, with book -type speed chart 49.50 

Counter Model 305RC. Same instrument 
as portable model, but set in fine walnut 
finished hardwood case, with tilted, easy - 
to -use panel. 
}Finished hardwood cases are standard on port- 
able models. When these are not available, the 

instrument is housed in attractive simulated -leather 
covered case. 

SIMPSON ELECTRIC COMPANY 
5200-5218 W. Kinzie Street, Chicago 44, Illinois 

In Canada, Bach Simpson, Lfd., London, Ont. 
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 The Sorensen NOBATRON provides a new 
source of DC voltages regulated at currents pre- 
viously available only with batteries. 

Six standard NOBATRON models operate on a 
95-125 volt AC source of 50 to 60 cycles and pro- 
vide currents of 5, 10, and 15 amperes at output 
voltages of 6, 12, or 28. 

Ideally suited for critical applications where 
constant DC voltages and high currents are re- 
quired, the NOBATRON maintains a regulation 
accuracy of 1/2 of 1 %, RMS of 1 % and has a 
recovery time of 1/5 of a second. 

Investigate the many advantages of 
Sorensen regulators applied to your unit. 
Write today for your copy of the new com- 
plete Sorensen catalog. S -L. It is filled with 
schematic drawings, performance curves, 
photos, and contains in detail, "Principles 
of Operations." 

SOREnSEn & [omPnny, In[- 
STRDIFORD, [DRREETI[UT 

A LINE OF STANDARD REGULATORS FOR LOAD RANGES UP TO 30 KVA. 
SPECIAL UNITS DESIGNED TO FIT YOUR UNUSUAL APPLICATIONS. 

TUBES Al WORK (continued) 

diated power in excess of 25 kw. 
Later, a 50 -kw will be installed for 
400 -kw effective power. 

Reports of consistent service 
have been received from St. Cloud, 
60 miles from the transmitter. 
Rochester, 78 miles and St. Peter, 
58 miles, all in Minnesota, and 
Grantsburg, Wisconsin, 64 miles. 
Other reports from Little Falls, 80 
miles from Minneapolis and Duluth, 
130 miles distant, also reported 
noise -free reception at those dis- 
tances. 

Metallized Capacitor Data 
BECAUSE OF the interest shown by 
radio engineers in the metallized 
paper capacitors using a vapor -de- 
posited zinc film developed in Ger- 
many, James Cornell of Solar Mfg. 
Corp. delivered a paper at the Ro- 
chester Fall Meeting that presented 
a picture of American developments 
in this field and supplied data with 
which design engineers may apply 
metallized paper capacitors to their 
circuit requirements. 

Solite capacitors, the pioneer 
metallized paper units made avail- 
able in this country, are fixed ca- 
pacitors in which pure aluminum 
electrodes have been applied to the 
dielectric by means of a high - 
vacuum vaporization process. The 
resultant capacitors are not only 
considerably reduced in size but are 
also self -healing. 

Standard impregnated paper ca- 
pacitors consist basically of wind- 
ings of two 0.00035 -inch metallic 
foils separated by a minimum of 
two or more plies of Kraft capaci- 
tor tissue. The multiple -ply dielec- 
tric is employed so that there will 
be little chance of failure from me- 
tallic particles or weak spots in the 
tissue. 

Self -healing 
In the Solite capacitors there is 

no foil. Instead, the capacitor elec- 
trodes are 25 to 100 millicron thick 
metallic coatings deposited on the 
paper. This thin film has the prop- 
erty of self -healing, permitting the 
use of a single -sheet dielectric. Dur- 
ing the course of processing metal- 
lized paper, metal inclusions in the 
paper and weak spots in the tissue 
are removed, allowing the single 
tissue to be worked at its maximum 
electrical stress. For working volt - 
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-sea 
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saver... d 
Because It IS a one -coat finish, requiring no primer ... because it covers 

Imperfections in castings and weldments with just ONE coat . . . Wrinkle is the 

PREFERRED finish with cost -wise management. 

Wrinkle saves hours in the finishing department, makes dollars in 

production profits, whether on the Henry W. Dietert Company Ddatometer 

(weighing 3,500 pounds) or on the few ounces of Electric Motor 

Corporation's fractional horsepower motor shell. 

It's wise to economize with WRINKLE. 

Your friends in the more than 200 licensed manufacturing 

outlets foz Wrinkle one -coat finishes will be glad to show you 

how to save hours, make dollars, with Wrinkle. 

New Wrinkle, Inc., 

137 N. Perry St., Dayton 2, Ohio 

NEW WRINKLE, INC. 
137 N. Perry SI. Dayton 2, Ohio 

Please tell ne about the application of 
Wrinkle coatings on 

Nome Title 

Company 

Street 

City 7one State 

EL 

J 
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Basic testing . spotting t h e 
"bugs" of stress and strain . fos- 
ters bettered products and lowered 
costs in your new postwar lines. All- 
Americans have uniform accelera- 
tion -deceleration, besides control at 
fixed cycles of vibration. An inspec- 
tion and research favorite. Write for 
Catalog F. 

IO to 55 cycles per second, 
automatic with automatic ac- 
celeration and deceleration. 
10 to 60 cps, manually. 

QUICK 
DELIVERY! 

SHOWING 

MODEL 100VA 

VERTICAL 
ACTION 

600 to 3,300 
vibrations per 

minute 
automatically 

Load capacity 100 lbs.; other 
models 10 to 25 lbs. capacity. 
8 models to choose from. 

ALL AMERICAN 
Tool & Manufacturing Co. 
1014 Fullerton Ave., Chicago (14) 

SPECIAL SOLDERING GUN 

ADVANTAGES 

TIP STAYS TINNED 

NO BURNING 

SEE WHERE 

YOU SOLDER 

SOLDER AROUND 
CORNERS 

Service and maintenance men 
can save time by the fast heat- 
ing of the Soldering Gun. By use 
of the new induction principle, 5 second 
soldering heat is supplied from a light weight 
built-in transformer. 
The loop type tip gives you other advantages that are im- 
portant in soldering. Good balance with weight close to 
your hand makes it easier to use. The narrow rip gets in 
between a lot of wiring with ease. Connections can be 
made without burning insulation. The tip can be formed 
readily to work in tight places. 
See your radio parts distributor for a demonstration, or 
write direct for descriptive bulletin. 

* 100 Watts 115 Volts 60 Cycles 

* Intermittent Operation With Trigger Switch 
* Can't Overheat or Burn. Out 
* Impact Resisting Case 

* Handle Stays Cool 
* Good Balance-Weight Close To Hand 

806 Packer Street 

WELLER MFG. CO. Easton, Pa. 
Export Dept. -25 Warren Street, New York 7, N. Y. 

In Canada-Atlas Radio Corp., Ltd., 560 Ring Street N. W., Toronto, Ont, 

4 
ELECTRICAL 

PAPERS 

11/ 
-ANAdleP 

Td Ei 

Rfed 

Electrical Papers, custom 
made to meet nearly any 
specification, are just one 

of the many papers made 
by Central for Industrial 
use. 

Paper, scientifically treated, 
can improve product de- 
sign and function, increase 
production and lower costs. 
Let our laboratories analyze 
your problem. 

REG. U. S. 

FREE BOOK 

Contains data 

on Electrical 
Paper proper- 

ties and a 

wide variety 
of samples. 

Pilz 

d, 

PAT. OFF. 

CENTRAL PAPER COMPANY 
INCORPORATED 

2440 LAKESHORE DRIVE, MUSKEGON, MICH 

OFFICES IN 

BOSTON. NEW YORK. BALTIMORE. BUFFALO. CLEVELAND. 

CINCINNATI, DETROIT, CHICAGO. ST.LOUIS, SAN FRANCISCO 
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i / i/ 
LOUDSPEAKER EQUIPMENT 

eu,a,z44.«44,4kei4 
ALTEI MING 

egjie monitoring speakers you choose today may decide your place in 

broadcasting circles for the next ten years. Your choice is as important 
as that! These Altec Lansing speakers, which we recommend for specific 

locations in your station, will not only keep you ahead of competition 
today, but prepare you for the technical advancements to come. You 

can't "do better than Altec Lansing loudspeaker equipment. 

recommended for: CONTROL ROOM AND OWNER'S OFFICE 

The people who carry the responsibility for a station's 
reputation must have a speaker of Duplex caliber for 
critical listtening. This famous two-way multi -cellular 
Duplex is unequalled by any speaker at any price. 

tzeald 603 Uia=Wone 
rotoaawended for: RECEPTION AND AUDIENCE VIEWING ROOM 

In less critical locations, this I5 -inch Dia -Cone provides 
superior performance at lower -than -planned investment. 
The multi -cellular construction makes possible wide angle 
coverage for large audiences. 

See your dealer or write 
us for further information. 

1161 N. Vine St., Hollywood 38, Calif. 
250 W. 57th St., N.Y. 19, N.V. 

"K EEP ADVANCING 

e/14del 600 qia-Wane 
for: AUXILIARY SPEAKER IN MISCELLANEOUS LOCATIONS 

A small scale edition of the Altec Lansing quality you 
find in more expensive models, both the 600 and 603 
incorporate the Dia -Cone principle of driving separate 
high and low frequency diaphragms from a single 3" 
voice coil of edgewise wound aluminum ribbon. 

WITH 

CARINETRY: This distinctive ma- 
hagony floor cabinet is ideal for 
owner's office and reception room. 
We recommend ,t for its impres- 
sive appearance. Wall and utility 
cabinets are also available. 

A LTEC LANSING" 
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_ 
tñ ow 'moisture absorption 
help solve your problem? 

Indicated are typical coil forms used in communication 
and radio circuits where low moisture absorption is a 
vital factor. Supplied by FRANKLIN LAMITEX completely 
punched and threaded. 

FRANKLIN LAMITEX and VULCANIZED FIBRE 
. . . In Sheets, Rods and Tubes, Fabricated or Molded Parts 
Low moisture absorption is only one of many advantages you get when 
FRANKLIN's LAMITEX is specified for your job. This versatile material 
is highly machineable, or if you lack the proper facilities we will 
fabricate the parts for you. Both LAMITEX and FIBRE can be drilled, 
tapped, turned, threaded, punched, shaved, bored, reamed, sawed, 
milled or completely fabricated into automatic screw machine parts. 

Check these FRANKLIN LAMITEX characteristics 
High dielectric strength 
Low power factor 
Low moisture absorption 
Remarkable dimensional stability 
High mechanical strength 
Low co -efficient of thermal expansion 
Low in weight (about half that of aluminum) 
Unaffected by solvents and oils 
Unaffected by most organic acids, dilute 

mineral acids or salt solutions 
Send for catalog containing complete data. 

FIBRE 

HARD 

VULCANIZED 

RANKLIN 

FRANKLIN FIBRE-LAMITEX CORP. 
WILMINGTON, DEL. . 187 LAFAYETTE ST., NEW YORK 13 BA 

TUBES AT WORK (continued) 

age ratings above 200, multiple 
layer or interleaved constructions 
are used. 

The metallized paper capacitor 
will not break down at its rated 
working voltage until a weak spot 
develops in the dielectric. If this 
happens, the resulting arc dis- 
charge through the paper removes 
the weak spot and vaporizes the 
aluminum film around the weak 
spot, clearing the fault. The alumi- 
num is redeposited as aluminum 
oxide, an excellent insulating mate- 
rial, and the capacitor has healed 
itself. 

In addition to the space -saving 
feature, the weight of a Solite 
capacitor is only I to á of the con- 
ventional design when using alu- 
minum foil. Lead foil capacitors, 
preferred by some manufacturers, 
are still heavier. 

Test Voltage 

A breakdown test of two to three 
times rated working voltage has 
been considered standard for small 
capacitors of conventional design 
but this does not hold for metallized 
paper units where the test voltage 
must be restricted to 1.5 times the 
working voltage. By taking full ad- 
vantage of the self -healing prop- 
erties, the working voltage stress 
has been safely increased since the 
removal of the incipient faults in 
the dielectric has made the insula- 
tion more reliable. This accounts 
for the smaller spread between test 
and working voltage. 

If a direct voltage is applied to a 
metallized paper capacitor and an 
oscillograph is used for detecting 
voltage breakdown, occasional 
breakdowns of weak spots in the 
dielectric paper will show as the 
test potential is increased. In time 
these incipient faults clear and 
there is no further indication of 
spark discharge. 

As the test voltage approaches 
the dielectric strength of the Kraft 
tissue, the oscilloscope shows a 
rapid increase in the number of 
spark discharges. If the capacitor 
is subjected to a voltage close to its 
ultimate breakdown voltage or to 
its sparking voltage (lowest applied 
voltage which will cause continuous 
self -healing action), the metallic 
coating would rapidly deteriorate 
as minute areas of film would be 
taken out by each discharge, until 
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The new 6816 

AMPLIFIER 

PENTODE 

Actual Site 

"Joe, I see that TUNG-SOL 
have brought out their new Am- 
plifier Pentode, the 6BJ6, in min- 
iature. It's an all purpose radio or 
intermediate amplifier with re- 
mote cut-off control characteris- 
tic. It's rugged and reliable ... far 
beyond that you would expect in 
a 6.3 volt, 150 milliampere heater. 

"The Economy of heater power 
can be very useful in a lot of ways. 
For instance, you can replace the 
12BA6 i. f. amplifier in a five tube 
AC/DC receiver with one 6BJ6 
and then you can use another to 
get the advantages of an input r. f. 
amplifier. And performance .. . 

the 3850 umhos transconductance 
of the 6BJ6 gives more gain than 
you ordinarily need in either a 
tuned or un -tuned amplifier. Now 
let's look ahead. The 6BJ6 
can very well be the solu- 

*4./ pi;Jeiw:iaws- did Atiniatte 7444- 

tion to AC/DC operation in FM 
receivers. It not only permits 
more tubes in a series operated 
heater string, its merit factor at 
the higher frequencies stands 
comparison with that of other 
popular -priced tubes. Thorough 
internal shielding, total imput 
and output capacitances of less 
than 10 uuf, extremely low grid - 
plate coupling capacitance, and 
the inherent low lead inductance 
of the miniature structure all re- 
sult in extremely stable gain to 
well above 100 MC. With AVC, 
an un -bypassed cathode resist- 
ance of 82 ohms provides ade- 

quate stability of input imped- 
ance. 

"The 6BJ6 is a 'natural', too, for 
mobile and aircraft communica- 
tions. The heater consumption is 
less than one watt per tube. This 
is important wherever the power 
source is a storage battery. In a 
multi -tube receiver or in the low 
power stages of a transmitter, 
power saving of about one watt 
per tube can be a deciding factor 
especially when you don't have 
to offer apologies as to perform- 
ance. 

"Joe, you should get in touch 
with a TUNG - SOL engineer 
when you are planning your new 
line. They will keep your secrets 
and give you the best possible 
advice about circuits and tell you 
what miniatures to use." 

TUNG-SOL LAMP WORKS, INC., NEW ARK 4, NEW JERSEY 
Sales Offices: Atlanta Chicago Dallas Denver Detroit Los Angeles New York 
Also Manufacturers of Miniature Incandescent Lamps, All -Glass Sealed Beam Headlight Lamps and Current Intermittors 
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THIS N01' THIS 

Man, Here's Comfort 

for EARS! 

That's right, mister. The 
Telex MONOSET re- 
places hot, headache -y, 
old-style headphones 
wherever comfortable 
hearing is needed. Worn 
under the chin, the 
MONOSET eliminates 
head and ear fatigue. So 
for comfort for ears (your 
own or your customers) 
specify Telex MONOSET. 
Immediate delivery. 

Weighs only 1.3 oz. Fully adjust- 
able to all head sizes. Rugged Ten- 
ite construction. Removable plastic 
ear tips. Frequency response: 50 to 
3,000 c.p.s. Maximum sound pres- 
sure output: 300 to 400 dyns per 
sq. cent. Available in two imped- 
ances: 128 and 2,000 ohms. 

Complete with light plastic 
cord and standard phone plug. 

USERS: Electrical transcrib- 
ing machines. Program dis- 
tribution systems. Commer- 
cial aircraft operations. RR 
inter -communication sys- 
tems. Laboratory testing 
equipment. Wired music 
systems. Radio station oper- 
ations. Radio "hams" and 
engineers. 

Write to Department H for information 
and quotations. 

"Hearing At Its Best" TELEXiNc. 
Canadian Distributors: Addison Industries, Ltd.,Toronto 

ELECTRO -ACOUSTIC DIVISION 
Minneapolis, Minn. 

... are the answer 
to any network problem 

SHARP CUT-OFF 

LOW INSERTION LOSS 

HUM PROOF 

COMPACT 

HIGH STABILITY 

Toroidal Coils 

Inductance-I MHY to 3 HYS 
Frequency -300 cy. to 30,000 cy. 
"Q"-55 at 1000 cy.; 150 at 3000 cy. 

Ask to be put on mailing list For cuumplete 
catalogue o( coils and filters. 

/344,1~21 ea. 

0 

-10 

-40 o 
(V Cu 

S 105 WrDEBAND FILTER 

OLf, o to oin O a 
- - - CV (V 

% OF CENTER FREQ. 

Actual measurements talon on 

Toroidal Coil Filter manufoct,;,ed 
by Bernell & Co. 

Designers and Manufacturers 
of Electronic Products 

10-12 VAN CORTLANDT AVE. EAST, BRONX 58, N. Y., SEdgwick 3.1593 
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W hat nett kind of world 
are our scientists building? 

Now ... leading men of 
science tell you- 

HOW THE NEW 
SCIENTIFIC 

DISCOVERIES 
are reshaping 
our lives 

A revealing picture of 
what famed scientists 
reported at the 

GEORGE WESTINGHOUSE 

CENTENNIAL FORUM 

What peacetime uses are possible for atomic 
energy! How far have we progressed in under- 
standing the "manufacturing process" of plants! 
What are the peacetime implications of biological 
warfare! What are the new frontiers in the field 
of communications? Can scientific proçress insure 
us against aggression and depression! 

YOU get enlightening, factual answers 
to these and similarly vital questions of 

our times from this set of new books. In 
them some of the greatest minds in the 
scientific world draw upon today's vast 
fund of scientific achievements-with which 
they are intimately associated-to give a 
broad, absorbing account of our progress 
in science and its impact upon our lives 
and future. 

Just Published 

SCIENCE AND LIFE 
IN THE WORLD 

A collection of significant papers presented at the 
George Westinghouse Centennial Forum, which 
was held under the sponsorship of the Westing- 
house Educational Foundation. 

3 volumes, boxed, 620 pages, illustrated, $7.50 
Here for the first time is a series of informative 
reports on the significance of our tremendous 
scientific advancement made up through World 
War II. Recently presented at the George West- 
inghouse Centennial Forum, they reflect the bril- 
liant thinking of this country's outstanding men 
of science. Now reported word-for-word in these 
three volumes, they bring you a sweeping survey 
of current scientific knowledge and show you new 
horizons in scientific research and development. 

5 major sections cover 
Science and Civilization 
The Future of Atomic Energy 
Transportation-A Measurement 

of Civilization 
Light, Life and Man 
A Challenge to the World 

McGraw-Hill Book Co., 
330 W. 42nd St.. N.Y.C. 18 

Send ne the Westinghouse Centennial Forum reports- 
Science and Life in the World, 3 volumes, for 10 days' 
examination on approval. In 10 days I will send you 
z7.50 plus few cents postage, or return hook postpaid. 
IWe say postage on cash orders.) 

EXAMINE 
10 DAYS 

FREE 

Name 

Adders 

city and Slate 

Company 

Position L-3-47 
For Canadian price, write: Embassy Book Co., 

12 Richmond Street E., Toronto 1 
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WHAT ARE Z/. QUESTIONS 
About Electrical Insulating Materials? 
You're building a good product-but want to make it better ... you 
want to improve its electrical characteristics ... improve its overall 
performance. Among 38 grades of the 6 C -D non-metallics, there is a 
grade that will do the trick. But, the question is, which one possesses 
the properties you require. 

To give you such information, C -D technicians have put together 
valuable engineering data in the new GF -46 Bulletin. It tells you all 
you need to know about how to select and apply non-metallics for 
most efficient electrical insulating purposes. Send for it today. 

ouggsso 

:. .d P--" 
%r ««- 

;...,... ^" d..-' wa 
W.. amv d . CA e 

p. «WA. I. 

Bulletin GF -46 
Gives You Such Basic Information as: 

Physical Properties 
Electrical Properties 

Composition of Material 

Recommended Uses 
Grades, Types and Sizes 
Fabrication Information 

If your need for help on insulation problems is urgent, phone or 
wire our nearest office and a C -D technician will be around to see 
you-quickly. 

D-1-47 

cON(1NEttt w. 

a 

i6 

C -D NON-METALLIC 
PRODUCTS 

DILECTO -Thermosetting Laminated Plastics. 

CELORON-A Molded Phenolic Plastic. 

DILECTENE-A Pure Resin Plastic Especially Suited to 

U -H -F Insulation. 

HAVEG-Plastic Chemical Equipment, Pipe, Valves 
and Fittings. 

DIAMOND Vulcanized FIBRE. 

VULCOID-Resin Impregnated Vulcanized Fibre. 

MICABOND-Built-up Mica Electrical Insulation. 

STANDARD & SPECIAL FORMS 

Available in Standard Sheets, Rods and Tubes; and 
Parts Fabricated, Formed or Molded to Specifications. 

DESCRIPTIVE LITERATURE 

Bulletin GF gives Comprehensive Data on all C -D 

Products. Catalogs are also available. 

BRANCH OFFICES: NEW YORK 17 CLEVELAND 14 CHICAGO 11 SPARTANBURG, S. C. SALES OFFICES IN PRINCIPAL CITIES 

WEST COAST REPRESENTATIVES: MARWOOD LTD., SAN FRANCISCO 3 IN CANADA: DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8 

Gowirinfflzia / FIBRE C O M P A N Y 

Established 1d95..Manufa-tur.r. ,f lamincted Plastics since 1911-;:NE\l'.ahlii Ili DELAWARE 
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RADIO STATION-£TANDBY 

r1 
.1:1032i -r' 

OBILE UNIT ' a 
JJJ 

MOBILE RADIO UNITS 

GEOPHYSICAL SURVEY 

MUNICIPAL SIGNAL STANDBY 

RAILROAD RADIO 

"SPOT" RECORDING 

AèCac. 
POWER 

PORTABLE, STANDBY 

OR STATIONARY 
for 

Electronics Uses 

Onan Electric Plants are completely 
self-contained, dependable power units 
built in a wide range of sizes and stand- 
ard voltages. 

Lightweight, one or two -cylinder, air- 
cooled models offer the maximum in 
portability for many applications. Port- 
able A.C. models -350 to 3,000 watts; 
portable D.C. models -600 to 5,000 watts. 

Although widely used for intermit- 
tent service as standby units, Onan two, 
four, and six -cylinder water-cooled 
plants are built for continuous heavy- 
duty operation ... stationary or mobile. 
A.C. models -3 KW to 35 KW; D. C. 
models -3.5 KW to 10 KW. 

WRITE FOR FOLDER 

ONAN Electric Plants are available in many sises and 
models. ALTERNATING CURRENT: 350 to 35,000 watts in 
all standard voltages and frequencies. DIRECT CURRENT: 
600 to 10,000 watts, 115 and 230 volts. BATTERY 
CHARGERS: 500 to 3,500 watts; 6, 12, 24 and 32 volts. 

D. W. ONAN & SONS INC. 
3560 Royalston Ave. Minneapolis 5, Minn. 

TUBES AT WORK (continued) 

an appreciable area would be robbed 
from the winding. If the sparking 
voltage is applied long enough, the 
ultimate result would be complete 
self-destruction of the capacitor. 

Working Voltage 

By plotting the frequency of 
breakdowns as a function of the test 
voltage, it is possible to determine 
the sparking voltage and to set the 
rated working voltage at such a 
value that there will be negligible 
arcing or spark discharges in actual 
service. In rating Solite capaci- 
tors, the working voltage has been 
consequently set at about 60 per- 
cent of the sparking voltage under 
the worst conditions of operation. 

As the operating temperature of 
the capacitor under test is in- 
creased, the frequency of break- 
downs at a given test voltage is 
also increased. Consequently, it is 
necessary to de -rate the capacitor 
working voltage with an increase 
in operating temperatures. There- 
fore, two working voltage ratings 
are shown for Solite capacitors- 
room temperature w -v d -c and max- 
imum temperature w -v d -c. This 
latter rating must not be exceeded 
under service conditions. 

Power Factor 

Metallized paper capacitors show 
an extremely low power factor, both 
at 60 cycles and at 1,000 cycles, 
averaging about 0.3 percent at room 
temperature. The low value is due 
to the combination of a noninduc- 
tive winding, the short length of 
section inherent in metallized paper 
construction, and the use of hydro- 
carbon waxes or oils as the impreg- 
nating medium, coupled with the 
dry -assembly process of manufac- 
ture. The power factor loss attri- 
butable to the impregnant itself is 
the same regardless of whether foil - 
paper or metallized paper is used. 

In making life tests on metal- 
lized paper capacitors, protective 
resistors must be used in series 
with each test sample in order to 
limit discharge current. Otherwise, 
momentary arcing of a single ca- 
pacitor in a test bank will cause dis- 
charge through the fault of the 
entire stored energy in all other ca- 
pacitors in the bank. In this re- 
spect, the life testing arrangement 
for metallized paper capacitors re- 
sembles that for dry electrolytics. 
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INSTALLED IN RADIO RECEIVERS IN LESS THAN A YEAR 

-AIRLOOPS back panel and loop antenna in one unit 

It was less than a year ago that large scale 

production of AIRLOOPS began to feed 

radio set assembly lines and in this short 

time more than a million receivers, fitted with 

AIRLOOPS, went into service throughout 

the world. 

The enthusiastic acclaim and acceptance 

of the AIRLOOP is well earned. It has dem - 

FRANKLIN 

FRANKLIN 
43-20 34t 

onstrated that its many superior features 

improve set performance and lower the cost 

of radio assembly and manufacture. Time 

and use have proved the AIRLOOP the 

most significant post war development in 

radio components ... no set builder can 

afford to overlook the values AIRLOOPS 

contribute to set performance . 

flat sheets of copper die -stamped into perfect super 

sensitive loops . . . are air dielectric throughout . . . are 

lower in cost ... are back panel and loop in one unit .. . 

have high uniform "Q" over entire band ... have low dis- 

tributed capacity ... have 27°0 greater effective loop area 

... have electrical and mechanical stability ... increase set 

sensitivity . . . eliminate individual loop adjustment . . . 

eliminate haywire. 

AMIMIP IMMW 1111 
MIMI IIMMMII IMF IMMMir Y - -- - MI MI - 

MII/Mr - -_---- 
h ST. LONG 

CORPORATION 
ISLAND CITY 1, N. Y. 
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Wien o is needed ';jesterday" 

ZpecíFy Air Fxpess dertj 

Here's the fastest solution to the problem of supplies and 
parts that are "fresh out" - get them by Air Express. This 
super -speedy service places even the most distant supplier 
only hours from your business. 

Speeds up to five miles a minute now make coast -to -coast 
and overseas deliveries a routine affair for Air Express. 
And now it's a better value than ever before. The cost of 
shipping by speedy Air Express is low. 

specify Air Express -it's Good Business 
Low rates. Special pick-up and delivery at no extra cost. 
Direct by air to and from principal U. S. towns and cities. 
Air -rail to 23.000 off -airline communities. 
Direct air service to and from scores of foreign countries. 

Just phone your local Air Express Division, Railway Express 
Agency, for fast shipping action ... Write today for Air Express 
Rate Schedules containing helpful shipping aids. Address Air Express, 
230 Park Avenue, New York l7. Or ask for them at any Airline or 
Railway Express Office. Air Express Division, Railway Express 
Agency, representing the Airlines of the United States. 

Rates are low 
To Air Express a 10-1b. package 
1549 miles costs only $4.65! 
Heavier weights are similarly 
inexpensive. Investigate! 

INDUSTRIAL CONTROL 
(continued from p 142) 

,, , r yyxf, . 4C L' ('II'((} ,' 
u" qi'f, 4 r 

r'1,`i lr' mer . . tyL, h . .,; ,t Xx :' 
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By applying adhesive through a stencil 
prior to electrostatic treatment, a tufted 
material having a design such as shown 

above is formed 

means of which "Dotted Swiss" 
and embroidery effects were ob- 
tained. In making such decorated 
textiles, adhesive is applied with a 
stencil in the pattern desired, and 
the fibers are electrostatically pulled 
into the adhesive. The decorated 
material is then cured and the proc- 
ess is complete. The decorated fab- 
rics are able to withstand repeated 
laundering and drycleaning. The 
process is a development of Behr 
Manning Corp. of Troy, N. Y. 

A pile fabric that feels like vel- 
vet has also been developed. This 
has a backing of cloth, paper, or any 
other material put up in continuous 
sheet or web form, such as cello- 
phane, plastics, etc. To this backing 
a dense, even pile of fibers is ad- 
hesively anchored. Methods have 
been devised for patterning and em- 
bossing this material, and many ef- 
fects have been obtained which can- 
not be duplicated by conventional 
textile weaving machinery. 

Densities of 300,000 erect fibers 
per inch are obtained and standard 
wear tests show ratios of three to 
one in favor of electrostatically 
flocked materials. 

Fluorescent Lamp 
Delay Timer 
COMMERCIAL fluorescent lamp sizes 
as well as the standard germicidal 
lamps can be measured for starting 
lag with the circuit shown in the 
accompanying diagram. 

First the input voltage is ad - 
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FIBROUS GLASS TUBIN 

TURBO Fibrous Glass 
ubing in four grades- 

Single Saturated, 1200 

V; Double Dip, 2000 V; 

Triple Strength, 3500 V; 

Magneto Grade, 7000 V. 

ASK THE DESIGNER! He knows that glass stands near 
the top of the :ist of dielectrics which offer greatest resistance 
to heat, corrosion, flame, oxidation, rot and other deteriorants. 
Woven of sof=, flexible fibrous glass yarn, TURBO Glass 
Tubing is inherently an excellent insulator. Combined with 
TURBO varnish impregnants in the manufacturing process, 
it becomes an ideal material for exceptionally difficult appli- 
cations. Below are listed some of the other quality TURBO 
insulating materials extensively used in industry-: 

Saturated Sleeving 
An all purpose insulation for any but the higher dielectric ranges. Varnish impregnated cotton 
yarns. flexible, strong, resistant to acids and oils. Good moisture and flame resistance. Di 
electric breakdown -1200 V., per ASTM test. 

Number 18 and finer stranded and solid conductor with a sean less extruded plastic insulation. 

Plastic Insulated Wire e 

Surpassing dielectric properties. Resistant to oils, organi101v-rids, acids, alkalies and oxide 
;° e e 

-r 

fion. Minimum shrinkage and burning effects in soldering and patting. 

Varnished Tubing 

Mica & Mica Products 

A superior braided cotton insulation featuring saturation impregnation of flexible varnishes. 
Strong, flexible, non -peeling, non -cracking, moisture, oil, acid and flame resistant. Dielectric 
breakdowi ASTM test-Magneto grade -7000 V., Radio grade -4000 V. 

All forms-plate, block segments, films. Rigid control in all stcges-grading selection, abrita 
tion and testing insures uniformity and quality in finished proiucts. Meets oll tests involving 
physical cnd electrical stability. Specific sroblem-collaboration is invited. 

ILLIAM BRAND & COMPANY 
215 FOURTH AVE., NEW YORK 10, N.Y.- 325 W. HURON ST., CHICAGO 10, ILL. 
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NEW ELECTRIC CONNECTORS 

BY CANNON ELECTRIC 

TYPE NW" WATERPROOF CONNECTORS 

Type "W" Plugs coupled and standby 
(Waterproof Caps on buoy used in off- 
shore, undersea geophysical exploration 
by United Geophysical Company. 

PRESSURE -TESTED 

RECEPTACLE-Pin Insert assembly, 
showing special rubber sealing ring 
and Acme Thread. Shell material 
brass, nickel plated. 

PLUG-Type W16-1IS-21-1/4 
Two #12 Wires-socket insert 

PLUG-Type W16 -11P-22-1/4 
Two #12 Wires-pin insert 

This new "W" Series of heavy- 
duty, multi -contact connectors 
is designed for uses undersea, 
underground and where mois- 
ture or spray conditions require 
thoroughly sealed fittings. 
Available in three shell sizes 
based on "AN" insert sizes Nos. 
16, 22 and 36, with nearly 50 
insert -contact arrangements to 
pick from in the "AN" Series. 

TO 250 POUNDS 

RECEPTACLE-Socket Insert 
Assembly, with double flange con- 
struction. Insert No. 22-19 shown 
with 14 #16 contacts. 

For additional information, write Dept. C-120 for Bulletin W-126. 
Please specify "AN" Bulletin for insert information, if desired. 
Prices quoted on complete assemblies only from factory or Cannon 
Engineering Representatives located in principal U. S. A. cities. 

CANNON 
ELECTRIC 

CANNON ELECTRIC 
DEVELOPMENT COMPANY 

3209 Humboldt Street, Los Angeles 31, California 
Conada 3 British Empire-Cannon Electric Co., Ltd., Toronto, Ontario World Export 

Agents (excepting British Empire) Frazar & Hansen, 301 Clay St., San Francisco 11, Calif. 

INDUSTRIAL CONTROL (continued) 

justed to suit requirements of lamp 
under test. Then the switch is 
closed, energizing the clock clutch 
coil and the lamp ballast. When 
the test lamp does not light, no 
current will flow from the 917 
photocell through the grid resistor 
of the 6SC7 cathode follower. Con- 
sequently, the cathode follower 
draws a maximum of plate current, 
and the 6A3 triode is thus made 
positive. Low plate to cathode re- 
sistance of the 6A3 permits opera- 
tion of the clock clutch. 

917 

+170V 

6SC7 

100,000 

-170V 

LAMP BALLAST 
BLACK LEAD-, 

CLOCK 
CLUTCH 

LAMP 
BALLAST 
WHITE 
LEAD - 

6A3 

+170V 

115V A -G 

Circuit of phototube relay for time lag 
measurement 

When the test lamp lights, 
current through the 917 photocell 
causes the grid of the 6SC7 to be- 
come negative, reducing the plate 
current. Since the 100,000 -ohm 
cathode resistor will then have less 
voltage drop, the 6SC7 cathode be- 
comes negative with respect to 
ground. The grid of the 6A3 
connected to this cathode will be 
cut off and clock clutch will drop. 

The operating current of the 
clock clutch coil ranges from 40 to 
50 milliamperes and is easily 
handled by the 6A3 tube. Use of 
the cathode -follower circuit per- 
mits the use of high series resist- 
ance in the phototube circuit for 
high sensitivity and convenient 
cable length between the phototube 
and the 6A3. The circuit is sug- 
gested by Trevor Temple of Syl- 
vania Electric Products. The pho- 
totube selected should be sensitive 
to radiation characteristic of lamp 
being tested. The cathode follower 
may be any high mu, low plate cur- 
rent triode. The output tube should 
be capable of supplying relatively 
large plate current at nominal 
plate voltages. A large input 
resistor to the cathode follower 

186 March, 1947 - ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


FOR POWER CONVERSION AC to DC 

WRITE FOR BOOKLET-This 12 -page illustrated 

booklet gives electrical data and prices on Federal's 

complete line of standard Selenium Rectifier Equip- 

ments. Whatever your D -C needs, you'll find a Federal 

rectifier that's designed for the job. This booklet is 

yours for the asking. Write for your copy of BulletinE713. 

iies 

industrial 

Power Supe 
es 

".. 
r'p...a^` 

supplies 

Specify Federal's Standard 
Rectifier Equipments 

Central Station Battery Chargers 

-^ ,,:à'. 

WHEN YOU NEED D -C from an A -C source, consider the time - and money- 
saving advantages of Federal Selenium Rectifiers. They operate silently, 

without tubes or moving parts which require frequent replacement. They're rug- 
gedly constructed to withstand shock and vibration. Service life is practically 
unlimited, with almost no attention or maintenance. And they run cooler, too 
-start instantly when the power is turned on. 

The Selenium Rectifier is an IT&T development, pioneered and perfected in 
this country by Federal. And Federal rectifiers have given years of outstanding 
service with all types of equipment in all branches of industry - every unit 
backed by many years of experience in design and manufacture. 

Made by America's Largest and Oldest Manufacturer of Selenium Rectifiers! 

Industrial 
Truck 

C hargers 

Poe 

NEW48 -plate Federal Selenium 
Rectifier provides more power out- 
put in less space than any previous 
unit of its type. 

Federal Telephone and Radio C'orporal/oîi 
In Canada:-Federal Electric Manufacturing Company, Ltd. Montreal. 

Export Distributors:-International Standard Electric Corp. 67 Broad St., N. Y. C. 

Newark I, 
New Jersey 
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THE BALLANTINE 

ELECTRON/C 
AC VOLTMETER 

100 Times more 
Sensitive than 
Conventional 
Models tO 

12 !q 

DECIBELS 

since 1935 

featurilng y LTM 

LOGa simplified 
ARnT HMIVOC 

SCALE 

the 

Model 300 Sensitive Electronic Voltmeter-a val- 
uable laboratory or production line instrument 
-highly accurate-stable calibration-capable 
of reading down to 1 millivolt and up to 100 volts 
over a wide frequency range with an overall 
accuracy of 2%. Single logarithmic scale makes 
readings especially easy. Unaffected by changes 
in line voltage or by tube replacement. Can be 
used as a high gain (70 DB) amplifier - fre- 
quency range flat from 10 to 150,000 cycles. 

Send for Bulletin. Ill 

BOONTON, NEW JERSEY, U. S. A. 

INDUSTRIAL CONTROL (continued) 

may be used, particularly if avail- 
able radiation is small. The value 
of the cathode resistor is not 
critical, but it should not exceed 0.5 
megohm. Adjustment of clock 
clutches may be required, since, as 
they are supplied, there is a wide 
range in the values of pull -in 
current. 

First Factory F -M 
Radiophone 
FIRST INDUSTRIAL plant authorized 
by the FCC to use two-way radio- 
phone is that of the Haskell and 
Barker freight car plant of Pull- 
man -Standard Car Manufacturing 
Company. The installation consists 
of a Motorola central station and 
six mobile sets. Four receiver - 
transmitters are located in 45 -ton 
diesel switch engines, while two 
more have been installed in loco- 
motive cranes, used to unload mate- 
rials at production lines or to per- 
form routine maintenance. The 
central control station is housed in 
a special sound -proof room in the 
scale house of the plant. 

The switch engines and cranes 
are used on more than 22 miles of 
criss-crossed track that traverse 
the 80 -odd acres occupied by the 
big Haskell & Barker plant. In the 
past, where and when this equip- 
ment would be needed and used 
made work schedules a difficult 
problem. When emergencies arose, 
it took the yardmaster an hour or 
more to locate an engine or crane 
and get it where it was needed, 
wasting many man hours on the 

Manufacture of freight cars is speeded up 
by Motorola two-way f -m radio equip- 
ment at Pullman -Standard Car. Yard 
cranes and locomotives used to unload 
materials at production lines are controlled 

from a central station 
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36 TRUARC rings reduce weight, eliminate parts 

in complex radar aircraft antenna! 

Waldes Truarc Retaining Rings 

cut machining, assembly, maintenance time 

Tiny rings easily installed keep 
link pins in position, are easily 
removed for maintenance. 

Truarc snaps in place easily as 

a ball -bearing retainer, allows 
use of shorter bushing. 

é 

Gears stay secure: Truarc saves 

space in this gear and worm 
application. 

"TRUARC NOT ONLY REDUCES WEIGHT IN 

OUR APS-4 AIRCRAFT ANTENNA," states Dalmo- 

Victor, of San Carlos, California, "but also saves 
numerous machining, drilling and threading opera- 

tions and reduces assembly and maintenance time. 

Waldes Truarc Retaining Rings are easy to install 

and remove, give equal pressure over a continuous 
surface because of their perfect circularity, and 

eliminate large numbers of tools hitherto required. 

WALDES 

Courtesy of Dalmo-Victor 

Assembly in cramped space with 
practically no clearance is sim- 
plified with Truarc ring. 

They do not deteriorate under the most rigorous 

operating conditions." 
Wherever permanent maintenance of tolerance 

is important, Truarc rings keep moving parts in 

accurate relationship. In all industries, designers 
find Truarc a better way of fastening machine parts; 
production and maintenance men find Truarc cuts 
costs. Send us your drawings; Waldes Truarc engi- 
neers will be glad to show how Truarc can help you. 

Send for New Truarc booklet, 
"New Development In Retaining Rings" 

TRUARC 
RETAINING RINGS 

WAtDES KOHINOOR, INC., Long Island City 1, New York L. 

Waldes Kohinoor, Inc., 47-10 Austel Place 
Long Island City 1, N. Y. 

Please send booklet, "New Development In Re- 
taining Rings" to: 

18-r. 

Name 

Title 

Company 

Business Address 

City Zone State 
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Compact installation of Kinney Compound High Vacuum 
Pumps used to back diffusion pumps in the manufacture of 
ultra high frequency tubes at Raytheon Mfg. Co., Waltham, 
Mass. 

IN A SMALL SPACE 
The compact design of Kinney High Vacuum Pumps enables 
them to be grouped closely with auxiliary equipment . 

shortens pipe lines . . . saves valuable floor space. Kinney 
Pumps are self-contained units, easily installed. Having auto- 
matic lubrication and oil sealing, they produce high vacuums 
indefinitely with minimum attention. 
The faster pump down and lower ultimate pressures of Kinney 
High Vacuum Pumps shorten production time and cut costs in 
vacuum processing-exhausting lamps and tubes, sintering alloy 
metals, coating lenses, producing drugs, etc. Kinney Single 
Stage Vacuum Pumps produce low absolute pressures to 10 
microns; Compound Pumps to 0.5 micron. 

Write for Bulletin V-45. 

KINNEY MANUFACTURING COMPANY 
3565 Washington Street Boston 30, Mass. 

New York Chicago Philadelphia Los Angeles San Francisco 
FOREIGN REPRESENTATIVES 

General Engineering Co. (Radcliffe) Ltd., Station Works, Bury Road, Radcliffe, 
Lancashire, England 

Horrocks, Roxburgh Pty. Ltd. Melbourne, C. I. Australia 
W. S. Thomas & Taylor 

Pty., 
Ltd., Johannesburg, Union of South Africa 

KIN- EWe 
ttfw'manufacure tiq id Pumps, Clutches and Bituminous Distributors. 

INDUSTRIAL CONTROL (continued) 

production line. With radio equip- 
ment, the yardmaster keeps track 
of every locomotive and crane and 
directs it in a matter of seconds. 

The equipment is frequency mod- 
ulated and operates in the new 152- 
162 -megacycle band. Solid ground - 
wave coverage within the operating 
area of the plant is expected. The 
diesel locomotive installations use 
a generator connected directly to 
the engine, which operates a stand- 
ard battery system, supplying 
power for the radio. Steam cranes 
have a six -volt gasoline driven 
generator supplying the power. 

Ultrasonics, A New Tool 
THE EARLIEST study of ultrasonic 
vibrations is credited to the Ger- 
man, Koenig, who produced tuning 
forks in 1876 capable of 90,000 vi- 
brations per second. The Galton 
whistle developed by Edelmann pro- 
duced 100,000 vibrations per second 
by means of air forced into a cylin- 
der with a movable piston. 

Magnetostriction was discovered 
by Joule when he found that a 
magnetized bar, brought into a 
magnetic field, changed in length 
and, if the changes were rapid, the 
bar would emit waves of high fre- 
quencies. 

Chief difficulty in the study of 
these high -frequency waves was the 
problem of a suitable generator. 
Before World War II, ultrasonic 
generators were available to Ger- 
man manufacturers but these were 
very expensive, difficult to obtain, 
and were unsuited for general use. 
One of the first practical ultrasonic 
generators available was perfected 
by Langevin, who developed the 
submarine detector. The piezoelec- 
tric method originated with the 
Curie brothers in 1880. 

A wide -spread inquiry into the 
principles of ultrasonics has been 
undertaken by many laboratories 
and a considerable amount of ob- 
served ultrasonic phenomena has 
indicated a large variety of indus- 
trial and other applications. Many 
industrial laboratories are unaware 
of what others in the same fields of 
research are achieving and to help 
disseminate useful information, 
some of the phenomena reported by 
Televiso Products Company are 
given below. 

Immiscible liquids, such as water 
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Because the makers of EL -MEN CO Capacitors have always in- 

sisted on quality at any cost, the name EL -MEN CO is now recog- 

nized as the identification mark of leadership. 

EL-MENCO Capacitors- Molded Mica -Mica Trimmer. We 

are bending every effort to satisfy all manufacturers who want these 

quality products. Send us your specifications and we will do our 

level best to supply you. 

THE ELECTRO MOTIVE MFG. CO., Inc. Willimantic, Conn. 

Our new catalogue 
for manufacturers 
and engineers is 
now available . . . 

send for your copy. J 

nicate direct with our Export 
Department at Willimantic, 
Conn. for information. 

MICA MICA TRIMMER 

Foreign Radio and Electronic Manufacturers commu- 

MOLDED CAPACITORS 
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Bevels, 

Kelicals, s 
Worm 

SPUrs, Racks, Worms, 
Complete 

Sprockets, 
Come 

Thread Grind:mg, 
Gears, Gear 

Trains. 

Precision -made gears in 
standard and special tooth 
forms, from any kind of 
material, made to meet your 
requirements. Gears for 

Beaver engineers k. Th men w d electrical devices, instru- sign or redesign a 
a 
gearwor to meet 

ese 
perforemanceill and 

cost specifications. ments, apparatus, and other 
mechanical movements. Precision grinding of worms and 
threads. Highly specialized production methods and inspection 
equipment insure gears made to exact specifications. Send us 
your blueprints for estimate. 

Write Today for this 
FREE BULLETIN 

Complete information on Beaver Gear facil- 
ities and methods ... views of various oper- 
ations, and illustrations of gears produced to 
the exact specifications of various customers. 

8eapzeiz 
- y, d.... 

.... 

-ea II/ ßic. 
1021 PARMELE STREET, ROCKFORD, ILLINOIS 

INDUSTRIAL CONTROL (continued) 

and oil, or water and mercury, can 
be transformed into stable emul- 
sions by treatment with intense 
ultrasonic waves. Experiments re- 
veal that absorbed gases have a 
stabilizing effect in water -mercury 
emulsions thus produced. At fre- 
quencies between 300 and 400 kilo- 
cycles, very fine emulsions of mer- 
cury, tin, sulphur, copper, lead, bis- 
muth, silver, and paraffins can be 
produced in water. 

Fine Grain Film 
The action of ultrasonics on 

photographic emulsions improves 
the stability and increases the re- 
solving power and sensibility of 
the film. The injurious grouping of 
grains in the photographic emul- 
sion is not only prevented by ultra- 
sonics, but when present is even 
abolished. Thus, this application 
may result in finer -grain film as 
well as in increasing the speed of 
present-day film. 

Considerable promise lies in the 
application of ultrasonics to the 
manufacture of catalytic agents. 
Several effects have been observed 
in the ultrasonic dispersions of 
metals in liquids. If a cathode is 
subjected to ultrasonic waves dur- 
ing electrolysis, the deposited metal 
is flung out into the liquid in a dis- 
persed form at high speed. Practi- 
cally all metals which can be sepa- 
rated by electrolysis can be dis- 
persed in this way and the degree 
of dispersion can be controlled by 
the power of the ultrasonic waves, 
the electrode material, and the 
cathode surface. 

Oxidation 
Chemical effects of ultrasonics 

may be accompanied by a slight 
heating effect yet reactions are pro- 
duced which cannot be duplicated 
by heat. Strong oxidation reactions, 
for example, are produced by ultra- 
sonics in an aqueous solution of 
carbon tetrachloride in the presence 
of potassium iodide and starch. The 
blue color of the starch. appears im- 
mediately. Unstable substances 
such as nitrogen tri -iodide (NIs) 
will explode when subjected to the 
ultrasonic waves. 

Highly polymerized molecules 
can be split up at around 700 kilo- 
cycles. Starch can be transformed 
into dextrine, and substances like 
gelatin and gum can be decomposed. 
It is possible that ultrasonics can 
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A new Electrical Tape that is 

simplifying the manufacture and 
maintenance of Electrical Equipment 

SCOTCH t2ked TAPE 
WITH VINYL PLASTIC BACKING 

I 
.0, % 

WIRE. HARNESS 
BANDED WITH 

"SCOTCH" 
ELEC'11.1CAL 

TAPE WITH 

VINYL PLASTIC 
PACKING 

WIRES WRAPPED. WITH "SC OTCN" 
Ayo / 

VINYL PLASTIC ELECTRICAL 
TAPE AFTER 

SOLDERING 
CONNECTION 

VIM 

ScOTCH 
PLASTIC 

TAGE 
ELECTRICAL 

MouLOINPs 

"SCOTCH" 
VINYL 

PLASTIC TAPE 
:WIRE 

W INOOW 

CHANNEL 

A FAMOUS MAKER OF CONTROL INSTRUMENTS 

uses "SCOTCH" Electrical Tape with Vinyl Plastic 
Backing in place of string lacing to fasten wire 
harnesses. They band the harness every two inches 
with the tape, also at each place where a lead 
comes off. The new method saves time, makes a 

neater job, produces a more flexible cable. 

A GREAT RAILROAD SYSTEM 

uses "SCOTCH" Electrical Tape with Vinyl Plastic 
Backing in equipment maintenance. It takes the 
place of the rubber and friction tape combination 
in "over -stuffed" junction boxes. Another use is 

splicing wire to lighting fixtures to permit splice to 

fit easily into wire channel, replacing bulkier tapes. 

A MANUFACTURER OF BURGLAR ALARMS 

facilitates construction, minimizes upkeep and pro- 
motes uninterrupted efficiency of his equipment by 
using "SCOTCH" Electrical Tape with Vinyl Plastic 
Backing to protect soldered joints on windows, re- 
placing a tape that absorbed moisture and had a 

tendency to dry up and fall off, particularly after 
the window was washed. 

There are over thirty different types of "SCOTCH" Electrical 
Tapes, with backings and adhesives to cover an extremely 
wide range of electrical construction and repair requirements. 
Write for complete information. If you wish, a "SCOTCH" Tape 
engineer will call. 

"SCOTCH" is the registered trade -mark for the adhesive tapes 
made in U. S. A. by 

MINNESOTA MINING & MFG. COMPANY 
THE 3M COMPANY 

900 Fauquier Avenue SAINT PAUL 6, MINNESOTA 
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FREQUIY5T ec 
TEL 

SIMPLICITY plus DEPENDABILITY 
TYPE 216-5 KEYER CONVERTER 

CONVERTING OUTPUT OF FSK RECEIVER TO POLAR VOLTAGE 

Calibrated self contained MARK -SPACE 
frequency measuring circuit. 

Internal polar relay or adjustable polar 
voltage outputs. 

Capable of keying speeds of better 
than 500 WPM. 

New MARK -SPACE rejection circuits are 
utilized. 

TYPE 87-R RECEIVER 
SPECIFICALLY DESIGNED FOR 

Crystal controlled with channel change 
over by means of pretuned plug-in 
coil -crystal tray. 

Image rejection 70 DB at 4 MC and 
55 DB at 20 MC. 

20 DB signal to noise ratio at 1 micro- 
volt input. 

Adaptable for dual or triple diversity 
operation. 

FSK TELEGRAPH RECEPTION 

£T{ F fit 

TYPE 177-.T EXCITER 
FOR KEYING TRANSMITTERS BY FREQUENCY SHIFT METHOD 

Fully crystal controlled, provisions for 
3 frequencies. 

MARK and SPACE frequencies both ad- 
justable. 

Simplified and dependable operation. 

Easily adapted to existing equipment. 

Provides an effective 15 to 20 DB increase in circuit signal 
to noise ratio. 

Allows use of lower powered transmitters on radio tele- 
graph circuits. 

Extends hours of operation on existing circuits due to 
greatly improved signal to noise ratio. 

Makes automatic printer operation feasible. 

ERCO RADIO LABORATORIES 
GARDEN CITY, NEW YORK 

INDUSTRIAL CONTROL (continued) 

be employed in the refining of pe- 
troleum to accomplish the same re- 
sults now obtained by cracking. On 
tests using paraformaldehyde, a 
breaking -up action takes place. 

Melts, Gels 

The effect of ultrasonics on gels 
is of considerable value. Iron hy- 
droxides can be liquefied by ultra- 
sonic treatment, but no permanent 
change takes place in the gel. Ap- 
parently, the liquefaction of gels is 
caused by the creation of cavities 
and their collapse. The peptization 
of a gel in liquid is accelerated. 

Melts such as tin and aluminum 
solidify more rapidly when sub- 
jected to ultrasonics, and the struc- 
ture has a finer grain after such 
treatment. Considerable work in 
this field has been done in an effort 
to speed the nitrogen hardening of 
steel. 

Liquids can be degassed by ultra- 
sonics because the liquid expands 
under treatment, thus reducing the 
pressure and allowing the dissolved 
gas to emerge. A possible commer- 
cial application here is the produc- 
tion of fused metals free from gas 
inclusion. 

A coagulative effect has been no- 
ticed on aerosols. Since substances 
such as dust, smoke, mist, etc., are 
merely dispersed solids or liquids in 
a finely divided state in a gas, this 
application of ultrasonics may 
achieve the smokeless city. 

Organic Matter 

Reminiscent of so-called death 
rays, small fish and frogs are killed 
instantly by supersonic exposure. 
In a physiological salt solution, red 
corpuscles are quickly destroyed. 
Effects on bacteria are inconsistent 
to date-in some cases a diminu- 
tion in virulence occurs and in oth- 
ers an increase is observed. 

Experiments in the sterilization 
of canned foods, liquids, and dry 
cereals have achieved complete re- 
sults in many instances. Another 
food application of ultrasonics lies 
in its use as a homogenizing process 
in the production of milk and simi- 
lar products. Paint, for example, 
can be homogenized with ultra- 
sonics. Paint mixtures thus treated 
have been found to be smoother and 
to last longer than those not 
treated. Drying qualities are also 
improved. 
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Have You Tried Ceramic Condensers 

for General Pur!Ise Applications? 

C 

Many leading radio manufactur- 
ers have already switched to 
ERIE "GP" Ceramicons for gen- 
eral purpose applications. These 
ceramic condensers have all the 
well-known dependability of 
other ERIE Ceramicons with 
their sturdy compactness an 3 
ease of installation, plus an un- 
precedented economy for gen- 
eral purpose applications. 

ERIE "GP" Ceramicons are 
designed for practically all ap- 
plications in which the con- 
denser is not directly frequ: cv 
determining; for AVC Filter 
Resistance -Capacitance Audi 
Coupling, Tone CompensatiorL 
Volume Control R. F. By -Passing, 
Audio Plate R. F. By -Passing, Os- 
cillator Grid Coupling, R. F. 
Coupling, Antenna Coupling 

INSULATED 

CI RAMiCON 
6A2C 

SCUD 

NON -INSULATED 

P"Ceramicons 
aee. u.s. cn., orr. 

The production of large quanti- 
ties at one time of a given ca- 
pacity value accounts for their 
economical price . . there is 
no sacrifice in quality. 

Condensers classified as 
GP1 have a temperature coef- 
ficient between +130 and 
-1600 P/M/°C and are available 
up through 150 MMF. Con- 
densers classified as GP2, man- 
ufactured in capacities of 120 
MMF and higher, may include 

of the above dielectrics and, 
dition, the ERIE Hi -K type. 

ERIE "GP" Ceramicons are 
;lade in insulated styles in pop- 
ular capacity values up to 5,000 
MMF, and in non -insulated 
styles up to 10,000 MMF. Write 
for full details. 

in a 

EGecGcoaice. Dcucaiaa 

ERIE RESISTOR CORP., ERIE, PA. 
LONDON, ENGLAND TORONTO, CANADA 
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Times Facsimile 

CONSTANT FREQUENCY 
AUDIO OSCILLATOR 

Frequency Maintained To Within One Part 
In Five Million Per Degree Centigrade 

Here's a Frequency Oscillator designed and engineered by Times Fac- 

simile Corporation with laboratory precision-rugged, compact, portable. 

Times Facsimile manufactures oscillator units for any specified fre- 

quency between 60 and 4,000 cps. 

The Oscillator is available as a separate unit, or complete with power 

supply in cabinet, or relay rack mounted-price range $300-$500. 

Times Facsimile Corporation is one of the world's leading manufac 

turers of facsimile equipment. Write today for catalogs describing fac- 

simile equipment and components. 

a subsidiary of 

The New York Times Company 
229 West 43rd Street New York 18, N. Y. 

ELECTRON ART 
(continued from p 146) 

Fig. 2B. Type A, represented in 
Fig. 2A by the FG178A, has a cir- 
cular -plate anode with the cathode 
some distance away on the axis of 
the anode so that the magnetic field 
can be concentrated at the cathode. 
The spectrum of this type structure 
has high low -frequency noise, with 
no peak and a steady decrease in 

MA GAU 2D21 - SIG 
30 700 .FG178A .204(604) 

-100 125 750 

-31.6 
5 300 - -IO 
30 IPSO '-884 

-3.16 
931p -I 

OHMS 

-s 
0.1 SHOT NOISE _ 

150 MA 3,000 OHMS 

10 MA 3,000 OHMS 
Y 

n 
TYPE A 

01 10 
FREQUENCY IN MA 

(A) 

u 

S 

TYPE B 

1B1 

90 
80 

70m 
60 a 

m 
50 

0 S 
10 

0 

IJ 

TYPE C 

FIG. 2-Characteristic noise from several 
types of gas tubes 

level as the frequency increases. 
The Type B tube, represented in 
Fig. 2A by the 884 and the 2C4(6 - 
D4), has closer spacing and the 
cathode is surrounded by the anode 
structure so that both anode and 
cathode are in a strong magnetic 
field. The grid is a solid sheet of 
metal completely surrounding the 
cathode except for a small slit which 
defines the current beam. The spec- 
trum obtained with this structure 
shows a maximum in the vicinity 
of one mc. Type C, not represented 
in Fig. 2A, is similar to Type B 
except that the grid is an open wire 
structure. With this type tube 
(Dumont 6Q5G) it was not possi- 
ble to eliminate the oscillations for 
any orientation of the magnetic 
field. Similar difficulties with the 
oscillations were found with the 
2050 and 2D21 gas tetrodes. 

The characteristics of the vari- 
ous types of tubes studied with 
transverse magnetic field are sum- 
marized in Table II. Representative 
values are given. For most types 
there is wide variation between 
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Ataeott4 
type ATV* FM and 

television lead-in lines 

THE WELL BALANCED DESIGN of conductors and di- 
electric in Anaconda Type ATV lead-in lines fulfills 
the exacting requirements of wide -band reception. 
For FM and television reception, these lead-in lines 
minimize the effects of attenuation and impedance 
mismatch - providing maximum freedom from dis- 
tortion. 

Anaconda offers to the industry a wide selection of 
Type ATV lead-in lines for 75, 125, 150 and 300 ohms 
impedance unshielded and 150 ohms shielded-each 
designed for a particular application. 47441 

*An Anaconda Trade -Mark 

For Uniform Transmission Characteristics 

Use Anaconda High -Frequency Cable 

Make Anaconda your headquarters for high -frequency 
cables. Write for a useful folder containing electrical and 
physical characteristics of all Anaconda coaxial cables. 
Also, ask for a bulletin on the characteristics of Type 
ATV lead-in lines. Address: Anaconda Wire and Cable 
Company, 25 Broadway, New York 4, N. Y. 

..Ally:re ANACONDA WIRE ANID CABLE COMPANY 
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OTHER 

WIRE 
WOUND 

RESISTORS 

General purpose capacitors adequately 
meet the requirements of small AC -DC 
sets. Their reliable performance and long 
life make them especially desirable in 
applications where other types of more 
expensive units must be replaced. In ad- 
dition HI -Q general purpose capacitors 
avoid aging and comparable reduced 
performance. 
We shall be glad to submit samples for 
your examination. 

COMPONENTS 

FEED-THRU & 
STAND-OFF 
CAPACITORS 

Ililll i!I) M-M)t ,,,,,,,,,,,,,,,,,,, 
II t, 

T,; ,,,,,,,,,,,,,,,,,, 

CHOKE 
COILS 

ELECTRICAL REACTANCE 
COR POR A T ION 

FRANKLINVILLE, N. Y. 

ELECTRON ART (continued) 

tubes. Great uniformity was 
found in the 6D4 tube, with maxi- 
mum deviations between tubes of 
the order of one db or less. 

(Work reported in this paper was doue 
in whole or in part under Contract No. 
OEMsr-411 between the President and Fel- 
lows of Harvard College and the ()Mee of 
Scientific Research and Development.) 

Negative Impedance 
A THERMISTOR is made to develop 
an impedance having a negative re- 
sistance and an inductive reactance. 
A shunt containing positive resis- 
tance and capacitive reactance is 
proportioned to neutralize the in- 
ductance of the thermistor, leaving 
just negative resistance at the op- 
erating frequency. Bias for the 
thermistor is supplied from a cir- 
cuit having a battery, variable re- 
sistance and reactance, the react- 
ance giving the bias circuit a high 
impedance so that it does not load 
the negative impedance portion of 
the circuit appreciably (U. S. Pa- 
tent 2,410,076 granted October 29, 
1946 to Kenneth S. Johnson, as- 
signor to Bell Telephone Labs.). 

Shielding Filters for 
Insertion Loss Measurement 

By GERSHON J. WHEELER 
Radio Engineer 
Boston, Mass. 

Naval Research Lab. Field Station 

MEASURING INSERTION LOSS of fil- 
ters is really a problem in shield- 
ing, especially at high frequencies. 
Radio -frequency coupling between 
units of the measuring equipment 
may cause incorrect results and 
lack of reproductibility, which can 
be prevented only by an unbroken 
shield. 

The method of shielding devel- 
oped at Radiation Laboratory, MIT 
will be described, but first, for a 
better understanding of the prob- 
lem, the electrical arrangement will 
be outlined. A typical set-up for 
making insertion loss measure- 
ments is shown in Fig. 1. Pad 
No. 1 terminates the generator out- 
put in its proper impedance and 
the filter input in twenty ohms. 
Pad No. 2 terminates the filter out- 
put in twenty ohms and isolates the 
receiver. (Twenty ohms' on each 
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UAKER CITY GEAR WORKS, INC. 
1918 NORTH FRONT ST. 

PHILADELPHIA 22, PENNA. 

ELECTRON ART (continued) 

side of the filter is an arbitrary 
value which is used extensively.) 
Measurements are made with the 
filter in and out of the circuit, ad- 
justing the attenuator so that the 

SIGNAL 
GENERATOR WITH 

ATTENUATOR 

RESISTOR 
PAD NO. I 

RECEIVER 
WITH OUTPUT 

METER 

FILTER 
UNDER TEST 

RESISTOR 
PAD NO 2 

FIG. 1-Basic method of measuring in- 
sertion loss of filters is to determine 
generator output necessary to give same 
reading of output meter at receiver with 
and without filter in circuit. Unless com- 
plete shielding is used results are not 

reliable 

receiver output is the same for both 
conditions. The ratio of the signal 
generator output voltages, ex- 
pressed in decibels, is the insertion 
loss of the filter. 

Filter Shielding 

The filter is mounted on a brass 
plate, either by soldering or by 
mounting lugs, in such a manner 
that the input and output bushings 
are on opposite sides of the plate. 
This plate is placed in a copper box 
which it divides into two completely 
shielded compartments as illus- 
trated in Fig. 2. Good electrical 
contact between the plate and the 
box itself is accomplished by means 

FIG. 2 Filter is mounted on plate inside 
shield box 

of special resilient woven metal 
gaskets (manufactured by the 
Metal Textile Corporation). Con- 
nections to the filter are made by 
clip leads. These leads are clipped 
to each other when the filter is out. 

The resistance pads may be built 
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l 

When you buy or specify solder 
di**ri: Thix AIIiIie-here's why 

Federated Metals is first with a complete line of solders. In any analysis, for any purpose, in 

every commercial or special shape, Federated should he your first call when you have 
a metal joining problem. Federated is first in the non-ferrous field with its chemical and 
metallurgical facilities. When you buy Federated products, you have access to all 

this technical help. Federated is first with its nation-wide network of 11 manufacturing 
plants. You have more sources of supply, more opportunities for better service, all with the 
protection of Federated's quality control. Federated is first in convenience, 
too; there are 25 Federated sales offices to serve Noll from coast to coast. For the 
office nearest you, consult your phone hook or write Federated _Metals Division, 

American Smelting and Refining Company, 120 Broadwac, 
Yew York 5, A,ir York. 

METALS DIVISION 
AMERICAN SMELTING AND REFINING COMPANY 

üaf t;it gte 
Nee 't/ter,6,- 

ied6 
1MICOVCif 
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JUST as you have specialized in your type of 
product, so have we specialized in ours. With 
LORD Vibration Control Products we are cooper- 
ating with manufacturers to perfect smooth, quiet 
operation of their machines. 

The best place to apply LORD Vibration Control 
to your product is on the drawing board; and the 
best time is when your designs are in the prelimi- 
nary stage. During this stage, it is easy to select the 
points which are most advantageous for mounting 
applications. Space allotments, center -line locations 

and constructional features can be selected so that 
the inexpensive standard LORD Mountings may be 
installed easily when assembly begins. 

It is also during this stage that LORD Field Engi- 
neers can be of greatest service to you. By using 
their knowledge and experience in this specialized. 
field, you literally place a trained Vibration Engi- 
neer upon your staff without cost. Just drop us a 
line, or notify our nearest Field Office, and a repre- 
sentative will call upon you. There is no obligation. 

DRD MANUFACTURING COMPANY, ERIE, PA. 
FIELD OFFICES f 

New York, N.Y. Detroit, Mich. Washington, D. C. Chicago, Ill. Burbank, Cal. 
Conadicn Representative: Railway & power Engineering Corp., Ltd., iarcnto, Cano..a. 

.sue 7 
MOUNTINGS 
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Àndrew Co. 

egins its 

second 

decade of 

service 

to the 

industry 

Transmission lines for 
AM -FM -TV 

Directional antenna 
equipment 

Antenna tuning units 

Tower lighting 
equipment 

Consulting engineer- 
ing service 

WRITE FOR 
COMPLETE CATALOG 

ANDREW CO. 
363 EAST 75th STREET CHicAG4 t9 

Pioneer Specialists 
in the Manufacture 
of a Complete Line of 
Antenna Equipment 

ELECTRON ART (continued) 

into the box or in small brass tubes 
which fasten to the connectors out- 
side the box. Concentric cables are 
used between components in the cir- 
cuit. These cables are terminated 
in connectors having good shield 
conductivity, such as type N con- 
nectors. 

The box may be used with any 
standard signal generator and any 
standard receiver covering the fre- 
quency range desired. Sensitivity 
of the system is limited only by the 
resistance pads and the sensitivity 
of the receiver used. The box it- 
self presents no further limit on 
the over-all sensitivity. 

The shielding has been found ef- 

Filter to be measured is placed inside 
metal shield can 

fective at all frequencies measured 
(up to 400 mc). No trace of leak- 
age could be detected at any fre- 
quency with an electromagnetic 
probe. Consequently, the system 
can be left ungrounded. Measure- 
ments made with and without a 
ground connection checked over the 
whole frequency range. 

The box is especially useful when 
many filters are to be measured. 
Each filter is mounted on its own 
brass plate. One reading is ob- 
tained with no filter in the circuit 
and then one with each filter in the 
circuit. The reading with each 
filter is then compared to the read- 
ing with no filter. The technique is 
accepted as standard by the Joint 
Army -Navy Committee on Radio 
Noise Filters. 

Noise Suppression Circuit 
BY BALANCING noise voltages in the 
output circuit of a diode demodu- 
lator against each other, ampli - 
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For true to life recording there has never been 

anything better than Presto Green Label Discs. 

gij RECORDING CORPORATION 242 WEST 55TH STREET NEW YORK 19, N. Y. 

Walter P. Downs, Ltd., in Canada 

World's Largest Manufacturer of Instantaneous Sound Recording Equipment 8 Discs 
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a.. 

Convenient remote control means grouping control dials 
at a point where they are easy to operate and read. 
Getting such a grouping is ordinarily a problem because 
the positions of the variable elements are fixed by space, 
circuit, or wiring requirements. 

S. S. WHITE 
REMOTE CONTROL 

FLEXIBLE SHAFTS 

give you a simple, 100% satisfactory solution to this 
problem. Use them to couple the variable elements to 
their control dials. Then you can locate the dials anywhere 
you want them. What's more, these shafts-expressly en- 
gineered for remote control-work as easily and as 

smoothly as a direct connection. With proper application, 
they will give you any required degree of sensitivity in 
control. 

WRITE FOR THIS 260 -PAGE HANDBOOK( 

It giv,es complete facts and technical data about 
flexible shafts and their application. A copy is 

yours free if you will request it on your business 

letterhead and state your position. 

SI WHI TE 
THE S. S. WHITE DENTAL MFG. CO. INDUSTRIAL DIVISION 

DEPT. E, 10 EAST 40th ST., NE Y YORK T6. N. 
NSAIRU .HAITI rLS11SLI INAPT TOOLS .111CRAFT ACCISSOSIIS 

SMALL CUTTING AND GRINDING TOOTS SWIM.. FORMULA ROSIERS 

MOLDED RSSISTOSS PLASTIC SISCUMTISS CONTIAI1 PLASTICS MOLDING 

ate oa r¢iite.)u.'caá a4 A,4,4 %tdscodtl4l Ertteeeiaes 

ELECTRON ART (continued) 

Second anode of detector diode is used to 
develop noise suppression voltage 

tude noises are suppressed. In the 
circuit shown in the accompanying 
diagram, R and R, are identical 
(0.1 meg) and R.2 is very large (10 
meg). The voltages across R and 
R, are of opposite polarity to 
ground. In the absence of noise, the 
a -c and d -c voltages across R, are 
negligible compared with those 
across R2, and the voltages across 
R are approximately equal to the 
sum of those across R2 and R, so 
that nearly the full signal voltage 
developed by diode D appears at 
the output. A noise impulse is 
shorted by the very large capacitor 
shunting R, but appears across R, 
where it nullifies the equal but op- 
posite noise impulse appearing 
across R. (Recent Inventions, Wire- 
less World, p 384 December 1946). 

Experimental UHF 
Equipment 
TRANSMITTERS AND RECEIVERS oper- 
ating on 303 and 332 me (about 100 
and 90 cm) and having novel cir- 
cuits are being used as an experi- 
mental radio -telephone link between 
two plants of N. V. Philips in Hol- 
land. The link carries 48 3-kc wide 
telephone channels spaced, by sin- 
gle- sideband modulation of subcar- 
riers, between 12 and 204 Ice, which 
frequency modulate the r -f carrier. 
The transmitter consists of a re- 
actance -tube push-pull modulator, a 
feedback stabilized oscillator, fre- 
quency multipliers, and power am- 
plifiers. The receiver is a super- 
heterodyne with a push-pull triode 
converter, intermediate amplifiers, 
limiters, discriminator, and audio 
amplifiers. Although most of these 
circuits are engineered from con- 
ventional designs, the coupling net- 
work in the transmitter power am- 
plifier and the triode frequency con- 
verter in the receiver are unusual. 

Because of the importance at 
high frequencies of interelectrode 
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PONSE 
ANT HEA T* 

The detection of radiant heat is a vital factor in many thermal con- 
trol systems. The Fenwal THERMOSWITCH Control presents a large 
area sensitive to radiant heat energy ... its temperature sensitive outer 
shell responds rapidly to changes in radiant heat. The THERMOSWITCH 
Control is the ideal temperature detecting unit for such applications as 

the control of temperatures in ovens, incubators, driers, . . . in fact, 
wherever radiant heat is a factor in the process. In many instances the 

overall efficiency of a product or process may be increased by utilizing 
this high radiant heat sensitivity of the Fenwal THER- 
MOSWITCH Control and controlling temperatures with- 
out physical contact between the thermostat and func- 
tional parts. 

Chart shows the time required for the Fenwal THER- 
MOSWITCH Control and two other thermostats to break 

contact following sudden exposure to a source of radiant 
heat, when adjusted approximately IOn F. above the am- 

bient temperature. Note the fast response of the Fenwal 

unit. 

High radiant heat sensitivity is but one of the outstand- 
ing features of the Fenwal THERMOSWITCH Control. For more in- 

formation about the many facts in Fenwal's favor, send for a copy of 

our Thermotechnics brochure. 

mignipp 
1.-Fait reaction time 
2.-large heat sensitive area. *midi 

beat storage 
3.-Short heat transfer path 
4.-Small temperature differential 
S.-Built-in temperature anticipation 
6.-Enclased assembly 
7.-Minimal vibration elects 
S.-Tamper-proof and sealed 
t-Rugged construction 

10.-Adjustable over wide temper 
afore range 

11.-Minimum size 
12.-Directly responsive to radiant 

heat 
13.-Uniform sensitivity over adjust- 

able temperature range 
14.-Readily ',stalled 

.fI2 of the "Fourteen Facts in Fenwal's Favor". 

FENWAL INCORPORATED 
43 PLEASANT STREET 

ASHLAND MASSACHUSETTS 
Thermotechnics for Complete Temperature Regulation 
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50 
M. O. P. A. 

6C4 OSC. 

829-B AMPLIFIER 

WATîgOF"'f 
"13OTtIE 

UP" ! 
POWER 
TO DRIVE AN 
ANTENNA 

160 db 

MICROVOLTS 
TO MEASURE 
RECEIVER 
SENSITIVITY 

MODEL 20 
POWER TYPE 

STANDARD SIGNAL GENERATOR 
10 WATTS MAXIMUM R -F OUTPUT - LOW 

IMPEDANCE. 

160 DB RANGE OF ATTENUATION - 15.0 
VOLTS TO 0.10 UV. 

CURRENT OUTPUT UP TO 1.0 AMPERES. 

MASTER OSCILLATOR - TUNED POWER AM- 
PLIFIER CIRCUIT. 

8 BAND SPREAD TUNING RANGES - 85 Kc 

TO 40.0 Mc. 

DIAL CALIBRATED AT INTERVALS OF 1% IN 
FREQUENCY. 

LEAKAGE FIELDS LESS THAN .1 UV METER. 

Write for defails 

THE ROLLIN COMPANY 
2070 N. FAIR OAKS AVE. PASADENA 3, CALIF. 

ELECTRON ART (continued) 

capacitances and lead inductances, 
conventional coupling is ineffective. 
Furthermore, in laying out the 
transmitter and receiver it was de- 
sirable to use several chassis, di- 
viding the circuit between stages. 
To provide a h -f coupling that 
would permit wide separation of 
stages, a new coupling network was 
developed. 

Ordinarily the anode of one am- 
plifier is connected directly, so far 
as r -f is concerned, to the grid of 
the following tube; between the 
connecting point and ground a high 
impedance, usually a resonant cir- 
cuit, is connected. Inductance of 
tube leads makes direct r -f connec- 
tion impossible at high frequencies, 
and interelectrode capacitances re- 
duce the maximum obtainable high 
impedance to ground. However, if 
the coupling is formed by the inter - 
electrode capacitances CA and C,;, 
and the lead inductances LA and 
augmented by an external series in- 
ductance L, as shown in Fig. 1A, a 
tuned circuit will be formed 

FIG. 1-UHF amplifier coupling network 
utilizes stray reactances 

Furthermore, this tuned circuit will 
have twa points at r -f ground po- 
tential; one between the two capac- 
itors, the other on the tripart in- 
ductance, just where being deter- 
mined by the magnitudes of the two 
shunt capacitances, as shown in 
Fig. 113. With the capacitances and 
inductances proportioned so that 
the neutral point is on the external 
inductance, the circuit can be 
broken and a lengthy connection in- 
serted. As the connection is at r -f 
ground, it need not be shielded and 
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A Guide to the "GUIDE" 

HAVE YOU RECEIVED YOUR FREE COPY? { 
f 

A booklet of information on the ELECTRONICS Buye ' Guide is now avail- 
able. It contains facts about the value and use of the `Guide"... gives reasons 
why the "Guide" is a "must" medium in electron and allied fields. 

MANUFACTURERS: This booklet shows ... t} unique value of the "Guide" 
in selling both name and product ... the ty of information your advertising 
should supply ... why the men who des n -in, specify, and buy in electronic 
fields use the "Guide" as their year ' and reference book. 

ADVERTISING AGENCIES: This bo et provides basic facts on how the "Guide" 
influences all the buying factor ,rn electronic fields. It includes thf results of 
a survey among ELECTRON S' subscribers revealing their appraisal of the 
"Guide" as a source of buying information, their evaluation of the advertising 
content, and their needs in catalog type presentations. Be sure to send now for 
this free booklet of - ormation on the facts, value, use, mechanical require- 
ments, rates, etc., the .. . 

electronics 
BUYERS' GUIDE ISSUE 
ABC A Bonus Issue To All Subscribers ABP 

GRAW-HILL PUBLICATION McGRAW-HILL BUILDING 

Get the 
FACTS, VALUE, USE 

of the 

ONLY 
COMPLETE 

CATALOG AND 

DIRECTORY OF 

ELECTRONIC 

EQUIPMENT 

COMPONENTS 

and 
ALLIED 

PRODUCTS Pied 
JUNE 15 

1947 
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Keeping Tone Conscious Customers 

Well Satisfied 

i-- 

Every Manufacturer 

Keeps His Business Eye 

on Satisfying the Customer 

... that's why \\ebster Electric Tone Arms and Cartridges 
are widely used on popular priced phono-comhinations and 
record changers. 
The Webster Electric crustal cartridge is a uniform producer 
of true tone quality. In addition to faithful reproduction, they 
are dependable and have long life. Their past record of per- 
formance insures their future dependable service. 
The Webster Electric cartridge has balancedconstruction that 
produces maximum output at designated tracking pressures- 
with minimum distortion and minimum mechanical reproduc- 
tion. There are models designed for sharp cut-off at higher 
frequencies, while others provide response over an exceptionally 
wide frequency range through use of an extremely lightweight 
moving mass-a Webster Electric development. Sharp reso- 
nance peaks are avoided and efficient performance obtained. 
Write Webster Electric Company, Racine, Wisconsin, for full 
information and complete listing of tone arms and cartridges 
that are now available. 

Liro 'J nnAe. palenls of the Brush l)o, r1,,purrnt Company) 

WEBSTER 
RACINE 

LE 

Established 1909 

Export Dept. 13 E. 401h Street, New York (16), N. Y. Coble Addrers "ARLAB" New York City 

"Where Quality is o Responsibility and Fair Dealing an Obligation" 

ELECTRIC 
WISCONSIN 

ELECTRON ART (continued) 

therefore will not introduce much 
additional shunt capacitance. If 
the midpoint does not fall on the 
external inductance, or if no ex- 
ternal inductance is used, the cir- 
cuit provides coupling, but cannot 
be broken. The circuit makes effec- 
tive use of the unavoidable stray 
reactances within the tube. The 
network is used in both transmitter 
and receiver where it is necessary 
to break the mechanical continuity. 
A practical adaptation is shown in 
Fig. 1C. 

Triode Converter 

At the receiver the signal is 
passed directly to the mixer. An 
r -f amplifier is usually desirable to 
preserve the signal-to-noise ratio, 
but the mixer circuit that was de- 
veloped has such low noise that pre - 
amplification was not needed. Im- 
age interference was avoided by 
choice of the operating frequencies. 
Omission of the r -f pre -amplifier 
greatly simplifies the uhf end of 
the receiver. 

Multigrid mixers fail at high fre- 
quencies because lead inductances 
to the shield grids prevents them 
from remaining at a -c ground. 
Diode mixers are undesirable be- 
cause of their low conversion gain. 
For these reasons triodes were con- 
sidered for the mixer. 

Frequency conversion in a triode, 
as in any converter, involves three 
principle voltages : the signal input 
voltage, the heterodyning voltage 
(both of which are applied between 
grid and cathode), and the interme- 
diate voltage (which appears in the 
plate circuit along with other non- 
essential voltages). If a push-pull 
connection of two triodes is used 
for the converter, two of these three 
voltages must appear in the circuit 
in push-pull, and the third must be 
in the same phase in both tubes. 

A symmetrical dipole and bal - 

PARALLEL WIRE 
TANK 

-1, 

INPUT 
LOOP 1 

FIG. 2-Triode mixer has balanced input 
and output and a symmetrical, sell sus- 

taining heterodyning loop 
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The Collins Drift Cancelled Oscillator 
The DCO (Drift Cancelled Oscillator) circuit, an ex- 
clusive Collins development, is a new frequency control 
method that meets the needs of modern communication 
problems. Basically it provides the multiplicity of 
channels and the freedom from the spurious responses 
inherent in Master Oscillator operation, but with the 
stability of a single crystal. 

The Collins 51M-2 VHF ground station receiver is 
the first of a series of Collins products employing the 
DCO principle. The diagram shown above illustrates 
the 51M-2 circuit. Injection voltage for the first mixer 
is supplied by the M.O. operating at the injection fre- 
quency. There are no unwanted harmonics as there 
would be if a low frequency crystal were used to gener- 
ate the injection voltage. The M.O. also provides the 
injection voltage for Mixer 2, where it combines with 
the output of the crystal oscillator and produces IFZ. 
Mixer 3 combines IF, and IFZ to obtain IF3. Both IFl 
and IFZ reflect in the same sense any M.O. instability, 
hence the M.O. drift is cancelled out. The stability of 
the receiver is determined only by the 0.005% accuracy 

of the crystal. 
Use of the DCO principle in the 51M-2 results in 

spurious responses 100 db below that of the desired 
signal and permits operation of several receivers from a 
single antenna: 

51M-2 SPECIFICATIONS: 
Application: single channel ground station reception. 
Freq. range: 118-136 mc. 
Sensitivity: 1 microvolt r -f input 30% modulated 

for a 6 db signal to noise ratio. 
Stability: 0.005%. 
Spurious response: down 100 db. 
Avc: output constant within 3.0 db with input range 

of 1 microvolt to 1 volt. 
Other features: audio squelch, noise limiter, remote 

control. 
Let us send you an illustrated bulletin giving detailed 

specifications of this new receiver. 

IN RADIO COMMUNICATIONS, IT'S... 

COLLINS RADIO COMPANY, Cedar Rapids, Iowa 
11 West 42nd Street, New York 18, N. Y. 458 South Spring Street, Los Angeles 13, California 
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SPECIFY 
MOLDITE NATIONAL co Es 

PERMEABILITY TUNING CORES 

Moldite permeability tuning cores are manu- 

factured to meet the most precise require- 

ments. Modern mass production methods of 

manufacturing perm cores have resulted in 

increased quality and economy to our cus- 

tomers. Perm cores with screw, wire and 

hook inserts are produced to smoothly fit the 

design of all perm -tuning units. 

STANDARD IRON CORES 

Moldite magnetic iron cores are manufac- 

tured to exact specification with an exclusive 

powder mix to fit detailed requirements in 

audio, broadcast, FM and television frequen- 

cies. New formulae and methods of process- 

ing increase Q values; result in greater 

stability and density. Moldite cores are 

manufactured under rigid quality control. 

MOLDED CUP CORES 

The moldite one-piece cup core is an out- 

standing example of the superior quality of 

Moldite tool design and engineering. Cups 

can be supplied in many sizes and of many 

Moldite powder mixes. Every molded cup 

core assembly is a precision instrument which 

assures smooth, accurate assembly. 

For top performance 
at any frequency! 

ENGINEERING-It is a simple matter for National Moldite 
engineers to fit the right core to your particular coil for the 
best results. Thoroughly familiar with every iron core appli- 
cation, these technicians will be glad to assist you in deter- 
mining which of these components meets requirements. 

SAMPLES-National Moldite sample iron cores will be sub- 
mitted for design, test and pre -production purposes upon re- 
ceipt of your request. When ordering, use Moldite material 
grade designations to insure prompt and exact duplication of 
the required cores. Specify "MOLDITE" for "QUALITY". 

NATIONAL MOLDITE COMPANY 
25 MONTGOMERY ST., HILLSIDE, NEW JERSEY 

Mid -Western States 
Irving Rose 

7752 S. Kingston Ave. 
Chicago, Illinois 

Western States 
J. J. Perlmuth & Associates 

942 Maple Avo 
Los Angeles, California 

South America 
Jose Luis Pontet 
Cordoba 1472 

Buenos Aires, Argentina 

ELECTRON ART (continued) 

anced line is used for the input, so 
it is most convenient to apply the 
uhf signal in balance to the con- 
verter. The local oscillator voltage 
is then applied in equal phase to 
both tubes. Then the intermediate - 
frequency output appears in push- 
pull in the anode circuit. There are 
thus two loops; a balanced (push- 
pull) one, and an asymmetrical one 
arranged as in Fig. 2. 

With the asymmetrical circuit, 
which is not usually tuned to the 
local oscillator, it is difficult to 
couple power from the oscillator. 
An additional series tuning ele- 
ment can be added to resonate the 

lrsode mixer has low noise 

impedance into which the oscillator 
operates. This oscillator tuning ele- 
ment is added in a part of the cir- 
cuit through which balanced cur- 
rents do not flow. Furthermore, 
because the asymmetrical grid cir- 
cuit presents a low impedance to 
the oscillator making it difficult to 
develop a large local signal on the 
mixer grids, the input impedance 
of the mixer grids can be increased 
at the oscillator frequency by mak- 
ing the asymmetrical anode load 
slightly inductive. If the plate cir- 
cuit inductance is properly propor- 
tioned, the loop itself oscillates. A 
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SIL VAJVIA NEWS 
CIRCUIT ENGINEERING EDITIO 

MAR. Prepared by SYLVANIA ELECTRIC PRODUCTS INC., Emporium, Pa. 1947 

NEW SYLVANIA TECHNICAL MANUAL AVAILABLE NOW 

FULL OF ESSENTIAL RADIO TUBE DATA 

Handy Volume Describes Over 450 Tubes - 
Contains Valuable Information for Circuit Designers 

The bigger, better - than -ever new 
Sylvania Technical Manual is avail- 
able now. 

The large number of tube types 
listed (old and new) -over 450-has 
leen made available as a result of 
extensive and careful study of radio 
tube characteristics and applicat ions. 

IMPORTANT 
INFORMATION 

Contents of this descriptive manual 
include: Fundamental Properties of 
Vacuum Tubes; Characteristic 
Curves; General Tube and Circuit 
Information; Resistance Coupled 
Amplifier Data-and many more- 
all of great interest to circuit design- 
ers and equipment manufacturers. 

AVAILABLE 
NOW 

\Ve urge you to get a copy right 
away-because we know you'll find 
this volume chock-full of invalu- 
able information. 

Availabis from your Sylvania Tube Distributor or directly from Radio Tube Division, Emporium, Pa. 

SYLVANIAELE TRIC 
MAKERS OF RADIO TUBES: CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS. FIXTURES. WIRING DEVICES; ELECTRIC LIGHT BULBS 
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A new weapon in your fight 
to reduce production costs . . 

MARION PORTABLE BENCH -TYPE 

INDUCTION SOLDERING UNIT 

A low-cost, low -powered induction soldering unit, designed for use wherever 
production soldering of small metal parts and assemblies is part of the job. 
It increases the quality of soldering operations , , . minimizes time and ex- 
pense involved . , . requires no experienced help . and can effect major 
production economies in such diverse fields as radio, electronics, jewelry, elec- 
trical fixtures, toys, kitchenware, motors, paint brush ferrules, can sealing, etc. 

COMPACT... ADAPTABLE...EFFICIENT... ECONOMICAL... SAFE 

It increases the speed of soldering op- 
erations - and provides a result often 
impossible with other methods. 

Produces cleaner work and eliminates 
many cleaning operations. 

Ideal for use with belt -line or turntable 
types of automatic feed. 

Inexperienced operators can produce 
uniform results with greater safety to 
the operator than is afforded by any 
other means. 

FIND OUI 

Find out, without obliga- 

tion, what the M Unit ion 

Induction 
Solde Forward 

can do for Y 

your specifications e parts for analy- 

sis and soldering 
complete analysis will 

be made and recom- 

mendations 
will be re- 

turned to you 
within one week. 

It is cheaper to operate than a solder 
pot, consuming only 775 watts at full 
load and only 100 watts on standby. 
Power is drawn only when soldering is 
taking place. 
No moving parts to wear out. Tube re- 
placement costs low. All components are 
designed with generous safety factor. 

The heater offers less hazard than a sol- 
dering iron, and yet does a neater, 
cleaner, faster job without danger 
of sparking or radio frequency burns. 

$414.00 F.O.B. Manchester, N. H. 

(Foot Treadle Extra) 

Each unit is accompanied by a manual which covers 
not only operating and service information, but also 
the design of the work coils for fundamental shapes 
such as square, rectangular, round and oval. 

SPECIFICATIONS 

Power Supply: 115 volts, 60 cycle Sise: l53/4" x 2P/2" 
x 15" Mounting: Standard relay rack cabinet. 
Weight: 150 pounds Power Consumption: 775 watts 
at full power output, 100 watts standby. 

The entire unit is rigidly assembled and mounted to 
prevent arc -over and failure of components. 

MARION ELECTRICAL INSTRUMENT CO. 

MANCHESTER, NEW HAMPSHIRE 

EXPORT DIVISION 455 BROADWAY NEW YORK I5. N. Y., U. S. A. CARIES. ..ORNANEX 

IN CANADA; THE ASTRAL ELECTRIC COMPANY, SCARBORO BLUFFS, ONTARIO 

ELECTRON ART (continued) 

separate local oscillator is then not 
needed, which eliminates the noise 
introduced by a separate tube. As 
fai- as the conversion action of the 
push-pull triodes is concerned, it 
makes no difference how the heter- 
odyning potential is generated be- 
tween grids and cathodes; mixing 
being determined solely by the mag- 
nitude of this potential and the non - 
linearity of the transfer character- 
istic. 

Just as back coupling was intro- 
duced in the asymmetrical loop by 
placing inductance in the anode cir- 
cuit that would be reflected into the 
grid circuit through the grid -anode 
capacitance as a negative imped- 
ance, so back coupling can be used 
in the balanced circuit to increase 
the input impedance of the triodes 
to the uhf signal, thereby decreas- 
ing the loading on the input cir- 
cuit and making it possible to de- 
velop a large input potential. 

Were the push-pull mixer per- 
fectly balanced, there would be no 
interaction between balanced and 
asymmetrical loops. However, in 
a practical circuit there will be 
some unbalance and hence interac- 
tion. Thus the two circuits can- 
not lie close in frequency. This 
consideration determines the inter- 
mediate frequency. Too low an i -f 
would place the two circuits close 
together in frequency. To render 
the coupling harmless the hetero- 
dyning frequency should be at least 
one twentieth the incoming signal 
frequency (Philips Technical Re- 
view, p 121 April 1946 ; p 194 July 
1946, the first being a description 
of the transmitter, the second cov- 
erning the receiver). 

Self Balancing Phase 
Inverter 
U. S. Patent No. 2,383,8 }6, Granted duo. 

28, 19.15 

To JAMES BRUCE CRAWLEY 
Radio Corp. of America 

UNBALANCE between. output volt- 
ages of phase inverter circuit used 
to convert a single -ended circuit to 
push-pull is corrected by feedback 
into auxiliary control grids. The 
circuit, shown in Fig. 1, is for the 
most part a conventional two -tube 
phase inverter. Tube Vr first ampli- 
fies the signal. A portion of the 
output of V preferably equal in 
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the inside story OF AMERICA'S 
MOST EFFICIENT SOLDERING IRON 

AUTOMATIC RETRACTOR 

400 HOUR TIP 

Since Eject-O-Matic was introduced a 

little more than a year ago, it has 
met rigid production tests in industrial 
plants from coast to coast. Today it is 

acclaimed by plants using this modern 

soldering tool as "the greatest advance 
in soldering methods in more than a 

quarter of a century". Eject-O-Matic 
has these exclusive advantages: 

TRIGGER OPERATED, AUTOMATIC - FEED- 
a touch of the trigger dispenses the solder. 

MICROMETER CONTROL-measures the 
amount of solder ejected. 

AUTOMATIC RETRACTOR - prevents melt- 
ing of excess solder on tip. 

COOLING FINS 

400 -HOUR TIP, MULTI-CLAD-non-corrod- 
ing, never needs filing or tinning. 

COOLING FINS-keep tip at proper working tem- 
perature-no thermostat required. 

LOADING CHAMBER-easily accessible, holds 4 oz. 
reel of solder. 

EYELET HOLE-permits automatic feeding of solder 
from large rolls mounted on, or under, bench. 

MOLDED HANDLE-made of heat -resistant plastic. 

SAFETY -UTILITY BASE - provides resting place for 
idle or cooling iron. 

e._. 

.10--) 

TRIGGER 

MICROMETER 

SAFETY BASE 

f,\r,, 
EYELET 

HOLE 

LOADING 

CHAMBER 

MOLDED 

HANDLE 

WEIGHS ONLY 18 OZS. 

Write for descriptive literature or, if you wish, we shall 
be glad to arrange for a demonstration. 

Available in 50, 75, 100 and 

150 watt models. Tips in 6 dif- 
ferent sizes and shapes. 

Individually packed. Shipping 

weight per carton of 12 units, 

approximately 35 lbs. 

MULTI -PRODUCTS TOOL COMPANY, 123 SUSSEX AVENUE, NEWARK 4, NEW JERSEY 
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SEE...WHY 
HAYDON TIMERS 
ARE BETTER! 

This cross section of a Haydon timer illustrates a few of the many patented 

features that have made them the most accurate and efficient in the field. 

1 Shading coil construction gives high starting 
torque. 
2 Field structure gives balanced torque char- 

acteristics. 
3 Projection -welded core produces better mag- 

netic field and rugged construction. 
4 Uniform reluctance ring rotor for uniform 

torque characteristics, rigidly held by spun - 
over support. 
5 Lubricant carried by capillary attraction to 

each gear assembly; irrespective of mount- 
ing position of unit. 
6 Coil sealed against moisture, tested for 

2000 VAC breakdown. 
7 Projection -welded field assure s 

accurate air gap and 
rugged construction. 

Write for the new HAYDON 
catalog for details of this 
and other HAYDON timers. 

it 
TIMING 

+Ea don 
CA MANUFACTURING COMPANY 
tco * INCORPORATED * E. 

4 

9 ems, ea... t Qo 
.c o 

OF GENERAL TIME INSTRUMENTS G 

7 
ENGINEERING SERVICE 

z 
O 

ELECTRON ART ¡continued) 

FIG. 1 --Duplex feedback preserves bal- 

ance of inverter 

magnitude to the input to that tube, 
is obtained from potential divider 
R, - R, and fed to the grid of V,. 

Because of the reversal of phase 
introduced by V the input to V,, 
and hence its output, is the reverse 
of that of V and thus the output 
of the circuit is balanced about 
ground. 

However, as seen from the cir- 
cuit, the suppressor grids of the 
two pentodes used in this inverter 
are not connected in the usual man- 
ner. Resistor R, is common to the 
plate circuits of both tubes. The 
suppressor grids of the two tubes 
are connected to each other and 
also, through d -c blocking capacitor 
Cs, to the high side of R,. Any un- 
balanced voltage in the common por- 
tion of the plate circuit of the in- 
verter will thus appear across the 
suppressor grids of the two tubes. 
In particular, that unbalanced volt- 
age so fed back will be of such po- 
larity as to cause degeneration in 
the tube producing the larger signal 
output and regeneration in the tube 
producing the smaller signal out- 
put. From this feedback action the 
inverter balances itself. 

Output of a high -frequency os- 
cillator is used to test the conduc- 
tance between elements of vacuum 
tubes. A cathode-ray indicator tube 
gives an indication of the loading 
presented to the oscillator by the 
tube under test. (2,380,095, Tube 
Testing Device, Walton De Verter, 
July 10, 1945). 
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ENGINEERED AND MOLDED AT NO. 1 PLASTICS AVENUE 

r 
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Steel fails before G -E MYCALEX 
Tensile tests prove that the heavy 

steel inserts in this brush holder stud 
tear before the collar of General Elec- 
tric mycalex gives way. That's a dis- 
tinct advantage in heavy-duty motors 
and generators. And this brush holder 
stud is molded in a single operation, 
with adequate insulation separating 
the metal studs. 

Why not plan to improve the effi- 
ciency of your product-give it an 
important margin of safety -with 

General Electric mycalex? It is a stone - 
hard material, compounded of special 
glass and powdered mica. Available in 
standard sheets and rods or in fabri- 
cated, compression- or injection -molded 
parts. Send for "G -E Mycalex" a 
new bulletin that tells the whole story 
of this unique insulating material. 
Write to Plastics Division, S-18, 
Chemical Department,General Electric 
Company, 1 Plastics Avenue, Pittsfield, 
Massachusetts. 

GENERAL 

HOW THE G - E 

MYCALEX SERVICES 
CAN BENEFIT YOU NOW 

You may order fabrication of sample 
G -E mycalex parts at surprisingly low 
cost. Test them yourself in your own 
equipment. Then, if you decide to 
specify G -E mycalex, your design 
can be converted to a molding proc- 
ess which permits speedy and eco- 
nomical production runs. 

MOLDING SERVICE 

FABRICATING SERVICE 

Get This Unique Combination 
of Properties with G -E Mycalex 

1. High dielectric strength 
2. Low power factor 
3. Prolonged resistance to electrical 

arcs 
4. Chemical stability-no deterioration 

with age 
5. Dimensional stability-freedom 

from warpage and shrinkage 
6. Impervious to water, oil, and gas 
7. Resistance to sudden temperature 

changes 
8. Low coefficient of thermal expan- 

sion 
9. High heat resistance 

Samples Supplied on Request 

ELECTRIC 
C;Ú47 -M 1N 

ELECTRONICS - March, 1947 215 

www.americanradiohistory.com

www.americanradiohistory.com


A SURE SIGN or 
SOLDER SECURITY 

KESTER CORED SOLDERS 

`,2 

The use of Kester Cored Solders in any soldering operation is 

a sure sign of permanent trouble -free service and dependability. 
Kester Cored Solders are made to provide solder bonds that resist 
the strain of steady duty in everything from the most intricate 
electrical connections to the heaviest type of industrial soldering. 

Kester Rosin -Core Solder contains a patented rosin flux that 
prevents terminal resistance. It eliminates fire -hazard because ft 

will not cause corrosion or injure insulation. It forms clean, tight 

connections that hold against shocks, vibrations, contraction and 
expansion-for the life of the apparatus. Kester Acid -Core Solder 
is ideal for any general soldering operation. 

Kester Cored Solders are available in a wide range of strand 
and core sizes, with the right combination of alloy and flux to 

give you the right solder for your specific job. 

Kester experience is at your service to determine the best 

solder formula and practice for your operation. Get the benelit 

of this experience without obligation by consulting Kester engi- 

neers on any solder problem. 

KESTER SOLDER COMPANY 
4204 Wrightwood Avenue, Chicago 39, III. 

Eastern Plant: Newark, N. J. 

Canadian Plant: Brantford, Ontario 

K E STE R 
STANDARD FOR INDUSTRY 

I NEW PRODUCTS 
(continued from p 152) 

ment, obtaining antenna data or 
measuring standing -wave ratios, 
and reading single -stage or conver- 
sion gain, signal-to-noise ratios, cir- 
cuit Q, or transmission line charac- 
teristics. The unit will supply ac- 
curately known voltages ranging 
from 0.1 microvolt to 0.1 volt. The 
r -f output may be continuous, am- 
plitude -modulated, pulsed, or 
square -wave modulated. Pulse 
length can be readily controlled be- 
tween 2 and 50 microseconds, and 
pulse rate is variable from 60 to 
3,000 times per second. 

Shield Can Fastener (20) 

THE PALNUT Co., 77 Cordier St., 
Irvington, N. J. The Palnut shield 
can fastener snaps quickly into 
chassis holes and automatically 
locks. It will not let go until delib- 
erately released. When inserted in 
chassis holes, two pronged ends 
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S I E N S 

Science unravels speech 

WWtMíVücì ,0;«, 

U N R 

Years ago Alexander Graham Bell dreamed of 
"a machine that should render visible to the 
eyes of the deaf, the vibrations of the air that 
affect our ears as sound." He never realized 
that dream, but his researches led to the inven- 
tion of the telephone. 

Today Bell Telephone Laboratories have 
turned the dream into a fact - translating the 
spoken word into readable pictures. 

By this new invention of the Laboratories, 
the talker speaks into a microphone. Vibra- 
tions of the voice are unraveled through elec- 
tronic circuits, and then are reassembled as 
luminous patterns which travel across a screen. 
Each syllable of sound has a distinctive shape 
and intensity. 

A V UL S S PEE TSH 

Visible speech is still in its infancy, and is 
not yet available to the public. But educators 
of the deaf are now evaluating it. Indications 
are that the deaf can learn to read the patterns 
and, by comparing the patterns their own 
voices make with the patterns of correct speech, 
can improve their diction. 

Patterns of visible speech also provide a 
means for analyzing and recording sound in 
the study of phonetics and of languages. Even- 
tually, visible speech may make possible visual 
telephony for the deaf. 

This is but one of many contributions by 
Bell Telephone Laboratories to the understand- 
ing and control of sound. 

BELL TELEPHONE LABORATORIES EXPLORING AND INVENTING, DEVISING AND 

PERFECTING FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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Series 58 rheostats and potenti- 
ometers, available in single, dual 
and triple section units (as here 
shown). Available with attached 
power switch. 

* 

Series 42 multiple -unit wire -wound 
controls, available in assemblies 
from 2 to 18 sections in tandem 
and operated by a single shaft. 

Series 43 midget wire - wound 
controls in single, dual and triple 
section units. Available with at- 
tached power switch. 

Series MH or the famous "Hum- 
dinger" extra -compact rheostat 
or potentiometer. Wire winding 
held in grooved fibre base. Body 
only 9/32" deep. 

* 

Widest selection of resistance 
values, taps, tapers, terminals, 
shafts, etc. 

Cp 

* You can entrust your wire -wound control 
problems to Clarostat, with complete confidence, 
because: (1) Clarostat has wire -winding experi- 
ence second to none in the industry; (2) Clarostat 
has outstanding winding equipment designed, 
developed and built by its own engineers; (3) 

Clarostat spent two decades perfecting wire - 
wound rheostats and potentiometers; (4) Above 
all, Clarostat has an enviable reputation to main- 
tain. Therefore, try Clarostat with those wire - 
wound control problems or requirements. 

* Write for CATALOG . . . 

CLAROSTAT MFG. CO., Inc. 285.1 N. 6th St., Brooklyn, N.Y. 

NEW PRODUCTS (continued) 

compress to enter, then snap out- 
wardly when pushed through. The 
prongs grip the underside of the 
chassis with a continuous spring 
pull that holds the can firmly to the 
chassis. When mounted according 
to specifications, this fastener ac- 
commodates a wide range of chassis 
thicknesses. Variations in hole lo- 
cations in cans and in chassis thick- 
ness are easily taken care of by the 
long spring arch construction. 

Grid Pulse Life Tester (21) 

CHATHAM ELECTRONICS, 475 Wash- 
ington St., Newark 2, N. J. New 
equipment for testing receiver type 
tubes under pulsed operating con- 
ditions cons!sts of four units. The 

modulator unit delivers a positive 
pulse adjustable from 50 to 350 
volts. Pulse current of 10 amperes 
has a duty cycle of 0.01. Width of 
the pulse can be varied between 1 

and 25 microseconds. Repetition 
rate is variable between 500 and 
2,500 times a second. 

Electron Gun Compass (22) 

MINNEAPOLIS -HONEYWELL REGULA- 

TOR Co., 2753 Fourth Ave., S., Min- 
neapolis, Minn. Containing no mov- 
ing parts, a new device depends 
upon an electron beam aimed at a 
four -segment target to provide di- 
rection signals for guiding a ship 
or plane to a preset course. The 
magnetic field of the earth makes 
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At Your Service 
to help you with your 

SHEET METAL 

FABRICATION REQUIREMENTS 

SHEET METAL PRODUCTS-such as: 
INSTRUMENT PANELS, RADIO COMMUNI- 
CATION CASES and ENCLOSURES, OSCILLA- 
TOR BOXES, CHASSIS and CABINET ASSEM- 
BLIES, RACKS and SPARE PARTS BOXES, 
WATERPROOF CABINETS and BOXES, METAL 
STAMPINGS, FORMING and WELDING of 
FERROUS and NON-FERROUS METALS. 

We specialize in RADAR and RADIO COMMUNI- 
CATION METAL PRODUCTS. "Whistler and 
Wiedermann Setups" used for economic and speedy 
production. 

We can assure you of excellent workmanship and 
prompt deliveries. Send us your blueprints and specifi- 
cations. We shall quote you immediately. 

Our additional facilities enable us to solicit your 
inquiries regarding SCREW MACHINE ITEMS and 
GENERAL MACHINE SHOP PRODUCTS. 

S. WALTER CO. 
PRECISION SHEET METAL PRODUCTS 

144-146 CENTRE STREET BROOKLYN 31, N. Y. 
Telephone, MAin 4-7395 
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BACON-world's largest and 
leading manufacturer of air 
column horns, speakers and 
driving units offers you the 
most complete line-a unit 
and speaker for every con- 
ceivable PA or sound re- 
quirement. 

Competitively priced, BACONS 
assure maximum efficiency and 
high-fidelity "true tone" repro- 
duction. Our driving units give 
60 watts peak and 30 watts 
continuous output at lowest watt 
of energy input. All -Weather 
construction and Stormproof Ma- 
terial make BACON speakers 
impervious to any climatic condi- 
tion. BACON Acoustic Mate- 
rial prevents resonant effects. 

SEND FOR OUR NEW 
FREE CATALOG TODAY! 

SMART BUYERS 

L use 

a 1 
RACON ELEC. CO., INC., 52 E. 19TH ST., NEW YORK, N. Y. 

NEW PRODUCTS (continued¡ 

the beam deflect to the west, but 
the compass indicator is oriented to 
read conventionally north. The 
Cathotrol can be tied in to an auto- 
pilot for exact control of aircraft. 
Other uses include that of magne- 
tometer substitute in prospecting 
for oil and ores. 

Tube Tester (23) 

ELECTRONIC MEASUREMENTS CORP., 
114 Liberty St., New York 6, N. Y. 
The Series 200 mutual conductance 

tube tester illustrated checks alt 
tubes according to mutual con- 
ductance on a micromho scale that 
is also marked for "good" and "re- 
ject" values. 

Adjustable A -C Supply (24> 

SUPERIOR ELECTRIC CO., 277 Church 
St., Bristol, Conn. The new voltbox 
a -c power supply has been designed 
primarily to meet the needs of elec- 
tric light company testmen but the 
many features of this instrument 
will prompt its use in diversified 
applications. The unit offers a com- 
pact, portable source of metered, 
continuously adjustable a -c voltage 
and current. Three ranges of out- 
put voltages and two ranges of out- 
put current are available. The vari- 
able voltage and current feature is 
achieved by two Powerstate vari- 
able transformers operating in con- 
junction with auxiliary transform- 
ers. Voltage and current are varied 
independently and are electrically 
isolated from each other. For meter- 
ing purposes, a triple -range volt- 
meter and a double -range ammeter 
are supplied. 'When it is required to 
measure external voltages and cur- 
rents, these meters can be employed 
for such purposes by throwing the 
lever -action twitches located below 
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STANDARDS by AUTOMATIC 
The K -IRAN is more economical, more compact and 
gives better performance than old style I. F. Trans- 
formers. Its use assures quick deliveries. 

AUTOMATIC MICA TRIMMERS are the standards of 
the Radio Industry. 

Specify and use AUTOMATIC standard components 
for assurance of quality and service. 

t llTflM41IC\ 
,1lA; V'UFACTUR/NG 

C O R P 0 R A T I O N 

MASS PRODUCTION COILS & MICA TRIMMER CONOE;NSERS 
9 0 0 P A'ï S A I C AVE. --..4.11.8%Mimminr EAST N E W A R K, N . J 
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Match her skill with dependable solder 
Delicate soldering operations by 

skilled workers call for a solder of proven 
dependability. Your investment in labor - 
time and cost of materials should be pro- 
tected-not to mention that most valu- 
able business asset, your reputation. 

You will be free from soldering come- 
backs and worries of all kinds when you 
standardize on Glaser Plastic Rosin Core 
Solder. 

Only virgin metals go into this fine 
"scientific formula" solder. No vitiating 
"scrap" content to cut down costs, at the 
risk of lowering the quality of your prod- 
uct and injuring your good name. 

Every day increases the list of promi- 
nent manufacturers who capitalize on the 
dependability of Glaser Plastic Rosin 
Core Solder and other Glaser Products. 

Insist on "Glaser" when ordering solder 
and flux-the line that "gives you more" 
yet costs no more. 

GLASER LEAD CO., INC. 
31 Wyckoff Avenue, Brooklyn 27. N. Y. 
Our 24th year of dependable service 

to American Industries. 

OTHER 
GLASER 

PRODUCTS 

Silver Brazing 
Solder and Flux 

Fluxes for 
every purpose 

Lead Products of 
every description 

Lead Lining of 
acid and 

plating tanks 

Glaser Plastic Rosin 
Core solders exceed 
Government specifi- 
cations in purity and 
are guaranteed to 
conform with A.S.T.M. 
Class A specifications. 

NEW PRODUCTS (continued) 

each meter. The circuit has been 
designed to permit the use of this 
device on either 115 or 230 volt, 
50/60 cycles power lines. The out- 
put voltage ranges are 0-30, 0-150, 
and 0-3J0 volts while the current 
ranges are 0-5 and 0-20 amperes. A 
circuit -breaker offers complete in- 
strument protection. 

Aluminum Voice Coil 
Speakers (25) 

GENERAL ELECTRIC Co., Syracuse, 
N. Y. The line of loudspeakers cur- 
rently being manufactured uses an 
aluminum foil based voice coil, as 
illustrated. The use of aluminum 

offers advantages in that it can 
handle higher wattages; the voice 
coil is unaffected by temperature 
and humidity, the coil will not warp 
or crack, and better control of gaps 
is afforded. 

D -C Power Supply (26) 

SUPERIOR ELECTRIC Co., 177 Church 
St., Bristol, Conn. The 0 -3,000 -volt 
d -c power supply illustrated has 
been designed for continuous duty, 
small regulation, and easily ad - 
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EACH 

Reg. U. S. Pat. OR. 

from the LARGEST... 
to the SMALLEST 

SOCKET SET SCREW 
with 

"UNBRAKOr SOCKET HEAD 

CAP SCREW 

The "Unbrako" Socket 
Head Cap Screw has a 

knurled head which makes 
it slip- and fumble -proof, 
though the fingers and 
head be ever so oily, there- 
fore, it can be screwed -in 
faster and farther before 
it becomes necessary to 
use a wrench. 

the KNURLED CUP POINT 

is a product of 

"UNBRAKO" SOCKET 

SET SCREW 

Pat'd & Pats. Pend. 

The "Unbrako" Socket 
Set Screw with the 
knurled threads in a Sett - 

Locker, too, for Flat, 
Oval, Cone, One -Half 
and Full Dog Points. 

"HALLOWELL" KEY KIT 

You can't screw socket 
screws in or out without 
a hex socket wrench, so 
why not get our No. 25 

or No, 50 "Hallowell" 
Hollow Handle Key Kit 
which contains most all 
hex bits. 

KITS: Pats. Pend. 

This extremely small "Un- 
brako" Socket Set Screw 
is a fulfledged Self -Locker 
-knurled cup point and 
all. 

Continuous /eeseai'cIi 

and /0reciiion Manu/acture 

perfect in every detail . . . no matter how large or 
small the "Unbrako". 

Each has the accuracy, strength and dependability 
so important in the electronic and small precision 
instrument field . . . each has the internal wrench- 
ing feature that facilitates compact designs . . . 

each is a Self -Locker because its knurled cup point 
digs -in and stays tight regardless of the most chat- 
tering vibration . . . and each can be easily back- 
ed -out with a wrench and used over and over again 
any number of times. 

Write for your "Unbrako" Catalog, it describes "Un- 
brako" Socket Screw Products in detail. 

"Unbrako" and "Hallowell" Products are sold entirely 
through distributors. 

Knurling of Socket 
Screws originated with 
"Unbrako" in 1934. 

OVER 44 YEARS IN BUSINESS 

STANDARA PRESSED STEEL CO. 
JENKINTOWN, PENNA., BOX BRANCHES: BOSTON CHICAGO DETROIT INDIANAPOLIS ST. LOUIS SAN FRANCISCO 
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Photo courtesy of EMERSON Radio & Phonograph Corp. 

WHY ARE CORWICO WIRE PRODUCTS SPECIFIED 
BY THIS LARGE RADIO MANUFACTURER? 

Because their ENGINEERING Department values their faith- 
ful performance of the requirements of insulation resist- 
ance and voltage breakdown .. . 

Because their PRODUCTION Department finds that they 
possess the essential qualities which permit easy pushback 
or mechanical stripping .. . 

Because their PURCHASING Department finds that these 
quality products, backed by dependable service, are 
sold at prices that spell true economy .. . 

CORNISH WIRE CO., 

15 Park Row New York City, 1 

NEW PRODUCTS (continued) 

justed output voltage. The maxi- 
mum d -c output current is 0.5 am- 
pere. It operates from a 115 -volt, 
single-phase, 50/60 -cycle source. 
The power supply uses a full -wave 
bridge rectifier consisting of four 
type 866/866A tubes. A time -delay 
relay is provided which allows the 
filaments to be adequately heated 
before high voltage is applied. All 

major components are either potted 
or hermetically sealed. 

Contact Tape (27) 

D. E. MAKEPEACE CO., Attleboro, 
Mass. Bar contact tape for use on 
spring contact arms can be supplied 
by the company, which also pro- 
vides an assembly service when 
desired. Palladium and palladium 
alloys on pure nickel base, silver 
tape or other combinations can be 
attached to contact arms to provide 
low-cost and satisfactory make and 
break of circuits. 

Remote Position Control (28) 

YARDENY LABORATORIES, INC., 105 
Chambers St., New York 7, N. Y. 
The Synchro-Link works on the 
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o 

From 600 to over 30,6,00 Volts 

Modern functionally designed capacitors. Metal 
ferrules are soldered to silver bands used to each 
end of heu ,y -walled glass tubes. This vacuum tight 
assembly isfungus-proof und pa.cse..5 Nir,nal Corps, 

rorp.r und Sarh thermal rile!. nn,t i..iwrsion 
tests. 

Announcing an illustrated technical booklet on uses of 

PLASTlCON* GLASSMI t S 
Contains the following subjects:- 

Glassmike characteristics and design data 
Comparison of Glassmike and Mica Capacitors 
Uses of Glassmikes for improved RF and Audio bypassing 
Use in Audio and RF coupling 
Glassmike in television power supplies 
Video coupling 
Vibrator buffer applications 
Geiger Counter Capacitors 
Instrument capacitors 
And many other applications 

*PLASTICONS: Plastic -Film Dielectric Capacitors 

Come in and visit 
our exhibit at the 
I.R.E. show, 
March 3-7, incl. 

WRITE for above free booklet 
on your firm letterhead. 

Order from your jobber: if he cannot supply you, order direct 

f ondenscr Products (ompang 
1375 NORTH BRANCH STREET CHICAGO 22, ILLINO2.5 
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Far beyond the moon... 

Hathaway Type 512.A 12element Portable Oscillograph 

Very small Automatic Simple to operate 

ONE OF A COMPLETE LINE OF RE- 
CORDING OSCILLOGRAPHS AND 

HIGH-SPEED GRAPHIC INSTRUMENTS 

Men talk of trips 
to the moon nowadays but 
science has already travelled 
far beyond in its search for 
truth ... from inconceivable 
distances come faint glimmer- 
ings that reveal secrets of dis- 
tant universes. 

Just as these messages 
from space are interpreted by 
MEASUREMENTS, so has 
every scientific discovery re- 
sulted from our ability to 
build and to use A%CURATE 
MEASURING INSTRU- 
MENTS. 

To keep abreast with the 
ever-changing needs of mod- 
ern research, Hathaway engi- 
neers are constantly working 

on new measuring instruments, constantly improving 
older ones. Whatever may be YOUR new problem 
in MEASUREMENT OR CONTROL, Hathaway 
experience can help you. 

WRITE FOR TECHNICAL BULLETIN SP -167A 

INSTRUMENT COMPANY 
1315 SO. CLARKSON STREET DENVER 10, COLORADO 

NEW PRODUCTS (continued) 

principle of a self -balancing elec- 
tronic bridge. It consists of a mas- 
ter control with calibrated dial, a 
vacuum -tube chassis, and the load 
control potentiometer geared to a 
motor or otherwise coupled to the 
load. Several slave units can be con- 
trolled by the same master station. 
Further details are ava`.lable in a 
single -sheet leaflet. 

Improved Fleet Control (29) 

THE HAMMARLUND MFG. CO., Inc., 
460 West 34th St., New York 1, 

N. Y. An improved model of the 
dial -operated fleet control system 
for taxis, police, and utility ears 

includes a circuit to ring a bell and 
flash a light when the particular 
vehicle is called. The light remains 
on to warn an absent operator on 
his return that he has been called. 

Moving -Coil Pickup (30) 

COOPER MFG. CO., 17 Hanway St., 
London, W. 1., England. A new 
lightweight moving -coil pickup re- 
quires a pressure of 0.5 ounce on 
the record and has a response es- 
sentially flat from 30 to 12,000 cy- 
cles. Replacement of the sapphire 
stylus has been facilitated by use 
of a special tool. The device is ro- 
bust enough not to be easily dam- 
aged by dropping on the record. 

Sound System Pads (31) 

GENERAL ELECTRIC CO., Syracuse, 
N. Y. Wire -wound L -pads and T - 
pads for sound systems, covering 
impedance ranges from 8 to 600 
ohms, have just been announced. 
The T -pads may be used as vari- 
able attenuators in stable line im- 
pedance circuits, while the L -pads 
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For phono- combinatians that aren't being born in a hurry . . 

If you manufacture the kind of combination that 

takes its precious time coming off the drawing 

board - and off the assembly line - Garrard is 

your record changer. 

For the most part, Garrard changers have been 

finding their way into those custom-built assemblies 

where every component is hand-picked, without a 

sidewise glance at cost. Your finest combinations 

are made that way, and there is every reason why 

you can and should select Garrard. 

It's as simple as this: with Garrard in your com- 

bination, you can feature the changer as you fea- 

ture cabinetry and tone quality. You can point up 

the watch -like construction; the exclusive governor - 

controlled, speed -regulated motor; the non -slip 

spindle ... and more. Most important ... Garrard 

has the "look" of belonging in distinctive sets. 

Send for a sample changer. Garrard Sales Cor- 
poration, 315 Broadway, New York 7, New York. 

PRECISE AS A WATCH 
1. Exclusive speed -regulated, governor -controlled motor 
2. Completely automatic intermixing 
3. True tangent, jewelled -pivot tone arm 
4. Exclusive non -slip spindle 
5. Automatic stop 
6. Heavy fly -wheel action built into turntable 
7. Only one operating control required 
8. Full swivel tone arm for changing needles 
9. Kind to fragile records; no knives or trick spindles 

. they ask for it by name .. . 

WORLD'S FINEST AUTOMATIC RECORD CHANGER 

GARRARD ADS APPEAR CONTINUALLY IN EVERY IMPORTANT CONCERT PROGRAM AND IN LIFE SATURDAY 
EVENING POST NEW YORK TIMES MAGAZINE HOUSE BEAUTIFUL HOUSE AND GARDEN RECORD REVIEW 

ELECTRON CS -Pdarrh, 1947 227 

www.americanradiohistory.com

www.americanradiohistory.com


Séece'uì«c etuEated 
POWER SUPPLIES 

Built to rigid U. S. Government Specifications 

SPECIFICATIONS 
INPUT -115 v. 50-60 cycle 
REGULATIONS-Less than 1/20 volt change in output voltage with change of from 

100-140 V.A.C. input voltage & from NO-LOAD to FULL -LOAD (over very wide 
latitude at center of variable range) 

RIPPLE-Less than 5 millivolts at all loads and voltages 
DIMENSIONS-Fits any standard rack or cabine+ (overall: 19 in. wide; 121/4 in. high. 

II in. deep; shipping wt. -100 pounds) 
TYPE A-VARIABLE FROM 210-335 V.D.C. © 400 M. A. 
TYPE El-VARIABLE-TWO RANGES: 400-600 V. D. C. @ 125 

M A. and 600-890 V. D. C. @ 125 M. A. 

CONSTRUCTION FEATURES 
Weston model 301 (or equal) millimeter and voltmeter Separate switches, pilot lights, 
and fuses for FIL and PLATE VOLTS All tubes located on shockmount assemblies 
Fuses mounted on front panel and easily accessible Can vary by turning small knob 
on front of panel. Can easily modify Type BI from POSITIVE to NEGATIVE output 
voltage Individual components numbered to correspond with wiring diagram. 
Rigid construction: components designed to withstand most severe military conditions- 
physical and electrical; were greatly under -rated. 

All units checked and inspected at 150% rated load before shipment. 

Tube complement:Type 
A: 2-836; 6-6L6; 2.65F5; 1-VR150; 1VR105 

Type B1: 2-836; 2.6L6; 2-6SF5; 1VR150. 1-VR105 

IMMEDIATE DELIVERY 

NET PRICES-F. O. B. BALTIMORE. MD. 
TYPE A-$185.00 TYPE G1-5179.00 

Complete with tubes and ready to plug in-Prices subject to change without notice 

NATIONAL RADIO SERVICE CO. 
Reisterstown Rd. & Cold Spring Lane Baltimore 15, Md. 

NEW PRODUCTS (continued) 

have application as individual vol- 
ume controls for multiple speakers 
or as attenuation controls for con- 
stant impedance at either the source 
or load. Rated at a maximum power 
dissipation of 2.5 watts, the units 
have a continuous range of from 
0.5 to 30 decibels attenuation in 90 
degrees of rotation, the last ten 
percent affording infinite attenua- 
tion. 

High Current Capacitors (32) 

SOLAR MFG. CO., 285 Madison Ave., 
New York 17, N. Y. Small filter 
capacitors capable of continuous 
use at currents up to 100 amperes 
with line voltages up to 250 volts 

a -c are suitable for 3 -terminal net- 
work filters to attenuate radio 
interference from motors and other 
rotating equipment. Capacitance 
values up to 0.75 microfarad are 
available. 

Electronic Timer (33) 

SPECIAL PRODUCTS CO., Silver 
Spring, Md. The Speco -Rhein elec- 
tronic timer is useful for time de- 
lay action in timing short intervals 
and for continuously repeating a 
definite cycle of time. The new unit 
is compact in size, and is housed in 
a cast aluminum case for wall 
mounting. The standard unit pro- 
vides timing ranges from 1/10 sec- 
ond to 60 seconds, although other 
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1 WON'T BURN OR 
SUPPORT FLAME 

2 PERMANENTLY 
AGE RESISTANT 

SIX REASONS WHY 
ROCKBESTOS WIRES AND CABLES 

Give Your Products 

Performance Protection 

Longer Life 

and Added Sales Appeal 

301E AND GREASE 4 RESISTS HEAT MOISTURE REMAINS 
RESISTANT AND OXIDATION RESISTANT FLEXIBLE 

Offer "Immediate Delivery" today and you can sell electrical 
products in quantity regardless of quality. But will they stay 
sold ... or will dissatisfied customers run up your operating 
costs with demands for replacements, repairs or servicing? 

There's no substitute for quality when performance has to sell 
your product and keep it sold. And where wire is concerned you 
can guard against future trouble and build a reputation that will 
increase sales by wiring with permanently insulated Rockbestos 
wires, cables and cords. They ,are built to outlast your product ... insulated with heat, flame and age resistant impregnated 
asbestos to eliminate failures caused by overloads, high ambient 
temperatures and hard usage under severe operating conditions. 

Let Rockbestos permanently insulated wires help guarantee 
the performance of whatever you make ... aircraft, buses, 
cranes, electronic calculators and controls, locomotives, motors, 
radio transmitters, ranges and hundreds of others. For recom- 
mendations or a catalog write to: 

ROCKBESTOS PRODUCTS CORPORATION 
445 Nicoll St., New Haven 4, Conn. 

ROCKBESTOS 
The Wire with Permanent Insulation 

A feu' of the 175 permanently insulated wires, 
cables and cords developed by Rockbestos to protect 
performance and gire lasting service. 

--- . ---- ---s- 
ROCKBESTOS FIREWALL HOOKUP WIRE 

This heat, (Lune and moisture resistant wire, insulated with 
high dielectric tales and impregnated felted asbestos and 
covered with color -roiled, lacquered glass braid, has a maxi- 
mum operating temperature of 14.E ('.Ideal for radios, tele- 
vision, amplifiers, ealrulatorn or .small motor, roil, dyna- 
motor and transformer leads. No. iHH to 4AWG in 1000 volt 
rating - No. l-2, I t and 11ì AWG in 3,000 volt, also in 
twisted pair, tripled, shielded and multi -conductor con- 
struct ions. 

ROCKBESTOS THERMOSTAT CONTROL WIRE 

A multi -conductor control wire fur low voltage inter- 
communications, signal and temperature control systems. 
Its asbestos insulation and .steel armor assure trouble -free 
circuits. Sizes No. 14 to 18 AWG in two to five conductors 
with .0125", or .Oils" - or (for 115 volt service) .031" 
impregnated asbestos insulation. 

ROCKBESTOS A.Y.C. MOTOR LEAD CABLE 

Use this apparatus cable for roil connections, motor and 
transformer leads exposed to overloads and high ambient 
temperatures. Insulated with impregnated felted asbestos 
and varnished cambric, and covered with a heavy asbestos 
braid, it is heat -proof and resistant to oil, grease, moisture 
and flame. Sizes 18 AWG to 1,000,000 CM. 

NEW YORK BUFFALO CLEVELAND DETROIT CHICAGO PITTSBURGH ST. LOUIS LOS ANGELES SAN FRANCISCO SEATTLE PORTLAND, ORE. 
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HOW MANY 

VARIATIONS 
ARE THERE TO A 

STANDARD DESIGN 

Acme Electric transformers are 
designed to basic standards 
to which variations can be 
adapted to exactly meet the 
requirements of the applica- 
tion. For example, Mounting 
Type 100 is for horizontal 
mounting while type 101 is 

for vertical mounting, yet both 
are basically identical. And 
in either case, one or both 
mounting legs may be turned 
down for side mounting to save 
space. The number of leads or 
terminals may also be varied 
to comply to the electrical spe- 
cifications desired. All things 
considered, Acme transform- 
ers made from standard parts 
to special specifications are 
available in hundreds 
of ratings and to ex- 
actly the physical di- 
mensions, design and 
electrical characteris- 
tics you require. Acme 
Transformer Engineers 
will be glad to assist you 
by designing transformers 
to improve the perform- 
ance of your product. Bul- 
letin 168 gives more details. 

TYPE 101 

ACME ELECTRIC CORPORATION 
31 Water St. CUBA, N.Y. 

NEW PRODUCTS 

ranges are available. Interval vari- 
ations are less than 2 percent in 
repeat cycle timing and less than 3 

percent for as high as 10 percent 
variation in line voltage. Because 
of the characteristics of the resis- 
tor -capacitor elements the range is 
spread out in a logarithmic scale, 
making the dial dimensions wide in 
the shorter time periods. 

Cue -Control Attenuators (34) 

THE DAUEN CO., 191 Central Ave., 
Newark 4, N. J. A new line of at- 
tenuators with built-in cueing con- 
trol transfers program material to 

a cueing amplifier at the extreme 
attenuation position so that a pro- 
gram can be brought in smoothly 
without manipulation of additional 
cueing switches. 

VHF Power Tube (35) 

GENERAL ELECTRIC CO., Syracuse, 
N. Y. A new vhf power tube, type 
GL -5513, with a tube output rang- 
ing to 2 kw, has been designed for 
television and f -m applications un- 
der class B and class C conditions. 
The new tube can be operated up to 
220 megacycles and it may be 
adapted to dielectric heating serv- 
ices employing the higher frequen- 
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ON... 
The NC -173 s the wholly new product of ri i hs of pod -war research, 
pro npted by war -time adva ices n radie te -:bague. 

The new "Double Diode" noise limiter and the new AVC system are 
effective on both phone and CW. The voltage -regulated oscillator cir- 
cuits are extremely stable. The frequency range includes the 6 -meter 
amateur band. (0.54 to 31 and 48 to 56 MC.1 

The NC -173 offers all the features you expect in a fine receiver. A 
glance at the illustration below will suggest the versatility of its adjust- 
ments and the handiness of its controls, but only a trial will prove its 
thoroughbred qualities. Study the advanced design of its 13 -tube cir- 
cuit, appraise its modern styling and challenge its performance with 
the toughest conditions that crowded amateur bands can offer. 

Here is a receiver a man can be proud to own. See it at your dealer's 
within the next 30 days. 

COMPANY, INCORPORATED 
Malden, Moss. 

THE MCST DISTINCTIVE NAME IN RADIO COMMUNICATIONS 
ELECTRONICS - March, 1947 
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HERE'S THE NSW 
INDUSTRIAL and TELEVISION 

PI' :CKETSC:' PE 

A 3 INCH 

OSCILLOSCOPE 

for MEASURING 

AC and DC ! 

MODEL S -II -A 

WATERMAN! 
An OSCILLOSCOPE 

of UNUSUAL 

VERSATILITY, 

UTILITY and 

PERFORMANCE 

$99 
F. O. B., PHILADELPHIA 

AMPLIFIERS for vertical and horizontal deflection as well as 

intensity ... Linear time sweep from 4 -cycles to 50-kc with 

blanking of return trace ... Sensitivity up to 100 my/in .. . 

Fidelity up to 350-kc through amplifiers ... Attenuators for 

AC and for DC ... Push-pull amplifiers ... Anti -astigmatic 

centering controls ... Trace expansion for detail observations. 

Chassis completely insulated from input circuits assures safety in indus- 

trial applications ...Direct connections to deflecting plates and intensity 

grids from rear ... Retractable light shield ... Detachable graph screen 

... Handle ... Functional layout of controls. 

COMPLETELY PORTABLE l 

81/4 lbs.... 11" x 7" x 5" 

_.- WATERMAN PRODUCTS CO., INC.I 
,lllllll I (, In,. 

WATERMAN PRODUCTS 
PHILADELPHIA 25, PA. 

NEW PRODUCTS (continued) 

cies. When used as a grounded -grid 
amplifier in class C telegraphy, the 
tube has an output of over 2 kw 
with a power gain of ten. In class 
B video service under synchronizing 
peak conditions in a grounded -grid 
circuit, output exceeds 1 kw, with 
approximate power gain of 8. 

Filament current of 32 amperes 
and filament voltage of 6.3 volts 
plus a grid -plate interelectrode ca- 
pacitance of 8.7 uuf are among the 
electrical characteristics of the new 
tube. Maximum plate voltage rat- 
ing under class C telegraphy condi- 
tions is 4,000 volts. For class B 
video operation the maximum plate 
voltage rating is 3,000 volts. 

Hand Microphone (36) 

THE TURNER Co., Cedar Rapids, 
Iowa. The model 20X crystal micro- 
phone withstands high humidity. 
Frequency response range is 50 to 
7,000 cycles. Effective output level 
is 54 db below 1 volt per dyne per 

square centimeter. A high -imped- 
ance unit, it can be used with any 
standard amplifier employing high - 
impedance input. Where cost is a 
factor, it is ideal for home record- 
ers, public address, amateurs, pag- 
ing, and call systems. 

Synchronous Motor (37) 

R. W. CRAMER Co., Centerbrook, 
Conn., the SX motor is primarily 
intended for applications that re- 
quire a constant speed at a given 
frequency. It has a torque of 30 
inch -ounces at 1 rpm. Power input 
is 2.7 watts at 115 or 230 volts, 60 
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How to describe HOLLISTON Special Purpose Fabrics so that you 

will immediately recognize a use for them in your industry ? That 

is the problem; and it has us stumped. Because these amazing 

fabrics have so many variable characteristics, so many potential 

uses. For instance, they can be flame -resistant and water-repellent. 
They can be impervious to mild acids, alkalies and solvents. They 

can be endowed with surprising dielectric and accoustic properties. 

They can be any or all of these things. What do they look like ? 

They can be made to simulate almost any material you wish, for 
they can be fine as silk or coarse as burlap and either limp or stiff. 

Many HOLLISTON Special Purpose Fabrics are already serving in- 

dustry daily. Most likely there is a HOLLISTON Fabric that will meet 

all your requirements. Find out today! 

HO L LIS IO r 
-tlec-ZAZ 6D P -d -agi -4 

THE HOLLISTON MILLS, INC., NORWOOD,-MASSACHUSETTS 
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The No. 43000 
AIR WOUND INDUCTORS 

and ACCESSORIES 
Plug-a cir wound inductors, coil forms, jack 
bars and sockets that have been "Designed for 
Application." The sockets are of the "straight 
line," type, facilitating symmetrical circuit or- 
rangenerds and avoiding the undesirable 
bunching sf leads, os when standard tube base 
socket. plu-t arrangements are used. Illustrated 
herewith cre units from the small 75 watt or 
43000 ser es. Two larger groups, the 44000 
rated ar 153 wafts and the 42000 rated at 500 
wafts are also regularly available from your 
distributer of Millen radio products. 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MMSACHUSETTS 

zL 

NEW PRODUCTS (continued) 

cycles. Rotor speed is 240 rpm at 
60 cycles. Twenty-eight standard 
gear trains, ranging in speeds from 
60 rpm to one revolution in 24 
hours, make the unit adaptable to a 
variety of applications. Coils are 
easily removable for changes in 
voltage rating or field servicing. It 
is described completely in Bulletin 
No. 10. 

Antenna Changeover (38) 

ADVANCE ELECIRiC AND RELAY Co., 
1260 W. 2nd St., Los Angeles 26, 
Calif. Twin relays are available for 
switching of two -wire open trans- 

a 

r ai- 

mission lines. Since they can be 
placed any distance apart down to 
two inches they minimize discon- 
tinuities in line spacing. 

Constant -Speed D -C 
Motor (39) 

AMGLO CORP., 4234 Lincoln Ave., 
Chicago 18, Ill. An improved model 
of the constant -speed d -c motor is 

DC 702 and DC 703 
Silicone Diffusion Pump Fluids 

STABLE TO AIR AND MOISTURE 
AT OPERATING TEMPERATURES 

In electron microscopes 
In metal evaporator systems 
In producing vacuum tubes 
In dehydrating foods or pharmaceuticals 

Never before have there been diffusion pump oils 

producing vacua up to 5 x 10-8 yet able to 

withstand atmospheric pressure at operating 
temperatures without appreciable decomposition. 

DC 702 and DC 703 have those properties. 
Their vapor pressures are as low or lower than 
the best organic diffusion pump oils: recovery 
times after exposure to atmosphere at operating 
temperatures are much faster. Ultimate vacuum 

obtainable with DC 703 in a three -stage glass 

pump without cold traps is less than 5 x 10-1 mm. 

DC 702 has a lower boiling point, operates 
against a higher forepressure and produces 
vacua in the range of organic diffusion pump oils. 

Additional information about DC 702 and DC 

703 is contained in pamphlet No. N 9-3. 

SILICONE FLUIDS AS LIQUID DIELECTRICS-DC 
200 Fluids are used in liquid filled condensers 

because of inherent stability, inertness to moisture, 

and a dielectric constant and power factor 
which change very little over a wide frequency 
spectrum. For additional data on DC Silicone 

9uids write for catalog No. N 1-5. 

DOW CORNING CORPORATION 
MIDLAND. MICHIGAN 

Chicago Office: Builders' Building 
Cleveland Office: Terminal Tower Building 

New York Office: Empire State Building 
In Cando: Dow Cormnq Products Distri- 
buted by Fiberglas Canada, Ltd., Toronto 

OW orning 
FIRST IN SILICONES 
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Furniture Builders 
are "Sitting Pretty" 

AND SO ARE THEIR CUSTOMERS... 

... when Costs are Cut - Appearance and Durability 
improved - by AMERICAN PHILLIPS SCREWS 

4-WINGEDF 
PHILIPS 

OUIRIVER ritN'T SLIP 

PS 
RECESS 

IN THE FACTORY: The most modern fastening for all types of furniture is the American 
Phillips Screw. Easy to handle ... lightning -fast and automatically straight to drive .. . 

fumble -proof, slip -proof and damage -proof ... American Phillips Screws deliver top savings 
on any fastening job in any type of plant from furniture to railroad cars. Put these 
engineered screws on your costs - and watch your time -savings shoot up as high as 50%/a! 

IN THE SALESROOM: One of the hallmarks of fine furniture and other household 
appointments is the decorative, straight -set, unburred head of the American Phillips Screw. 
More and more quality -minded buyers look for this distinctive feature-both for the sake of 
appearance, and as a visible assurance of sturdy construction and long service-their money's 
worth and then some! Your product should have this cost-cutting, sales -building advantage. 

AMERICAN SCREW COMPANY, PROVIDENCE 'I, RHODE ISLAND 
Chicago II: 5E9 E. Illinois St. Detroit 2: 502 Stephenson Bldg. 

AMERICAN 
PHILLIPS 

,.. Ai 

ALL TYPES 
ALL METALS: Steel, 
Brass, Bronze, Stain- 
less Steel, Aluminum. 
Monet, Everdur (sili- 
con bronze) 
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WOLLASTON PROCESS WIRE 

drawn os small as .000010"; 

Made to you specifcations 

for diameter and resistance 

WRITE fer list of produces. 

u1 te# #. 

ia0/ NW IV» 
effl 

NEW PRODUCTS (continued) 

adapted to many uses formerly be- 
yond the scope of the d -c field, par- 
ticularly in industrial and commer- 
cial applications where synchronous 
units are required. The new model 
utilizes the principle of polarized 
magnetic drive of a vibrating reed, 
the nucleus of speed control under 
d -c power. Due to simplified design, 
the new motor is small enough to 
be held in the palm of the hand, 
though available for use at 3, 6, 12. 
24, 32, or 110 volts. 

Mercury -Vapor Rectifiers (40) 

EITEL MCCULLOUGH, INC., 1018 
San Mateo Ave., San Bruno, Calif. 
Eimac type 866A and 872A mer- 
cury-vapor rectifiers are directly 
interchangeable with types 866A/ 
866 and 872A/872 of other manu- 
facture. Type 866A operates with 

2.5 filament volts, peak inverse volt- 
ages as high as 10,000 volts, and a 

maximum average plate current of 
0.25 ampere. The 872 has a 5 -volt 
filament and carries a maximum 
peak inverse voltage rating of 10,- 
000 volts and a maximum average 
current rating of 1.25 amperes. 

Rotary Beam Turntable (41) 

PREMAX PRODUCTS DIVISION of Chis- 
olm-Ryder Co., Inc., Niagara Falls, 
N. Y. The Rotomount hand -operated 
mounting for rotary beam antenna 
arrays is formed of heavy sheet 
steel, spot-welded. The moving plat- 
forïn is supported on a 7 -inch ball 
thrust bearing. A ri -inch opening 
through the center of table and 
shaft provides space for leads. Cable 

Practical 

MATHEMATICS 
for solving 

engineering and 
physics problems 
Here is a book that 
demonstrates the ap- 
plication of higher 
mathematics in solv- 
ing hundreds of tech- 
nical problems in the 
fields of civil, elec- 
trical, and mechan- 
ical engineering, and 
classical physics. 
This comprehensive 
volume offers a new 
approach to applied 
mathematics for en- 
gineers and physi- 
cists by highlighting 
important techniques, 
applicable to various 
fields, such as wave 
motion, heat conduc- 
tion, etc. This method of presentation enables you 
to find quickly, exactly what you need to solve your 
particular problem. Each of the 22 chapters con- 
cludes with practical problems and exercises taken 
from the fields of engineering and physics which will 
help you heroine more proficient in the use of 
methods useful in your own work. 

Just Published 

APPLIED 
MATHEMATICS 
for ENGINEERS 

and PHYSICISTS 
By LOUIS A. PIPES 

Rescose?, cod El,, tronica Division, Hughes Aircraft Co. 

618 pages, 51/2 x 81/4, 187 illustrations. 
$5.50 

In this book, the mathematics of mechanical and 
electrical oscillations, electrical field theory, mod- 
ern operational calculus, nonlinear oscillations, and 
potential field theory is clearly set forth. It pro- 
vides you with a much -needed analysis of non- 
linear oscillating systems and also with an en- 
lightening discussion on modern methods of using 
matrix algebra to determine natural frequencies of 
oscillating systems and the systematic use of the 
operational or Laplace transform methods of solv- 
ing differential equations. Every topic which forms 
the mathematical equipment of a scientific engineer 
nr a physicist is covered completely. 

Shows you .. . 

-how to measure the deflection of beams by 
transvere forces 

-how to find the lowest natural frequency of 
a vibrating system 

-how to determine the deflection of a cord 
stretched between supports in various condl- 
tions of loading 

-how to determine the steady state of mesh 
currents, etc. 

See it IO days FREE Mail coupon 

McGraw-Hill Book Co.. 330 W. 42 St., N. Y., 18 
Please send me Pipes' Applied Mathematics for 
Engineers and Physicists for 10 days' examination 
on approval. In 10 days I will send $5.50 plus Few 
cents postage or return book postpaid. (Postage 
paid on cash orders.) 
Name 
Address 
City and State 
Company 
Position 1 " 47 

For Canadian price, write Embassy Book Co., 
12 Richmond Street E.. Toronto I. 
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Made in Two Types 

#96 COSMALITE is for 
coil forms in all standard 
broadcast receiving sets. 

Wall thicknesses from .010 

up. Punching if desired. 

SLF COSMALITE for Per- 

meability Tuners available 
in wall thicknesses from 
.0065 to .0095. 

See our Exhibit #421 
at the 

I. R. E. 

Radio Engineering Show. 

Consult us for details. 

*Trade mark registered. 

A spirally laminated paper base, Phenolic Tube 

COSMALITE` is the result 

of approximately seven 

years of research. You ob- 

tain the further advantage 

of definitely lower costs! 

Cur spirally wound 

kraft and fish paper 

Coil Forms and 

Condenser Tubes 

also possess excellent 

insulation properties. 

FAST DELIVERIES. Ship- 

ments are being made with- 

in four weeks. 

Inquiries given specialized 

attention. 

All -Fibre Cans 

Combination Metal 
and Paper Cans 

Spirally Wound 
Tubes and Cores 
for All Purposes 

Plastic and Combination 
Paper and Plastic Items r 

7die CLEVELAND CONTAINER ea. 
6201 BARBERTON AVENUE CLEVELAND 2, OHIO 

PRODUCTION PLANTS also at Plymouth, Wisc., Ogdensburg, N. Y., Chicago, III., Detroit, Mich., Jamesbarg, N. J. 

PLASTICS DIVISIONS at Plymouth, Wisc., Ogdensburg, N. Y. ABRASIVE DIVISION at Cleveland, Ohio 

New York Sales Office -1186 Broadway, Room 223 

IN CANADA-The Cleveland Container Canada Ltd., Prescott, Ontario 
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W 

Western Electric 
9A and 9B Reproducers 
Both assure faithful reproduction of 
either vertical or lateral transcrip- 
tions. The 9A has a diamond stylus 
tip with a 2 mil radius. It is espe- 
cially good for use with the narrow 
grooves of vertical cut discs. The 9B, 

1 PAIR! 

with a sapphire stylus tip of 21/2 mil 
radius, is especially good for use with 
the wider grooves employed in the 
lateral cut records. For full details, 
write Graybar Electric Co., 420 Lex- 
ington Ave., New York 17, N. Y.-or 

ASK YOUR LOCAI. 

r ÿbaR 
BROADCAST REPRESENTATIVE 

Illinois ... Your perfect source for 

ELECTROLYTIC 

CAPACITORS 

to meet your needs 
Our new plant is humming ... turning out Capacitors of 
finest quality . . . serving our growing list of customers. 
At Illinois as always, the emphasis is not on quantity but 
on quality condensers of lightweight, compact construction 
endowed with ruggedness for long life. Latest and most 
modern production equipment, newest manufacturing tech- 

niques and the rigid control standards of our trained 
engineering staff is guarantee of the best in Capacitors. 

Your copy of our latest cata!og is 
ready for you. Write for if today. 

gr= 
ILLINOIS CONDENSER CO. 
1616 NORTH THROOP STREET CHICAGO 22, ILL. 

NEW PRODUCTS (continued) 

pulleys are durai, and the flexible 
steel cable furnished is so mounted 
that it can not come off the pulleys. 

Signal Divider (42) 

KEITHLEY INSTRUMENTS, 1508 
Crawford Road, Cleveland 6, Ohio. 
The model 101 signal divider is an 
attenuator designed to provide the 
low-level input signals used in test- 
ing performance of high -gain am- 

plifiers. Since most laboratory oscil- 
lators can be controlled from 0.1 volt 
to 15 volts, the divider extends the 
range down to about 10 microvolts. 
Frequency range is 0 to 200,000 cps 
and input admittance is approxi- 
mately 11,000 ohms. Further de- 
tails are available in bulletins issued 
by the manufactures-. 

Steel -Shell Mike 
Connectors (43) 

CANNON ELECTRIC, 3209 Humboldt 
St., Los Angeles 31, Calif. Two 
steel -shell plugs which will mate 
with the standard type XL zinc re- 
ceptacles carry the additional 
designation SC. Overall length is 
slightly smaller than corresponding 
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When fine wire problems get in your hair 

ANYTIME you have a problem about fine 
wire- don't let it get in your hair - 

call on North American Philips. 

Because Philips is Fine Wire Head- 
quarters. 

This fine wire leadership stems out of the 
long experience Philips has had in close, fine 
precision manufacture ... over a half century 
of it ... and the knowledge and skill that 
comes from such long experience. 

In addition, Philips makes the precision 
diamond dies that make possible such delicate 
fine wire. So when you ask Fine Wire Head- 

quarters to solve your problems you benefit 
from all this accumulated experience. 

But don't think that split -hair fine wire is all 
Philips has to offer. At Fine Wire Headquar- 
ters you can get nearly all metals-in plairi, 
plated, enameled or clad fine wire. 

With the electronics field growing bigger 
and bigger, the trend is to smaller components 
and finer wire. To meet these demands for 
fine, close tolerance wires, now is the time for 
you to bring us your fine wire problems...write, 
wire or call Philips ... for ELMET Tungsten 
and Molybdenum and NORELCO fine wires. 

NORTH AMERICAN PHILIPS COMPANY, INC. 

Dept. E-3, 100 East 42nd Street, New York 17, N. Y. 
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ONLY 

STO K 

NO. $ 50 
94-376 

for 

?ax PRECISION OBSERVATI 

of Radio, Sound, Television a 

other Electronic Phenomena 

This new 5" Cathode Ray Oscilloscope is a 
precision instrument at an attractively low 
price, designed for practical application in 
laboratory research and production work. 
Sturdily built to stand up under continuous 
use, and ably engineered for accuracy, versa- 
tility and easy operation. Has wide frequency 
range, 10 cycles to 300 Kc. Deflection sensi- 
tivity, 1 volt RMS per inch. Sweep range, 10 
cycles to 60 Kc. in four steps. For 110-120 
volt, 50-60 cycle operation. In welded steel 
cabinet, with baked black wrinkle -finish; 
81/2" wide, 141 high, 181/2" deep. Instru- 
ment panel in black, with white designations: 
has removable calibrated plastic scale. Com- 
plete with tubes. No. 84-376. Net Only. $99.50 

Order from the Central Source 
Everything in Radio and Electronics 

ALLIED RADIO CORP. 
833 W. Jackson Blvd., Dept. 24-C-7. Chicago 7, Illinois 

E P4U 

Sead aa 
ALLIED 
Catalog 
No. 111 

PHENOL AND VULCANIZED 

FIBRE FABRICATIONS;' 
Close tolerances, any quantity- 
Volume production and accuracy of BAER phe- 
nol and vulcanized fibre parts have resulted 
in their wide specification for every type of 
product and equipment. Expanded facilities 
now make it possible to offer BAER production 
to manufacturers needing quality parts to exact 
requirements. Write today for Bulletin 120. 

N. S. BAER COMPANY 
etalimen ur faze Fail-at:454M 

7-11 MONTGOMERY ST. HILLSIDE N. J. 

4i> 

PUNCHED 
STAMPED 

SHAVED 
SAWED 

DRILLED 
MILLED 

TAPPED 

NEW PRODUCTS (continued) 

zinc -plug types. The socket insert 
assembly carries the latch -lock de- 
vice. The construction of the shell 
makes it adaptable to other uses 
than sound, providing the amperage 
requirements of the circuits do not 
exceed the 15 -ampere rating of the 
three contacts, and the minimum 
flashover voltage is not more than 
1,500 volts (250 v working voltage) 
under normal conditions. Bulletin 
XL-SC2 will be sent free upon re- 
quest. 

F -M Antenna (44) 

STROMBERG-CARLSON CO., Rochester 
3, N. Y. The DynaTenna, designed 
for use on both the 44 to 50 and the 
88 to 108 me f -m broadcast band, is 
adjustable and can be peaked to the 
particular frequency of any indi- 
vidual station for maximum re - 

spouse. The U-tube sections of the 
antenna are designed on the prin- 
ciple of the slide trombone, are 
easily adjusted and locked in place. 
and are calibrated in frequency 
graduations on both sides. The up- 
per side functions as a quarter - 
wave folded dipole to cover the 
lower frequencies in the 44 to 50 
me band. The lower side operates 
as a half -wave folded dipole in the 
higher frequencies of the 88 to 108 
me band. A flexible construction 
permits erection for vertical as 
well as horizontal polarization. The 
antenna is supplied with 60 feet of 
low -loss, 300 -ohm, plastic -covered 
lead-in wire recently standardized 
by the industry. 

VTVM Kit (45) 

FREDERIC D. SCHOTTLAND, 82-62 
Grenfell Ave., Kew Gardens, N. Y. 
Only screwdriver and soldering 
copper are named as requisites to 
assemble and wire a complete 
vacuum -tube voltmeter that is sold 
in kit form. Full range is 0.2 to 
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 a 2 r 
CONSIDER 

GENERAL 
ELECTRIC 

SELEN1U 

Important savings in space and weight are realized 

when you design General Electric Selenium Recti- 

fiers into electronic equipment. They'll give you more 

direct current per cubic inch, more per pound, than 

alternate types. General Electric offers a wide selection 

of capacities and sizes, from the mighty midget pic- 

tured above which delivers 4 volts at 0.1 milliampere 

to single stacks rated at 110 volts, 4 amperes. 

Whatever your requirements, General Electric 

Selenium Rectifiers pack a lot of punch where space 

is at a premium. They withstand extreme variations in 

ambient temperature, humidity, and atmospheric pres- 

sure. You can depend upon them for long, faithful ser- 

vice in series, parallel, or series -parallel arrangement. 

For a booklet of facts and 
figures, write direct to Sec- 
tion A18.331, Appliance 
and Merchandise Department, 
General Electric Company, 
Bridgeport 2, Connecticut. 
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MORE PER HOUR 

because operator tends 

three or more heads 

On the No. 102 Universal Coil Wind- 
ing Machine, machine production is 
synchronized with the time required 
to perform manual operations. 

One operator supervises several 
winding heads (two to six) simultane- 
ously, and winding is so scheduled that 
certain heads are producing while man- 
ual operations are performed on other 
heads. 

Winds on forms or directly on cores 
or bobbins ... each head controlled by 
electric counter which automatically dis- 
engages clutch upon coil completion 
... readily adjustable mechanism for 
governing wire -layer length, eliminating 
extra cams ... traverse changes easily 
made. 

Write for Bulletin 
102. Universal Wind- 
ing Company, P. 0. 
Box 1605, Provi- 
dence 1, R. I. 

For Winding Coils 
in Quantity, Automatically, 

Accurately- Use .. . 

236 6-2 

UNIVERSAL 
WINDING MACHINES 

NEW PRODUCTS (continued) 

300 volts, 20 cycles to 200 mega- 
cycles. Input capacitance is less 
than 7 p.p.f at all frequencies. 

Transmission Measuring 
Set (46) 

TECH LABORATORIES, INC., 337 Cen- 
tral Ave., Jersey City 7, N. J. A 
completely selfcontained, a -c oper- 
ated measuring set combines the 

functions of an accurate vacuum - 
tube voltmeter, fixed -frequency au- 
dio oscillator with four settings, 
and precision attenuator. Designed 
for broadcasters, it measures gain 
up to 80 db and losses down to 60 
db. The precision attenuator is flat 
to 20 kilocycles. 

Literature 
(47) 
Wiring Aid. Star Expansion Bolt 
Co., 147 Cedar St., New York 6, 
N. Y. A miniature socket wiring 
plug and miniature tube pin 
straightener used in production of 
small electronic equipment have 
been pictured in a small brochure. 

(48) 
Servo Unit. W. C. Robinette Co., 
802 Fair Oaks Ave., South Pasa - 

SIGMA 
SENSITIVE RELAYS 
have proven themselves in 
countless applications: 

Temperature Control 

V Vacuum Tube Circuits 

V Fire and Burglar 
Alarms 

VTelephone Dialing I Aircraft Controls 

High Speed Keying 

... and many others. 

s 
SIGMA 

SIGMA'S specialty is the com- 
bination of a fine relay and an 
unusually thorough approach to 
your specific application problem. 

SIGMA standard relays are 
available with various enclosures 
including fixed mountings, 5 -pin, 
and octal male plug bases. 

New relays are being devel- 
oped for special purposes. Send 
your requirements to SIGMA for 
dependable relay recommenda- 
tions. 

Sigma Instruments, INC. 

V RELAYS 
62 Ceylon St., Boston 21, Mass. 
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SHEET ROD TUBE FIBER BLOWN MACHINED; 

WARE PARTS 

eeY 

v r 

(00 

TURN TO PLAX FOR PLASTICS 

Plax supplies materials be- 

low in forms os checked 

They are available in a full 

color range. 

Cellulose Acetate 

Cellulose Acetate 

Butyrate 

Ethyl Cellulose 

Methacrylate 

Polyethylene 

Polystyrene 

Vinyls, Cerex, Styraloy, Plexene, and certain special copo ymers are also 

available from Plax, as are special extruded shapes in most materials. 

Plax is a leading source of elastics in 
sheet, rod, tube, and fiber blown forms - also machined parts. This ability of 
Plax to supply a wide variety of plas- 
tics in a wide variety of forms simpli- 
fies your task of obtaining the best type 
of material for your product. Plax of- 
fers you many unique plastics develop- 
ments, such as the tough and flexible 
Polyflex* Sheet, Laminated Polyflex, 

WRITE FOR THIS POLYSTYRENE DATA 

How to Machine Plax Polystyrene Products. 
How to Use Coolants with Plax Polystyrene Products. 
How to Cement Plax Polystyrene Products. 
How to Polish Plax Polystyrene Products. 
Notes on Design and Assembly of Plax Polystyrene 

Products. 
Die -cut Parts from Plax Polystyrene. 
How to Form Plax Polystyrene Rod. 

AND THIS PRODUCT INFORMATION 

Data Sheets on Plax Cellulose Acetate, Cellulose Ace- 
tate Butyrate, Methacrylate, Polyethylene, Polysty- 
rene and Ethyl Cellulose Products. 

Article on Plax's Blown Products. 
New special plastic shapes by Plax. 

and Polyflex fiber forms of polystyrene. 
At your disposal, too, is expert ad- 

vice on plastics applications by Plax 
engineers and a comprehensive library 
of technical data (see list of literature). 
These advantages point convincingly to 
the wisdom of turning to Plax for your 
plastics requirements - for both ma- 

terials and the guidance you may need 
in their application. 

*T.M. Reg. U.S. Pat. ON. 

133 WALNUT STREET * HARTFORD 5, CONNECTICUT 
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PHOTO ELECTRIC 

CELLS 

Turn Light Into Current 

Bradley's Luxtron* photo- 
cells convert light into elec- 
trical current. No addi- 
tional source of voltage is 
required. Light -actuated 
Bradley cells provide con- 
trol devices that give the 
longest life and need the 
least maintenance. 

In addition to the housed 
model shown, with its 
plug-in contacts, Bradley 
also offers tube socket, nut - 
and -bolt types and pigtail 
contact mountings. 

The shapes of Luxtron 
photocells vary from circles 
to squares, with every in- 
between shape desired. 
Their sizes range from very 
small to the largest re- 
quired. 
'T. M. Reg. U. S. Pet. Off. 

Illustrated literature, 
available on request, 
shows more models of 
Bradley photocells, plus 
a line of copper oxide 
and selenium rectifiers. 
Write for "The Bradley 
Line." 

BRADLEY 
LABORATORIES, INC. 

82 Meadow St. New Haven 10, Conn. 

NEW PRODUCTS (continued) 

dena, Calif. The Motron servo unit 
model 61A is a packaged continu- 
ous balance control system of great 
sensitivity that can be applied to 
automatic control or regulation of 
equipment. An illustrated sheet 
H-26 can be had from the company. 

(49) 
Insulators. Centralab, 900 E. 
Keefe Ave., Milwaukee 1, Wis. A 
new catalog includes 28 pages of 
information on standards, design 
criteria, body characteristics and 
common shapes of various cear- 
mic insulators. Included is data 
on metallized ceramics and printed 
circuits. 

(50) 
Tube Socket Guide. E. F. Johnson 
Co., Waseca, Minn. The 1946 edi- 
tion of the tube socket guide is in 
effect a detailed catalog of the 
company's sockets and connectors 
together with applications and 
illustrations. 

(51) 
Tube Data. Amperex Electronic 
Corp., 25 Washington St., Brook- 
lyn 1, N. Y. An 8 -page booklet con- 
taining tube data reference tables 
describes the complete line of 
transmitting, rectifying and indus- 
trial tubes manufactured by the 
company. 

(52) 
Portable Rectifier. W. Green Elec- 
tric Co., Inc., 130 Cedar St., New 
York, N. Y. The model 725S1C 
portable rectifier with output of 
25 amperes from 0 to 6 volts is 
completely described in literature 
available from the manufacturer. 

(53) 
Ball Bearings. New Hampshire 
Ball Bearings, Inc., 2 Main St., 
Peterborough, N. H. Bulletin 47 
describes a new line of small ball 
bearings suitable for instrument 
and small mechanisms use. 

(54) 
Bulletins. Sylvania Electric Prod- 
ucts, Inc., 500 Fifth Ave., New 
York 18, N. Y. Data sheets on sev- 
eral of the company's new products 
have just come off the press. Bul- 
letin EC -24 describes the use of 

FASTENING 

PROBLEM: 
To hold refrigerator 
shelf, attach extruded 
plastic strip to interior 
wall. Wall must be air -tight, porcelain- 
ized metal must not be chipped. 

Here's ho u' 

RIVNUTS 
solved it... 

8-32 thread blind -end aluminum Riv- 
nuts were inserted through holes in 
porcelainized metal into insulating ma- 
terial. Operated from one side only, 
simple header tool upset them. The 
plastic strip was placed-screw attach- 
ments entered into holes and tightened 
in clean threaded Rivnuts. Head of 
Rivnut kept wall air -tight, did not chip 
metal sheet. Installation time and 
money were saved because wall section 
didn't require removal ... maintenance 
was made easier. Perhaps this applica- 
tion might point the way to the solution 
of your fastening problem. 

FREE "RIVNUT DATA BOOK" 

Illustrated Rivnut facts 
at yourfingertips. How to 
install, uses, types, test 
data, tools. Write today 
for your free copy to The 
B. F. Goodrich Company, 
Dept. E-37, Akron, Ohio. 

B.F. Goodrich 

RIVN UTS 
It's a rivet-It's a nutplate 
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WESTON ELECTRICAL INSTRUMENT CORP. 

tFfM,-r,? .. t.r.I.f1.s.A 
¡; 

f4Criïtl:j. //¡ ` 

f.,r., r G t 
( r+FF( 

MODEL 430 SERIES 

'Named Avdeteded 

Universal favorites for electrical testing and mainte- 
nance ... compact and extremely rugged, high -visibility mirror 
scales and knife edge pointers, accuracy and dependability in the 

WESTON tradition ... all at relatively low initial cost. Available 
for all AC and DC requirements. See your nearest WESTON repre- 
sentative or write direct ...Weston Electrical Instrument Corporation, 
618 Frelinghuysen Avenue, Newark 5, New Jersey. 

Weston 7.7. e/dt 
ALBANY ATLANTA BOSTON BUFFALO CHARLOTTE CHICAGO CINCINNATI CUR RAN DALLAS 

DENVER DETROIT JACKSONVILLE KNOXVILLE LOS ANGELES MERIDEN MINNEAPOLIS NEWARK 

NEW ORLEANS NEW YORK PHILADELPHIA PHOENIX PITTSBURGH ROCHESTER SAN FRANCISCO 

SEATTLE ST. LOUIS SYRACUSE IN CANADA, NORTHERN ELECTRIC CI., LTD., POWERLITE DEVICES, LTD. 
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"New Times-New Modes", says old proverb. These new 
attenuators were born to meet new war -created demands 
They represent a new medium frame size: Type 800 (21/4" 
dia.) and a larger size: Type 900 (3" dia.). The Type 800 
is supplied as potentiometer, rheostat, ladder and T -pad up 
to 20 steps. The larger size Type 900 is similarly furnished S) 
with up to 45 steps. Write for new bulletin. 

Manufacturers of Precision Electrical Resistance Instruments 

337 CENTRAL AVE. JERSEY CITY 7 N.J. 

NEW PRODUCTS (continued) 

the hydrogen thyratron type 4C35. 
Bulletin EC -23 gives further infor- 
mation on the type R4330 elec- 
tronic flash tube. Germanium and 
silicon crystals are covered in bul- 
letins EB-6 and EC -22B. 

(55) 
Marine Radiotelephone. Radioma- 
rine Corp. of America, 75 Varick 
St., New York 13, N. Y. A new 
two-color folder details the fea- 
tures of a 75 -watt radiotelephone 
transmitter -receiver combination, 
model ET -8012-D. The transmitter 
has ten crystal -controlled chan- 
nels and a nine -tube receiver is 
used for two-way communication. 

(56) 
Phototube. Radio Corp. of Amer- 
ica, Harrison, N. J. A high -vac- 
uum, blue -sensitive phototube, 
type 1P42, recently announced, is 
completely analyzed in a leaflet 
now available. The tube has been 
designed particularly for control 
purposes in applications where 
space limitation is of prime con- 
sideration, the maximum diameter 
of the tube being 1 inch. 

(57) 
Vibration Pickup. The MB Mfg. 
Co., New Haven, Conn. A four - 
page, two-color leaflet pictures all 
aspects of an interesting magnetic 
pickup used for industrial vibra- 
tion analysis. 

(58) 
Audio Components. Burnell and 
Co., 10-12 Van Cortlandt Ave., 
East, Bronx 58, N. Y. High -Q tor- 
oidal coils, equalizers and attenu- 
ation filters are described in a 
four -page two-color catalog re- 
cently issued. 

(59) 
Resistor Bulletin Resistors, Inc., 
2241 South Indiana Ave., Chicago 
16, Ill. A new catalog bulletin of 
resistor data on the full line of the 
company's resistors and windings 
is now available. Write for bulletin 
87. 

(60) 
Graphic Pyrometer, Leeds and 
Northrup Co., 4934 Stenton Ave., 
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FOR ROUTINE MEASUREMENTS 
of 

INDUCTANCE 

CAPACITANCE 

RESISTANCE 

TYPE 650-A 
Impedance Bridge 

$220 

NO laboratory, in which any electrical equipment is used, is complete without this 
bridge. Completely self-contained, portable, and accurate enough for most routine 
measurements, the popular Type 650-A Impedance Bridge is always set up and ready 
to use. With it you can measure these basic quantities over these very wide ranges- 
INDUCTANCE: 1 microhenry to 100 henrys; CAPACITANCE: 1 micromicrofarad to 
100 microfarads; RESISTANCE: 1 milliohm to 1 megohm. In addition it measures 
DISSIPATION FACTOR (R/X) from .002 to 1, and STORAGE FACTOR (X/R or 
Q) from .02 to 1,000. 

The bridge includes built-in standards, batteries, a 1,000 -cycle tone source for 
a -c measurements, a zero -center galvanometer null indicator for dc and terminals for 
a headset for 1,000 -cycle null detection. 

Provision is made for use of an external generator for measurements over a wide 
range from a few cycles to 10 kilocycles. 

Direct -reading dials add greatly to the ease and rapidity with which measure- 
ments can be made with this universal bridge. 

WRITE FOR COMPLETE INFORMATION 

GENERAL RADIO COMPANY Cambridge 39 
Massachusetts 

90 West St., New York 6 920 S. Michigan Ave., Chicago 5 950 N. Highland Ave., Los Angeles 38 
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HARVEY 
HAS PRESTO 

The Presto 6-N recording turntable is offered 
as a replacement unit for the Presto 6-D, 
hundreds of which are now in operation 
in broadcasting stations and studios. 

The overhead cutting mechanism has been 
redesigned and is removable as a unit to 
store in a pocket inside the case for safer' 
transportation. The cutting head weight 
rests entirely on two slider bars. Mechani- 
cal vibration is reduced by the use of a 

heavier turntable base. Head mounting 
is integral with base and new design per- 
mits quick alignment of mechanism with 
turntable. 

The 6-N is available in three forms: 
Chassis only $690 
In 1-B portable cate 735 
In 4-A floor cabinet 821 

PRESTO 88-A AMPLIFIER 
The 88-A complements not only the 6-N 
recorder, but any recording channel. It has 
three calibrated response curves, No. 1, 
flat from 50 to 17,000 cps.; No. 2, com- 
plements NBC Orthacoustic playback sys- 
tem; No. 3, complements standard high 
fidelity playback systems. Gain 85 db. 
Power output 50 watts. Distortion less 
than 11/2 % $345 
Harvey carries a complete line of Presto 
equipment in stock at all times for imme- 
diate delivery. 

Note: All prices quoted FOB New York and 
subject to change without notice. 

Telephone: LO. 3-1800 

fI 
,1 /' ;;\ 010 e,om r),viy 

103 West 43rd St., New York 18, N. Y. 

NEW PRODUCTS (continued) 

Philadelphia 44, Pa. Catalog 
ND46(1) illustrates the Speedomax 
type G recorder primarily designed 
for pyrometers. Single or multiple 
temperatures can be recorded on 
the same sheet. 

(61) 
Transmitter Parts. E. F. Johnson 
Co., Waseca, Minn. The capaci- 
tanced general products catalog No. 
969 covers variable transmitting 
capacitors, inductors, tube sockets, 
and other items as well as new lines 
such as multiwire connectors, dial 
lights, and tip plugs. 

(62) 
Synthetic Rubber Insulation. Sim- 
plex Wire and Cable Co., 79 
Sidney St., Cambridge 39, Mass. A 
12 -page slick -paper report to indus- 
try on synthetic rubber insulations 
used by the company. 

(63) 
Components Catalog. Cambridge 
Thermionic Corp., 445 Concord 
Ave., Cambridge 38, Mass., has just 
issued a new 20 -page tabbed -section 
catalog with specification sheets 
giving data on all its products ex- 
cept crystals. Copies are available 
from Dept. 4. 

(64) 
Receiving Tubes. Radio Corp. of 
America, Harrison, N. J. A new 16 - 
page booklet titled "Receiving tubes 
for television, f -m and standard 
broadcasting" (form 1275-C) 
charts characteristics and socket 
connections. Tubes are classified in 
various convenient ways and the 
booklet sells for 10c. 

(65) 
Radio and Industrial Tubes. Radio 
Corp. of America, Harrison, N. J. 
A 16 -page booklet entitled "Power 
and gas tubes for radio and for in- 
dustry" (form PG -101) has been 
compiled so as to present the sub- 
ject information with clarity and 
simplicity. Copies can be obtained 
at 10c. each. 

(66) 
Recording Materials. Eastman 
Kodak Co., 343 State St., Rochester 
4, N. Y. A new 44 -page booklet 
describing photographic recording 

It Will Pay You 
to Adapt This 

HERMETICALLY 
SEALED 

2 TERMINAL 
CRYSTAL 

HOLDER ... 

FOR USES SUCH AS : Hermeti- 
cally sealed thermostat housings, 
rectifiers, relays, coils, heaters, etc. 

WHY: Saves space and weight 
. impervious to all elements .. . 

can undergo variations in tempera- 
ture without loss of resistance .. . 

no condensation within. 

DIMENSIONS: Approximately 
3/8 " x 3/4 " oval; cover 1/2" or 3/4 " 

in height. 

FEATURES : Made of glass and 
metal for unrestricted use. Ter- 
minals available in any height, 
inside and out. May be had with 
special spring mounting on the 
inside. Base hot tin coated. Assem- 
bly can be crimped or soldered 
with simple tools. Resistance over 
10,000 megohms. Cover - nickel 
silver, brass or steel. Over 11/2 

million pieces built in 1946. 

WRITE: Submit your require- 
ments for samples and estimates. 

HERMETIC SEAL 
PRODUCTS COMPANY 
414-418 MORRIS AVE., NEWARK 3, N. J. 
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E STORY BEHIND 
TN 
SUPERIOR'S 

ABILITY 

TO PRODUCECATHODES 

THAT PERFORM LIKE THIS 
111110 

W 4 

The metal tubing used for cathodes must meet the most 

rigid chemical. metallurgical, dimensional and cleanli- 

ness standards. Maximum 
unusual faclpiities for the study 

as- 

sured through 
Superior's 

of the materials, processes and controls. 

CHEMICAL 
Laboratory analyses are made for the many 
minute but important elements in cathode mate- 
rials. Raw stock and finished tubing alike are 
analyzed and the results checked against rigid 
purchase specifications. 

METALLURGICAL 
Frequent examinations of polished and etched 
cross -sections are made to insure that tubing 
and strip has suitable grain structure, and is 
free from flaws and injuri3us inclusions. 

CLEANLINESS 
The Electronics Division is housed in a new 
building free from contaminating elements. The 
drawing lubricants, cleaning baths, and surface 
conditions are checked constantly as a part of 
rigid quality control. 

QUALITY CONTROL 
Our unusually close control of tolerances insures 
dimensional accuracy, lcw shrinkage, and greater 
uniformity in electron tube production and per- 
formance. Tireless checking and inspecting, to- 
gether with statistical cats, results in improved 
electrical tube characteristics and performance in 
television and radiq receivers. 

Through the courtesy of the 
INTERNATIONAL NICKEL COMPANY 
there will be a display in their booth #78 

of NICKEL ALLOY TUBES 
Manufactured by the 

SUPERIOR TUBE COMPANY 
at the RADIO ENGINEERING SHOW 

In GRAND CENTRAL PALACE 
March 3 through 6, 1947 

THE BIG GER NAME IN SMALL TUBING 

ee /ar 
SUPERIOR TUBE COMPAN7 

ELECTRONICS DIVISION 
Post Office Drawer T91 Norriso , Pa. 

Telephone, Norristown 1070 
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Improve 

Radios..Inter-Com Systems 
with 

FLOCK 
Add acoustical qualities to radios and 
inter -corn systems by coating cabinets 

with cotton or Rayon Cellusuede Flock. 
This low-cost, easily applied material helps to eliminate hum and sound 
interference ... acts as a squeak -proof gasket when applied to adjoining 
wood or metal surfaces ... forms a nonsagging, attractive speaker panel 
when sprayed on common mesh screen. 
You'll notice, too, that market value as well as operating efficiency in- 
creases once you use Cellusuede Flock on many component parts of your 
product. Send today for sam- 
ples, booklet, and prices of 
this extraordinary coating ma- 
terial. 

INS TR UM EN TS 
Precision Movement Dependability Unlimited 
Alnico Magnets in all DC Instruments-Phosphor bronze control springs-perfectly 
aligned jewel supports-non-shifting balance weights-added to its many other 
superior construction features enables Burlington Instruments to maintain critical 
characteristics. 

All ranges AC or DC available in 21r", 3f", 42" sizes, rectangular and round. 
Inquiries invited for your specific requirements. 

BURLINGTON INSTRUMENT COMPANY BU116 FO RTH ST, 

NEW MODEL 

ELINCO TYPE ALP 
TYPICAL PERFORMANCE CURVE 
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Type ALP -191; 111) colt 60 cyc. single-phase 
Capacitor start & run Motor Capacitor 

Value 4.25 Pffg. Curve #235. 
Elinco ALP Frame Motors are 33g" x 4-5/16" capacitor 
start and run, two and four pole AC motors, internal fan 
cooled. Continuous duty rating-as induction motor to 
1/30 h.p. at 1700 r.p.m.; as synchronous motor to 1/60 
h.p. at 1800 r.p.m. Substantially higher ratings are avail- 
eble at speeds of 3400 and 3600 r.p.m. respectively. 
Also, higher rating for intermittent duty. 

Write for Temporary Bulletin 46-.4 

ELECTRIC INDICATOR CO. 
STAMFORD. CONNECTICUT 

STEATITE 
CERAMIC 

Properties and Characteristics of Our 
LAVITE SI -S Steatite Ceramic Body 

Compressive Strength 96.000 lbs. per square inch 
7.200 lbs. per square inch 

Flexural Strength 10,500 lbs. per square inch 
Modulus of Rupture 20.000 lbs. per square inch 
Dielectric Strength 235 volts per mil 
Dielectric Constant 6 42 Frequency of 
Loss Factor 2 90 1 megacycle Power Factor 446 
Bulk Specifi Gravity.... .2.664o.ó 
Density (from above gravity) 0.096 lbs. per cubic inch 
Hardness (Mohr scale) 7 0 
Softening Temperature 2 350°F. 
Linear Coefficient of Expansion 8 13x10-4 
Moisture Absorption (ASTM D -116-42-A) O 009%/0 

Design engineers and manufacturers in the radio, 
electrical and electronic fields are finding in 
LAVITE the precise qualities called for in their 
specifications . . . high compressive and dielectric 
strength. low moisture absorption and resistance 
to rot, fumes, acids, and high heat. The exceed- 
ingly low loss -factor of LAVITE plus its excel- 
lent workability makes it ideal for all high fre- 
quency applications. 

We will gladly supply samples for testing. 

Tensile Strength 

D. M. STEWARD MFG. COMPANY 
Mo,n Olhrº i Worbs. Cha),060090. Tenn 

Needham, Mass Chicago Los Angeles 
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NEW PRODUCTS (continued) 

materials for use with cathode-ray 
tube oscillographs, galvanometer 
oscillographs, and similar instru- 
ments is obtainable on request. 
Equipment and technique are dis- 
cussed, and a table of relative 
speeds of films and papers is pro- 
vided. 

(67) 
Precision Testing Equipment. 
General Radio Co., 275 Massachu- 
setts Ave., Cambridge 39, Mass. 
Catalog K, Fifth Edition, has re- 
cently been mailed out. It describes 
the complete line of frequency 
standards, signal generators, moni- 
tors, and components. Included is a 
new price list. 

(68) 
Low -Loss Leadin. General Electric 
Co., Syracuse, N. Y. A single -sheet 
catalog bulletin tots up the char- 
acteristics of two types of 300 -ohm 
parallel twin -conductor cable for 
television and f -m and the some- 
what similar 100 -ohm r -f cable. 

(69) 
Vacuum Tube Voltmeter. Reiner 
Electronics Co., Inc., 152 West 25th 
St., New York 1, N. Y. A single 
sheet tells about the Model 451 
vacuum -tube voltmeter and the 
Model 101 amplifier that can be 
used to increase its sensitivity a 
hundredfold. 

(70) 
Volume Control Index. Clarostat 
Mfg. Co., Inc., 130 Clinton St., 
Brooklyn 2, N. Y. The volume con- 
trol cross-index guide is a collec- 
tion of cards printed on both sides 
with the complete cross-index of 
corresponding type numbers of 
four leading volume -control manu- 
facturers, arranged numerically. 
The guide is free from distribu- 
tors or by writing the company. 

Tube Registry 
Tube Types Registered by RMA (Starting 

Oct. 1946) 

Type 5558 
Half -wave mercury rectifier, heater 
type, heating time 5 min.; tempera - 

w, 

CONCORD 
Bargain Catalog of 

RADIO 
Equipment 

FOR 

Immediate Shipment 

1 

e CONCORDS 
Abtasl 11917 

ßA0\0 VM.\1ES 
y. ,; \Qa"s",e 

to 
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p 8»,0W` 

oey ze 
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RADIO 
PARTS SETS 

TESTERS 

SPECIAL VALUES 

HAM GEAR 

AMPLIFIERS ' " 

RECORD 
CHANGERS 

PLAYERS 

Just off the press -48 exciting pages of radio parts, equipment, and 
supplies for dealers, servicemen, amateurs, maintenance, testing, 
building and experimenting-Thousands of items NOW IN STOCK 
and ready for IMMEDIATE SHIPMENT! Big feature sections of 
Radio Sets, Communication Receivers, Amplifiers, Ham Gear, 
Record Players and Portables, Record Changers and complete Sound 
Systems. Page after page of bargains and special values in top- 
quality standard -make radio and electronic parts. 

Mail Coupon NOW for FREE COPY 
Mail coupon below TODAY for your FREE COPY of this latest 
Concord Buying Guide and Bargain Catalog of Radio and Elec- 
tronic needs you can order for SAME DAY SHIPMENT from 
complete stocks in Chicago and Atlanta. 

RADIO CORPORATION 
LAFATETTE RADIO CORPORATION 

CHICAGO 7, ILL. ATLANTA 3, GA. 
901 W. Jackson Blvd. 265 Peachtree St. 

,C O 0WD 

RADIO 
k o 

RP 

`0 Ìt . 

G111.37 

90 
Jackson 

çÖpóhe 
EE 

YCcocd Bargain 
Catalog. 

Narne ........... 
.... 

Address........ 
suce 

City ................ 

ELECTRONICS - March, 1947 251 

www.americanradiohistory.com

www.americanradiohistory.com


GRAC 
"One Good ium-a Good Turn - or 

OIL 
a Million" 

* Here, in expanded plant facilities, GRACOIL Coils and Transformers are expertly designed and built to exact specifications. Plan your next product with GRACOILS. 

THE CRAMER COMPANY 
Established in 1935 

Electrical Coils and Transformers 
2736 N. PULASKI RD.. CHICAGO 39, ILL. U. S. A. 

eight years ago 

7evrie, PIONEERED 
the manufacture of 

SCREW -TYPE 
POWDERED 
IRON CORES 

The "daddy" of 
screw -type pow- 

ered iron cores- 
mode B years ago. 

... today Fyroferric 
is manufacturing a 
full line of standard 
sized Powdiered Iron 
Screw -type Cores of 
varying lengths, with 
standard threads, as 
well as its complete 
line of powdered 
iron cores, with and 
without inserts. 

For Powdered Iron Cores to meet your 
specification address your inquiry to 

PYRO ERRIC CO. 
175 VARICK ST. NEW YORK 14, N. Y. 

¡or YOU! 
We'll take POSI * POT * SV 
SI * 2, 3 and 4 conductor. S,-2 
and 3 conductor and heater 
cord. 

We'll make it into CORD SETS 
with Electrix, Allied Glade, 
Carling or Gilbert plugs. 

We'll put on Eyelets, - Lugs, 
- Connectors - Ground Jacks, - 
Loops, - Markers, - Etc. 

We'll attach Diamond, - So- 
reng, - Woodwin Female Plugs 
or Cutler -Hammer, Carling 
heater attachments, or feed 
thru switches. 

We'll make up any special 
types of cord set or cable you 
require. Samples and Prices 
on request. 

COLUMBIA 
WIRE AND SUPPLY COMPANY 

5734 North Elston Ave. 
Chicago 30, III. 

Spring 1515 

,6nde 
ARGON 
HELIUM 

KRYPTON 

NEON 
XENON 

and Standard or Special 

MIXTURES 
LINDE rare gases are spectroscopically 
pure-argon, helium, neon, and standard 
mixtures are available in one- and two - 
liter glass bulbs and in cylinders; xenon 
and krypton are available in liter and 
fractional -liter bulbs. 

The word "Linde" 'rs a trade -mark of 

THE LINDE AIR PRODUCTS COMPANY 
Um, o! Umon co,b.de and ecrbon Co,po,ar on 

30 Ea,' 42nd St. I1141 New York 17, N Y 
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NEW PRODUCTS (continued) 

E,=5v 
I,=4.5to4.9 

amp 
Ea.ap = 16 v 

E = 1.000 V 

E.º = 
3'..nerot = - 6.5 v 
E:. = 1,000 v (max) 
E,a = 1.000 v (max) 

E. = - 500 c 
Ib = 200 amp (0.1 

sec surge) 
to = 0.2.5 amp 

C;.=10µµf 
RCA = 2.5 µµf 

GRID 
AND 
ANODE 
RETURN 

H' 'G 

10 microseconds; deionization time, 
1 millisecond; basing 4BL. 

Type 5561 
Half -wave mercury rectifier, heater 
type; heating time 5 min; tempera - 

E, = 5 y 
, = 10 to 10.75 

amp 
Ea.on = 15 V 

= 10,000 v 
(max) 

Ib = 80 amp (0.1 
sec surge) 4 

II 

NOTA J ANODE 
USED RETURN 

AND CATHODE 

ture range, -25 to +50 C; fre- 
quency 150 cycles. 

Type 5556 
Triode power amplifier/oscillator, 

--2 T$-- 

í E, =.4.5 I f = 1.1 amp 
Eb =350v 

( tb=19mä 
Eo = - 20 y 

= 8.5 
p = 1,330 

C:. = 2.3 µµf 
C..:=3.1µµf 
gC, = 7.7 µµf 

Ib = 40 ma (max) 
Nx =7.5watts _V_ 

F' F 

filament type, maximum ratings to 
6 mc, basing 4AX. 

Twenty years devoted exclusively to 
the problems of radiation measurement 

Subminiature elec- 
trometer tubes 
especially design- 
ed for circuits 
used in radiation 
measurement. 
Available a s 

diodes, tetrodes, 
triodes, pentodes. 

Model 311 - VG 
series Geiger - 
Mueller Tubes. 
Production con- 
trolled to close 
tolerances avail- 
able in mica win- 
dow thicknesses 
from 3.0 to 4.5 
mg. per cm'. 

Model 337 Geiger -Mueller 
Counter. A scaling circuit of 
top ranking quality with built- 
in 2000 volt power supply and 
ingeniously new voltage regula- 
tion. 

A complete sequence of measuring 
instruments for industrial research, 
control and protection covering x-rays, 
gamma, beta and alpha radiation. 

Hi-megohm resis- 
tors values from 
100 to 10,000,000 
megohms. F o r 
finer instrumenta- 
tion requiring sta- 
bility and ac- 
curacy. 

Model 348 vol- 
tage regulator 
unit as used in 
scaler. Adaptable 
where voltage 
regulation r e - 
quires fiat top, 
accuracy a n d 
space conserva- 
tion. 

Model 263 Gamma and Beta Counter, 
portable, compact, unique. Geiger -Muel- 
ler tube conveniently mounted in external 
probe. Roentgen calibrated for gamma 
radiation. Equipped with ear phones. 

Write for complete information on any of these instruments or any other problem 
on radiation measurement. We have instruments designed for every application. 

THE VICTOREEN INSTRUMENT CO. 

5806 HOUGH AVENUE 

CLEVELAND 3, OHIO 
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Resistor Failure Needn't 
Mean a Ruined Assembly! 

N 0- n 
INDICATOR LIGHTS 

The RESISTOR 
is DETACHABLE 

Gothard Indicator Lights feature de- 
tachable resistors ... assuring you 
longest possible assembly life! This 
eliminates wasteful need for replac- 
ing entire Indicator assembly be- 
cause of a bad resistor. Here-you 
simply replace the resistor-and your 
Gothard Indicator Light is saved for 
indefinite use. Model No. 1143 has 
200,000 ohm detachable resistor for 
dimmer glow and Model 1144 As- 
sembly is furnished with 100,000 
ohm detachable resistor for bright 
glow. For full information on the 
complete Gothard Line, write for 
Catalog-today! 

ald 
MANUFACTURING COMPANY' 

2114 Clear Lake Avenue, Springfield, Ill. 

Export Division: 
25 WARREN STREET NEW YORK 7, N. Y. 

Modela No. 1143 
a. 1144 with resistor 
for neon lamp NE51. 

(Model 1142- no 
resistor-for Mazda 
Lamps.) 

STANDARD SIGNAL GENERATOR 

MODEL 
65-B 
RANGE 
75 KC 

to 
30 MC 

Individually Calibrated Scale 
OUTPUT: Continuously variable, .1 microvolt to 2.2 volts. 
OUTPUT IMPEDANCE: 5 ohms to .2 volt, rising to 15 ohms at 

2.2 volts. 

MODULATION: From zero to 100%. 400 cycles, 1000 cycles 
and provision for external modulation. Built-in, low dis- 
tortion modulating amplifier. 

POWER SUPPLY: 117 volts, 60 cycles, AC. 

DIMENSIONS: 11" high, 20" long, 101/4" deep, overall. 
WEIGHT: Approximately 50 lbs. 

Catalog on request 

MEASUREMENTS CORPORATION 
BOONTON NEW JERSEY 

MANUFACTURERS OF 

Standard Signal Generators 

Pulse Generators 

FM Signal Generators 

Square Wave Generators 

Vacuum Tube Voltmeters 

UHF Radio Noise & Field 
Strength Meters 

Capacity Bridges 

Megohm Meters 

Phase Sequence Indicators 

Television and FM Test 
Equipment / 

NEWS OF THE INDUSTRY (continued) 
electronic counter circuits, 2 on 
electron tubes, 12 on nuclear ma- 
chines such as cyclotrons, 6 on ion- 
ization gages and G -M tubes, and 
30 on miscellaneous electron tube 
circuits that were considered in 
connection with the atomic energy 
projects. Representative abstracts 
of some of these electronic papers 
follow. 

PB 49548, ALLEN, J. S., Characteristics 
of metal type electron -multiplier tube, (Man- 
hattan Engineer District LA Rept 65, Series 
C; MDDC Rept 275) Mar 1944, 12 p. Price: 
Microfilm-$1.00-Photostat-$1.00 
Scientific paper released for general infor- 
mation Sept. 12, 1946. An electron multi- 
plier tube of the electrostatically focused 
type enclosed in a metal shell has been de- 
veloped. The metal construction permits 
the use of copper gaskets and the out - 
gassing of the tube by external heating. 
When a narrow beam of Po alpha -particles 
hits the first electrode the tube will count 
every alpha falling upon the sensitive sur- 
face. Approximately 5 x 10° electrons reach 
the final collector for each alpha incident 
upon the first electrode. The tube may be 
used as a pulsed detector by varying the 
potential of one of the electrodes with re- 
spect to the others. 
Both static and dynamic tests were made. 
A square wave of 150 -volts amplitude will 
turn the tube on and off. A radium source 
surrounded by 5 cm of Pb was placed near 
the multiplier tube. The counting rate was 
about 10-* times the number of photons 
striking the first electrode. Graphs and a 
circuit diagram are included. 

PB 52819, CHADWICK, S. R., Alpha 
counters as used in radioassay of Plutonium, 
(Manhattan Engineer District LADC Rept 
272: MDDC Rept 454) Jan 1946, 53 p. 
Price : Microfilm-$2.00-Photostat-$4.00 
Scientific paper released for general infor- 
mation. A description of the amplifiers, 
scalers, and power supplies used with the air and nitrogen chambers is given. Cir- 
cuit diagrams and shop drawings of the 
chambers are included in the appendix. 

PB 52802, FRISCH, O. R., Note on a use 
of delay lines in counter pulse amplifiers, 
(Manhattan Engineer District, LA Rept 
107 ; MDDC Rept 238) Jul 1944, 5 p. Price : Microfilm-$1.00-Photostat-$1.00 
Scientific paper released for general infor- 
mation August 22, 1946. A delay line is 
used to bring a pulse disturbance quickly 
back to zero, thus permitting more rapid 
counting than usual and helping to elimi- 
nate low -frequency interference. 

PB 52717, GHIORSE, A. and others, The 
multi -channel pulse analyzer, (MDDC Rept 
23) n.cd. 27 n. Price : Microfilm-$1.00- 
Photostat-$2.00 
The pulse analyzer consists of an ionization 
chamber and electronic units which make it 
possible to record the energy distribution 
of alpha disintegrations in a radio -active sample. In particular it is used to measure 
the amounts and determine the nature of alpha disintegrations in a mixture of is- 
otopes. Description and circuit diagrams 
of the equipment are included in this paper 
released for general information through Manhattan Engineer District June 14, 1946. 

PB 52719, HIGINBOTHAM, W., Higin- 
botham scale of 64, mark 5, model 3 (MDDC 
Rept 26) Dec 1945, 2 p. Price: Micro- film-$1.00-Photostat-$1.00 
This scaling instrument is built for use with 
a self -quenching Geiger -Mueller tube. The 
scale of 64 is of the Eccles -Jordan type as 
modified by Higinbotham. The scaler will operate on evenly spaced pulses to a speed 
of at least 150.000 counts per second. A circuit diagram accompanies the description, 
which is released for general information 
through the Manhattan Engineer District. 

PB 52739, JAFFEY, A. H. and others, A manual on the measurement of radioac- tivity (MDDC Rept 388) Aug 1944, 49 p. Price : Microfilm-$1.00-Photostat-$4.00 
Scientific paper released for general inform- 
ation, October 16, 1946. This manual was written as an introduction to radioactivity measurements for chemists and others who were unfamiliar with this field. Its aim is to provide fairly explicit operating instruc- tions together with the minimum back- ground necessary for intelligent use of the instruments and interpretation of results. It is restricted to instruments and tech- niques for the development of processes for the chemical engineering scale separation of 
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Imperial Pencil Tracing Cloth has the 
same superbly uniform cloth foundation 
and transparency as the world famous 
Imperial Tracing Cloth. But it is distinguished 
by its special dull drawing surface, on 
which hard pencils can be used, giving 
clean, sharp, opaque, non -smudging lines. 

Erasures are made easily, without 
damage. It gives sharp, contrasting prints 
of the finest lines. It resists the effects 
of time and wear, and does not become 
brittle or opaque. 

Imperial Pencil Tracing Cloth is right 
for 'nk drawings as well. 

en. 11111. 

IMPERIAL 

PENCIL 

TRACING 

CLOTH 

L 

SOLD BY LEADING STATIONERY AND 
DRAWING MATERIAL DEALERS EVERYWHERE. 

L A 

g9 11y4 134G 

Val" 

MODEL NO. 55DP 

Sets 2 Rivets 
At One Time - 

120 a Minute 
FOR ASSEMBLIES OF 

Cutlery Handles 
Small Locks 

Name Plates 
Radio Chassis 

Electrical Parts 
Clock Cases Toys 
and a wide variety 
of similar products 

Milford manufactures 15 standard 
rivet setters, designs and manu- 
factures rivets in endless variety. 
Call Milford for suggestions on 
assembly operations to cut costs, 

N save time, increase profits. 

THE MILFORD RIVET & MACHINE CO. 
859 Bridgeport Ave. 1002 West River St. 

MILFORD, CONN. ELYRIA, OHIO 
Inquiries may also be addressed fo our subsidiary: 

THE PENN RIVET & MACHINE CO., PHILADELPHIA 33, PENNA. 

MPER 
DELAY 
It LAY 

THERMOSTATIC METAL TYPE 

DECAY RELAYS 
PROVIDE DELAYS RANGING 
FROM I TO 120 SECONDS 

EATURES:-Compensated for ambient temperature changes from 
--40° to 110° F ... Hermetically sealed; not affected by altitude, moisture 
or other climate changes ... Explosion -proof ... Octal radio base .. . 

Compact, light, rugged, inexpensive ... Circuits available: SPST Nor- 
mally Open; SPST Normally Closed. 

PROBLEM? Send for "Special Problem Sheet" and Bulletin. 

AMPERITE REGULATORS 
30 

20 

111 
10 

VOLTAGE OF 24V WITH AMPERITE 
BATTERY & CHARGER VOLTAGE VARIES 

VARIES APPROX. I ONLY 

50% ; 2% 
PERE 

Amperite REGULATORS are the simplest, lightest, cheapest, and most compact method 
of obtaining current or voltage regulation ... For currents of .060 to 8.0 Amps .. . 

Hermetically sealed; not affected by altitude, ambient temperature, humidity. 
Write for 4 -page Illustrated Bulletin. 

j MPERITE CO., 561 Broadway, New York 12 , N. Y. 

In Canada: Atlas Radio Corp., Ltd., 560 King St., W. Toronto 
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This new space saving 
capacitor connector 
provides a greater de- 
gree of filtering than 
conventional by-pass 
installations. 

H H. BUGGIE & CO. 
TOLEDO 1, OHIO 

SEE OUR BOOTH-I.R.E. SHOW 

NEWS OF THE INDUSTRY (continued) 

plutonium from uranium and fission product 
activities. The manual has three sections : 

(1) Alpha counting; (2) measurement of 
beta and gamma radiation ; and (3) statis- 
tics and counting. Diagrams and graphs are 
included. A foreword written in 1946 indi- 
cates which of the material is now obsolete 
and what new methods and instruments are 
in general use. It also contains a list of 
references. 

PB 49561, KATCOFF, SEYMOU R, Sweep- 
ing of radioactive gases from a homogenous 
pile, (Manhattan Engineer District LADC 
Rept 215 ; MDDC Rept 293) Apr 1946. 23 p. 
Price: Microfilm-$1.00-Photostat-$2.00 
Scientific paper released for general in- 
formation September 11, 1946.'The radio- 
active fission -product gases produced in a 
homogeneous pile were blown by a stream 
of air through a lang tube along whose 
axis was a negatively charged wire. The 
various gases deposited their solid radio- 
active daughters upon the wire in a manner 
proportional to their half-lives. By cutting 
the wire into sections and analyzing each 
one for several fission products, the follow- 
ing results were obtained : (1) An approxi- 
mate half-life of 33 seconds for Kim; 
(2) an accurate half-life of 1.7 seconds for 
Xe" ; and (3) the fraction of each of the 
fission -product chains containing a gaseous 
member that was swept out of the water 
boiler, (Tables VI and VII). Schematic 
diagrams and tables are included. 

PB 52433, LAVATELLI, L. S., Snouting 
and focusing the cyclotron beam. (Manhat- 
tan Engineer District LADC Rept 128; 
MDDC` Rept 350) Feb 1946, 22 p. Price: 
Microfilm-$1.00-Photostat-$2.00 
Scientific paper released for general in- 
formation September 26, 1946. The steps 
necessary to get an external beam down a 
snout section and the equations for focusing 
a beam magnetically are given. These 
equations together with the initial beam 
configurations and other constraints are 
solved simultaneously approximately to yield 
suitable design for a focusing chamber. The 
chamber enabled a beam of about three mi- 
croamperes to be focused on an area of one 
square inch at a point 20 feet distant from 
the target chamber of the cyclotron. Dia- 
grams and photographs are included. 

PB 42178, NIER, A. O. and others, Mass 
spectrometer for leak detection (MDDC Rept 
5) Apr 1946, 18 p. Price: Microfilm-$1.00 
-Photostat-$2.00 
A simple low resolution mass spectrometer 
is described which has ben used success- 
fully in detecting small leaks in high vacuum 
equipment. One part of He in 200,000 parts 
of air can be detected. Photographs, dia- 
grams, and graphs are appended. This 
contribution from the Kellex Corporation is 
released through the Manhattan Engineer 
District for presentation before the Ameri- 
can Physical Society. 

PB 49579, WATTS, R. J., Safety circuit 
with D -C amplifier, (Manhattan Engineer 
District LAMS Rept 161, Series B; MDDC 
Rept 316) Nov 1944, 15 p. Price : Micro- film-$1.00-Photostat-$1.00 
Scientific paper released for general inform- 
ation September 11, 1946. A method is 
described to record the rise in intensity 
of any hard beta, gamma, or neutron radia- 
tion and cut it off at any predetermined 
level. A range in intensity of a factor 
of one million may be covered easily. The 
equipment is designed so that if any part 
fails it will fail safely, i.e., in such a 
manner as to cut off the radiation. The electronic circuits are readily adaptable to many uses and have been used to monitor 
a cyclotron. Any current of 10-n amperes 
or higher from a high -impedance source will operate the mechanism. Drawings and cir- cuit diagrams are appended. 

British Computer 
Construction of an automatic 

computing engine (ACE) as the 
British counterpart of the Ameri- 
can electronic numercial integrator 
and computer (ENIAC) has been 
announced by the British Depart- 
ment of Industrial and Scientific 

"SPIN, 
THE WRENQH 

WITH THE / eacr2: 
Spintile wrenches give maximum etti- 

ciency when space is at a minimum. Com- 
plex radio assemblies in compact cabinets 
leave little room for clumsy tools. Designed 
for the radio man who must meet these 
conditions, Spintites reach where other 
wrenches won't. 

Spintite, the wrench built like a screw- 
driver, has a straight shaft, hollowed 
sufficiently to accommodate nuts through 
which the bolt protrudes. It comes in three 
types to fit square, hex or knurled nuts. 
Sizes vary from 3/16" to 5/8", com- 
pletely covering the range of radio re- 
quirements for either repairs or assembly. 

For increased accessibility, standardize 
on Spintite, a wrench that reaches those 
"tight spots" with ease. 

T-73 Set, has 7 sizes of hex heads. 
Shock -proof handles, and cold forged 
sockets assure safety and strength. 

"oecESToR 

STEVENSWALDEN 
INCORPORATED 

Worcester Massachusetts 
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ELEPHANT BRAND 

PHOSPHOR BRONZE 

WIRE in coils for spring manufac- 
turers; Flat wire, in coils or lengths; 
Tinned binding, for armature work; 
Straightened (round), in lengths. All 
wire can be supplied bright - 
annealed. 

SHEETS in rolls; Slit sheet metal, 
tinned both sides-in various gauges 
and tempers covering a broad range 
of uses. 

m:eg,:-40°°°°° 

RODS up to 6" diameter, in Round, 
Square and Hex ... available now 
for prompt delivery. 

Elephant Brand Phosphor 
Bronze has been used by 
thousands of manufacturing 
firms in all branches of in- 

dustry for nearly three-quar- 
ters of a century-Since 1874 

manufacturers of nothing 
else but Phosphor Bronze. 

THE PHOSPHOR BRONZE SMELTING CO. 

2200 Washington Ave., Philadelphia 46, Pa. 

Please send me a copy of your Technical Data Book 

Name Title 

Firm 

Address 

NEWS OF THE INDUSTRY (continued) 

NBC and Frank P. Schreiber of 
station WGN, were elected to the 
Board, replacing O. B. Hanson of 
NBC and E. A. Hayes of Hughes 
Tool Co. 

THE WARD PRODUCTS CORP., Cleve- 
land, Ohio, has been purchased by 
The Gabriel Co. of Cleveland, and 
will continue operation as a division 
of the latter company. 

DUNLEE CORPORATION, Chicago, Ill. 
has been organized for the design 
and manufacture of x-ray tubes, 
with H. A. Dodge as president, D. 

W. Dunk, formerly with Eureka 
X -Ray Tube Corp., as vice-presi- 
dent of manufacturing, and Z. J. 
Atlee, formerly with General Elec- 
tric X -Ray Corp., as vice-president 
of engineering. 

WESTINGHOUSE ELECTRIC CORP. an- 
nounces a broad sales and servicing 
agreement with Tropical Radio 
Service Corp., wholly -owned subsid- 
iary of United Fruit Co. Westing- 
house will manufacture complete 
marine radar equipment of its own 
design, of the continuous ppi type 
with range of from 100 yards to 32 

miles, with Tropical as a major 
channel for installing, licensing, 
servicing, and selling the units. 

MUTUAL BROADCASTING SYSTEM has 
begun work on $2,500,000 radio and 
television studios in Hollywood, 
Calif., in which is to be a unique 
quarter -million -dollar master con- 
trol panel serving a -m, f -m, and 
television. 

GENERAL ELECTRIC CO., Syracuse, 
N. Y., shipped its 100th f -m radio 
broadcast transmitter to station 
WPEN-FM in Philadelphia, and is 
now working to fill the more than 
100 additional orders still on hand. 

EASTERN AMPLIFIER CORP., New 
York City, announces assumption of 
complete control by Leon Alpert. 
The new management plans to ex- 
pand the products and sales of the 
firm in the sound systems field. 

HAZELTINE ELECTRONICS CORP., New 
York City, announces that starting 
March 1 its Lanac system will be in 
every day operation by the AAF 
All -Weather Flying Division on the 
air route between Clinton County 

Communications 

FM and AM Transmitters 

Aviation 

Frequency Standards 

Measuring Equipment 

X-ray Equipment 

Electronic Heaters 

and 
any other equipment that re- 

quires precise frequency control. 

For complete information, write today to: 
General Electric Company: Electronics 

Department, Syracuse 1, New York. 

16e -r2 

GENERAL ELECTRIC 
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QUICK 
I ER 
ON 

PRECISION 
WOUND 

T R U -OHM RESISTORS 

SILVER -SOLDERED TERMINALS 

GENUINE HIGH -TEMPERATURE 
VITREOUS ENAMEL COVERING 

ACCURATE & DEPENDABLE 

FULLY TRADE & WAR TESTED 

The TRU-OHM Resistor is a 

superior product of fine engi- 
neering skill and manufactured 
with war -tested experience. A 

wide variety of types is available 
for immediate or quick delivery. 

Write us your requirements or 
send for free catalog. 

MODEL ENGINEERING & MFG., INC. 
RESISTOR DIVISION, HUNTINGTON, INDIANA 

STAR 
Specialists in Internal 

and External Perfect 

Threaded Die Cast Units 

Intricate parts of 100% rust -proof Zinc alloy. 
Accurate to specification Held to toler- 
ances of .005. 
Threads require no machining. 
Ideal for instrument, small machine and minute electronic parts. 

Producers of the 
Two Vital Aids to Manufacturers of Miniature Tube Radios. 
JE -10 STAR MINIATURE SOCKET 

JE -13 STARTRING MINIATO ES TUBE PIN 
STRAIGHTENERS 

Write for complete information 

STAR EXPANSION PRODUCTS CO. 
(INCORPORATED) 

147 Cedar St. New York 6, N. Y. 

MD CRAW -HILL 
DIRECT MAIL LIST SERVICE 

Stock Molded 

KNOBS 
For Every Requirement 

ROGAN offers a large selection of plastic 
Knobs from stock molds. These are supplied 
without tool charge. Available in various sizes, 
shapes and colors. Smartly styled, quality made, 
ideally suited for a wide range of applications. 
Markings can be branded in "deep relief" on 
blank parts, as desired. Whatever your knob 
requirements may be, Rogan is equipped to 
serve you faster, better, more economically. In 
addition, Rogan offers a complete source of 
compression molded parts of all types. Write for 
complete details NOW! 

ROGAN BROTHERS 
2003 S. MICHIGAN AVE. CHICAGO 16. ILLINOIS 

Compression Molders and Branders of Plastics 

We think so-and so do our customers. Our tests are 
discontinued after 30,000 on -off cycles. They're good. 

SPST ROTARY SNAP SWITCH 
3A-125 V., IA -250 V. Cata- 
log No. 100. 1/8" IPS x 5/16" 
Shank, Single Hole Mounting 
6" Leads, One Knurled Nut. , WRITE FOR BULLETIN 

Listed by Uudcruv-ite,-s' Laboratories, Inc. 

ELECTRIC & MFG. CO., Inc. 
34-63 56TH STREET, WOODSIDE, NEW YORK 

If You Are Having Difficulty 
Maintaining Your Mailing Lists... 

Probably no other organization is as well equipped as 
McGraw-Hill to solve the complicated problem of list 
maintenance during this period of unparalleled change 
in industrial personnel. 

McGraw-Hill Mailing Lists cover most major indus- 
tries. They are compiled from exclusive sources, and 
are based on hundreds of thousands of mail question- 
naires and the reports of a nation-wide field staff. All 
names are guaranteed accurate within 2%. 

JsdÉ When planning your direct mail advertising and sales 
promotion, consider this unique and economical service 
in relation to your product. Details on request. 

McGraw-Hill Publishing Co., Inc. 
DIRECT MAIL DIVISION 

330 West 42nd Street New York, 15, New York 
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Surd mr data cm 

SHOCK PROOF 
INSULATION 

BREAK DOWN 
TEST SETS 

TRANSFORMERS 

INCREMENTAL 
INDUCTANCE 

BRIDGES 

THE TRADE -MARK THAT 

Pet«affeaf 
What makes any product good? 
Performance? Yes, if that perform- 
ance is up to specifications. But 
what makes a product unique, su- 
perior, head and shoulders above 
the rest? The answer is "On -The -Dot 
Performance, every time, in what- 
ever application you use that prod- 
uct. ITC Products give you that 
assurance of unfailing, accurate 
performance because ITC product 
specifications tend to the minimum 
of their capacities and not the maxi- 
mum. There is always that engineer- 
ing margin of safety in ITC Products 
that Guarantees Performance. 

INDUSTRIAL TRANSFORMER CORP. 
2540 Belmont Ave. ELECTRONICS DIVISION New York 58, N. Y. 

QUALITY -TESTED PRODUCTS FOR THE ELECTRONIC INDUSTRY 

MODEL 204A - REGULATED POWER SUPPLY 
0-500 Volts D.C. at 300 Ma. with Positive or Negative Ground 

The Model 204A Regulated Power Supply will provide from 0.500 volts of well 
regulated and well filtered D.C. The output voltage is continuously variable without 
switching and either positive or negative side may be grounded. 

Specifications: 
OUTPUT VOLTAGE 

High Voltage: 0.500 Volts D.C. con- 
tinuously variable (Without switching). 
Current: 300 Ma. 
Low A.C. Voltage: 6.3 Volts A.C. at 6 
amps. center -tapped, unregulated. 

volts and within 2% at 10 volts. 

HUM VOLTAGE 
Within 10 Millivolts at any voltage or 
load with ratings. 

LINE INPUT 
105-125 Volts A.C. 50-60 cycles. 

REGULATION OUTPUT 
Within 1% for voltage between 30-500 TERMINATIONS 
volts, from no load to full load. High and low voltage outputs available 
Within 1% for line voltage variations from front and rear of unit. Positive or 
from 105 to 125 volts at full load cur- negative terminal of high voltage output 
rent for any voltage between 30-500 may be grounded as desired. 

Detailed specifications will be forwarded upon request. 

ELECTRONIC MEASUREMENTS COMPANY 
RED BANK NEW JERSEY 

MODEL 
204A 

NEWS OF THE INDUSTRY (continued) 

gress and Exposition, Oakland Civic 
Auditorium, Oakland, California; 
over 75 technical papers, lecture 
courses, and round table discus- 
sions. 

MARCH 31 -APRIL 2: Midwest Power 
Conference, Palmer House, Chi- 
cago, sponsored by Illinois Institute 
of Technology and directed by Prof. 
S. E. Winston. 

APRIL 14-18: Radio Broadcast En- 
gineering Institute, Atlanta, spon- 
sored by Georgia Association of 
Broadcasters, Georgia chapter of 
IRE, and Georgia School of Tech- 
nology, with Professor M. A. Hon- 
nell of Georgia Tech as chairman. 

APRIL 21 -MAY 2: International Mer- 
chant Marine Radio Aids to Navi- 
gation; first week devoted to ex- 
hibits, papers, and visits to firms in 
New York City and vicinity; second 
week on three ships working out of 
New London, Conn. for demonstra- 
tions of equipment; sponsored by 
U. S. State Department and other 
government agencies. 

APRIL 28-30: RMA Spring Meet- 
ing of transmitter and transmitting 
tube engineers, at Hotel Syracuse, 
Syracuse, N. Y. Technical sessions 
and meetings on first two days, with 
inspection trips on third day. 

MAY 17: New England Radio Engi- 
neering Meeting of North Atlantic 
Region of IRE; six technical ses- 
sions, luncheon, and banquet at Con- 
tinental Hotel, Cambridge, Mass. 

MAY 4-8: National Electrical Whole- 
salers Association meeting, Tray - 
more Hotel, Atlantic City, N. J. 

MAY 13-16: 1947 Conference and 
Show by Radio Parts and Electron- 
ics Equipment Shows, Inc., Chicago. 

BUSINESS NEWS 

TELEVISION BROADCASTERS ASSOCIA- 

TION, INC., New York City, an- 
nounces reelection of J. R. Poppele 
as president for a third term. Two 
new directors, John F. Royal of 
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P 

PLASTIC FABRICATING 
PUNCHED AND FABRICATED PARTS, SPEED AND ACCURACY IN 

TOOL CONSTRUCTION AND PRODUCTION REQUIREMENTS 

BAKELITE SHEETS, RODS, TUBES 

Over 20 years of fabricating experience 

ELECTRICAL INSULATION CO., INC. 
12 VESTRY ST., NEW YORK 13, N. Y. 

REVERSIBLE GEARED MOTOR 
31/2" x 13,e" o 

Operates on Flashlight batteries, speed de- 
pending on the voltage. Fairly strong on 
6 volts, full power and speed on 27 volts. 
Designed to be used in bombsights, auto- 
matic pilots, etc. Two types. 
145 or 250 RPM. Either speed 
a bargain at 

EST 

$5.00 

BASIC MOTOR 2 X 1 X1 
ELECTRICALLY 

SAME AS 

1923 

GEARED 
MOTOR 

$3.00 

ALNICO MAGNETS 
ARE AGAIN AVAILABLE 

5/8 x % x 3/4 

SMALL HORSESHOES 

2 for $1.00 

BLAN EST 
1923 

Experimenters and Inventors Supplies 
64 DeY St., New York 7, N. Y. 

RCA HB -3 Tube Handbook 
Now in 3 Binders -6 Volumes 

No other tube handbook provides as much 
up-to-the-minute technical data on tube types 
as the RCA HB -3 Handbook, which has been 
a standard technical reference book for over 
15 years. Indexed contents include general 
data, characteristic curves, socket connec- 
tions, outline drawings, price lists, preferred - 
type lists, etc., for the complete line of RCA 
tubes. 

New Sheets Mailed Regularly. The U. S. sub- 
scription price of $10.00 brings you the 
complete Handbook in three binders, plus 
supplementary sheets containing new or re- 
vised data as issued during the year. Annual 
service fee thereafter is $2.00. (These prices 
apply only in the U. S. and its possessions.) 
Subscribe Now. Insure early delivery. Mail 
your remittance today to: RCA, Commercial 
Engineering, Section W -40C, Harrison, N. J. 

0RAO/O CORPORATION Of AMERICA 
e.e4,=ee e., 

rue, erm.ormres 

E. H. Rietzke, President of CREI, 
invites You to Write for this 

Significant Anal\ sis of 
Job Opportunities in 
Radio Electronics. 

The Story Behind This Interesting Letter You 
Will Want to Read . . . 

Our advertising agents, realizing that vital 
changes are taking place in the radio industry, 
asked me to give them a factual report of the 
unprecedented job opportunities created by the 
almost unbelievable expansion of the radio 
industry. 

My letter to them contains some pertinent view- 
points on the subjects of COMPETITION-INDUS- 
TF.Y EXPANSION-OPPORTUNITIES. These are 
first-hand observations based on my own ex- 
periences . . . a great deal of time spent in 
the field and constant contact with leaders in 
the radio industry. 

The immediate reaction of our agency upon 
reading this letter was that it contained so 
much inspiration and information that it should 
be reproduced for thousands of radiomen to 
read. Therefore, this unusual advertisement to 
invite you to send for, and read, this letter. 

It is doubtful if many radiomen realize the 
actual things that are happening. That is why 
I think you will want to read this letter. You 
are invited to send for your personal copy 
today. 

President, CREI 

CAPITOL RADIO 
ENGINEERING INSTITUTE 
Washington 10, D. C. 
Mail Coupon For Free Copy No Obligation 

Capitol Radio Engineering Institute 16th and 
Park Road, N. W., Dept. E-3 Washington 10, 
D. C. 

Gentlemen: Please send me FREE, :irr. E. H. 
Rietzke's Analysis of Job Opportunities in Radio - 
Electronics. 

NAME 

POSITION AGE .... 
.ADDRESS 

PITY ONE .... STATE 
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Split Lug 

Double -end 
Lug 

Swager 

Terminal 
Board 

I I 
HPB 

Crystal 

This graph shows frequency ranges 
covered by each unit. Write us for 

your full-size copy. 

Five Standard 
Slug -Tuned 

LS3 Coils Cover 
1/2 to 184 me 

For strip amplifier work, the 
compact (1j" high when 
mounted) LS3 Coil is ideal. 
Also for Filters, Oscillators, 
Wave -Traps or any purpose 
where an adjustable induct- 
ance is desired. 
Five Standard Windings - 
1, 5,10, 30 and 60 megacycle 
coils cover inductance 
ranges between 750 and 
0.065 microhenries. 
CTC LS3 Coils are easy to 
assemble, one %" hole is all 
you need. Each unit is du- 
rably varnished and sup- 
plied with required mount- 
ing hardware. 

SPECIAL COILS 
CTC will custom -engineer 
and produce coils of almost 
any size and style of wind- 
ing...to the most particu- 
lar manufacturer's specifi- 
cations. 

Coiturff re re ,4, 
T'iizee= G1lay 

Cicm/eonene Vie? 'iee 
Custom Engineering... Standardized Designs... 

Guaranteed Materials end Workmanship 
CAMBRIDGE THERMIONIC CORPORATION 

437 Concord Avenue, Cambridge 3$, Mass. 

NEWS OF THE INDUSTRY (continued) 

way radiotelephone units as of the 
first of the year, and applications 
for some 2,000 additional units are 
now being processed. Largest grant 
of this nature was to a fleet of 1,600 
cabs operating in San Francisco and 
Los Angeles. For the entire mobile 
two-way radiotelephone service, the 
total number of experimental au- 
thorizations is approximately 1,000, 
involving some 12,000 taxicabs, 
trucks, private cars, and other ve- 
hicles not in such organized services 
as police, fire, aviation, marine, rail- 
road, public utility, and geophysical. 

Broadcast Engineering 
Conference in Atlanta 
A RADIO broadcast engineering in- 
stitute will be held in Atlanta, 
Georgia, April 14-18, 1947 under 
sponsorship of the Georgia Associ- 
ation of Broadcasters, the Georgia 
chapter of IRE, and the Georgia 
School of Technology. Professor 
Martial A. Honnell of Georgia Tech 
is general chairman. Outstanding 
experts in the various fields of radio 
broadcasting will cover the latest 
technical developments in their re- 
spective specialties, and manufac- 
turers will exhibit and demonstrate 
latest types of radio and television 
equipment. 

Those attending will also have an 
opportunity to visit the five radio 
stations in Atlanta, as well as the 
modern f -m transmitter now oper- 
ating on an experimental basis at 
Georgia Tech. The Institute will be 
patterned after the Ohio State Uni- 
versity national conference, which 
is not being held this year. 

MEETINGS TO COME 

MARCH 3-6: IRE Winter Meeting, 
Hotel Commodore, New York City, 
with Radio Engineering Show at 
Grand Central Palace. 

MARCH 3-7: 1947 Winter Confer- 
ence of National Electrical Manu- 
facturers Association, at the Edge- 
water Beach Hotel, Chicago. 
Committee meetings only. 

MARCH 22-27: Western Metal Con - 

COPPER OXIDE 

RECTIFIERS 

IDEAL FOR AUTOMATIC 

CURRENT CONTROL 
e 

"Coprox" rectifiers may 

be your answer to more 

efficient current control. 
Their varistor character- 
istics make them ideal for 

automatic current valving, 
current limiting, current 

blocking, as well as cur- 

rent measurement. 
Bradley rectifiers are 

designed to give you 
trouble -free service. Their 

electrical characteristics 
remain stable indefinitely 
When operated within 
normal rating, their life is 

unlimited. 
Send for curves show- 

ing current, voltage, re- 

sistance and temperature 
characteristics of Bradley 
copper oxide rectifiers. 

Illustrated literature, 
available on request, 
shows more models of 

copper oxide rectifiers, 

plus a line of selenium 

rectifiers and photocells. 
Write for "The Bradley 
Line." 

BRADLEY 
LABORATORIES, INC. 

82 Meadow St. New Haven 10, Conn. 
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Viere lam 

YOU ¿758 

SELF-LOCKING 

MORN 

MLN 11151 

Self-locking Acorn Palnuts are dome 
shaped, single thread locknuts made of 
tempered spring steel. They exert a 
powerful double -locking action that de- 
fies loosening under vibration. Low in 
cost-light in weight-easily, speedily 
applied-require but 3 bolt threads 
space to lock effectively. 

HERE ARE 

THE FEATURES: 

Self-locking; replaces regular 
nut and lockwasher 
Holds tight under vibration 
Covers rough unsightly bolt 
ends, eliminating "catching" or 
"scratching"; adds streamlined 
appearance 
Saves assembly time, labor, 
weight and cost 

INVESTIGATE Acorn Palnuts for your 
products. Outline your needs for sam- 
ples and suggestions. Write for litera- 
ture giving data on Self-locking Pal - 
nuts. 

The PALNUT Co. 
17 CORDIER ST., IRVINGTON 11, N. J. 

4 Oscillograph traces on 70 mm. paper. 

35 mm. AVIMO 
Continuous Film 
Recording Camera 
(cover removed). 

RECORDING 

TRANSIENT PHENOMENA 

The behaviour of moving 
parts under actual work- 
ing conditions may be 
studied by means of 
standard commercial 
oscillographs, which 
translate mechanical or 
electrical variations into 
evanescent traces on a 
fluorescent screen. 
Avimo cameras record 
these traces on contin- 
uous film or paper, so 
that they may be subse- 
quently checked, ex- 
amined, and measured. 
Write for Publication C3, 
giving full details of 
AVIMO Cameras includ- 
ing types with built-in 
cathode ray tubes. 

'1I,. 
AVI MO Ltd., TAUNTON 

Eng.) Tel. 3634 

Designers and Manufacturers of 
9076E Scientific Cameras 

Senialiona/ new Sweepinj, Oscd/a for il 

Displays 
Pass Band 

Continuous frequency 
coverage up through 
the color television 

bands 

The MEGA -SWEEP 
The most versatile high frequency oscillator. 

These Amazing Features are Found in the MEGA -SWEEP: 

Frequency Range -50 kilocycles to 500 megacycles ! 

Sweep Frequency-Up to 40 megacycles! 
Frequency Meter-Measures from 3 to 800 megacycles! 
Continuously Adjustable Attenuator-Band width 1000 megacycles! 
Output-Approximately 0.1 volt at 50 ohms. 

The MEGA -SWEEP shows at a glance the response of any network or amplifier. This eliminates the 
tedious point to point analysis. Its use saves engineering time and stimulates research. Valuable for television production alignment. 

The MEGA -SWEEP is priced for wide use in laboratory and production line. $350.00 FOB 
East Orange. 

KAY ELECTRIC COMPANY 
47 N. GROVE ST. EAST ORANGE, NEW JERSEY 
Mfrs. of The MICRO -PULSER, The TOUCH -TIMER, M cro-Wave components and High. 
Frequency Wavemeters, and other specialized electronic instruments. 
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The example illustrated is com- 
pletely fabricated with the low - 
temperature silver brazing alloy 
EASY-FLO - the fast -acting, ex- 
ceptionally free -flowing alloy that 
makes joints stronger than the 
metals joined, with the ductility to 
take all the vibration, shock and 
temperature changes the metals 
themselves can stand. It is especi- 
ally suited for electronic work 
because of the high electrical con- 
ductivity and strong corrosion re- 
sistance of the joints and because 
the low -working temperature is a 
safeguard against heat damage to 
light gauge metals. BULLETIN 12-A 
gives full facts. Write for a copy 
and ask also for details of the new 
EASY-FLO 45. 

HANDY & HARMAN 
82 FULTON ST., NEW YORK 7, N.Y. 

Ck,,ayo III. - te, *wy,k,. cet 

a.e.d.an., e I Ioranro Canada 

Agents in Principal Cities 

NEWS OF THE INDUSTRY (continued) 

tosh, consultant. Frank Gunther, 
M. H. Jennings, James Day, and 
Wilbur Thorp of the REL engineer- 
ing staff discussed aspects of spe- 
cific equipment design and use in 
the field. 

During the discussion periods va- 
rious station operators' problems 
were presented and the answers vol- 
unteered by attending eng'neers. 
Mr. Braum, the FCC representative, 
interpreted regulations and ex- 
plained the Commission attitude in 
the absence of specific rulings. 

A feature of the demonstration 
period each day was reception of a 
special program of live talent broad- 
cast from Major Armstrong's Al- 
pine, N. J. radio station W2XMN. 
The entertainment originated at 
the home of Mr. C. R. Runyon, radio 
pioneer, in Yonkers, N. Y., and was 
beamed from his high -frequency ex- 
perimental station to Alpine where 
it was picked up and rebroadcast. 

F -M Polarization 
THE FEDERAL Communications 
Commission has announced that 
licensees of f -m stations may add 
circular or elliptical polarization. 
(ELECTRONICS, p 214, December 
1946). Horizontal polarization is 
still retained as the standard and 
must be used by all f -m licensees 
(including those who exercise the 
option of utilizing circular or ellip- 
tical polarization). 

Additional transmitter operat- 
ing power would be authorized to 
stations employing the new type 
polarization, but it may not exceed 
the horizontally polarized compo- 
nent used for allocation purposes; 
service contours thus remain un- 
changed. 

It is expected that circular or 
elliptical polarization will decrease 
the antenna requirements for home 
and car radio receivers and mate- 
rially increase the probability that 
a receiving antenna located at 
random will provide entirely satis- 
factory f -m reception. 

Taxicab Radio Survey 
NEARLY 8,000 taxicabs in the United 
States, in over 200 different fleets, 
received FCC authorization for two- 

Ptec¿3 
RESISTANCE 
MEASUREMENT 

::: with the Rubicon 

WHEATSTONE BRIDGE No. 1080 

A high precision instrument well 
suited for use as a laboratory standard 
as well as for routine measurements re- 
quiring exceptionally high accuracy. 

Wide range -1 ohm, readable to 
within 0.0001 ohm, to 100 megohms. 

Five -dial rheostat usable as separate 
decade resistance box, 9x(1000+100 
+10+1)+10x.1 ohms. Limit of error 
in resistors of 1 or more ohms 0.02%. 

Plug -controlled ratio arms with resis- 
tors from 1 to 10000 ohms-limit of 
error 0.02% -versatile arrangement 
permitting numerous interchecks. 

Heavy substantial aged manganin re- 
sistors for high stability. 

Extra -heavy sturdy switches with con- 
tact resistance less than 0.001 ohm. 

Fully described in Bulletin 100. 

... with the Rubicon 
TYPE B WHEATSTONE BRIDGE 

Another of the eighteen bridges listed 
in Bulletin 100 for nearly every type of 
resistance measurement . . . from high 
precision laboratory work to high speed 
production line inspection jobs. Write 
for your copy of the new edition of 
Bulletin 100 today. 

RUBICON COMPANY 
Electrical Instrument Makers 

3757 Ridge Avenue Philadelphia 32, Pa. 
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GRAPHALLOY 
1 

I I I 1 

I ! I 

I t 

<9RAPHAtisof> 
p 

41q PS 
O 

Rrr _ P 

FG 

1 

I I 1 

I I 

BRUSHES 

a _.._ 

CONTACTS 

in BRUSHES 
for high current density mini- 
mum wear low contact drop 
low electrical noise self -lubri- 
cation 

in CONTACTS 
for low resistance non -welding 
character 
GRAPHALLOY works where others won't! 
Specify GRAPHALLOY with confidence. 

"A special silver -impregnated graphite 

ereeißtefGl A&A,222fXiì2re 

Usé SIL ER 
I i 

GRAPHITE METALLIZING 

CORPORATION 

1055 NEPPERHAN AVENUE, YONKERS 3, NEW YORK 

ee 
of aft EKP4'J7ov2 

Now made possible 
by remarkable n e w 

electronic advance, 
embodied in 

New 

Electra 
Syncro-Marker PRESSUREGRAPH 
Reproduces on oscillograph screen, 
accurate picture of pressures during 
and after explosion, relates pressure 
variations to time, engine speed, dead 
center, etc. NEW STUDIES OF PRES- 
SURE ACTIONS OF ENGINES, includ- 
ing Diesels-compressors, pumps, jet 
engine, etc. 

Covers "transients." 
Send for description and full 

engineering data 

MILLI. 
SECONDS 

TO THE INCH 

Engine 
Pickup 

/n¡ 

Angular Sync Pressuregraph Syncra.Marker Oscillograph 

ELECTRO PRODUCTS LABORATORIES 
549 W. Randolph St., Chicago 6, III. Phone STAte 7444 

Here is your chance to secure those 
hard -to -get tubes you need. STANDARD 
ARCTURUS places at your disposal a 

diversified supply of tubes of every type 
and description - both War Assets 
Administration surplus and regular 
stock. Every tube is subjected to rigid 
testing and servicing, including 
packaging. 

r)) 

The supply of some types is limited. 
To get the STANDARD ARCTURUS 
monthly announcements of available 
types of War Assets Administration 
surplus tubes, clip the coupon below 
and mail it at once with a complete list 
of your requirements. 

STANDARD ARCTURUS C R ORATION 
, NEWARK 4, N. 1. 

WAR ASSETS ADMINISTRATION AGENCY 
Contract No. WAS (p) 146 

FILL IN & MAIL TODAY 

Standard Arcturus Corp., 101 Sussex Ave., 
Newark 4, N. J. 
Please send me monthly lists of available 
W.A.A. tubes. 

Name 

Company 

Address 

L-3 
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THE GENERAL ELECTRIC 
VARIABLE RELUCTANCE PICKUP 

RECORD enthusiasts are critical cus- 
tomers-whether they be devotees of 

Bach or boogie-woogie. Better and better 
reproduction of their favorite recordings 
is an insistent demand that must he met. 

The General Electric Variable Reluc- 
tance Pickup can help you to meet that 
demand. It will appeal immediately to the 
technical mind due to its simplicity and 
direct resolution of difficulties often asso- 
ciated with phonograph pickups. 

Check this list of major features: 

Low Needle Talk 

Negligible needle scratch 

Low Distortion 

Permanent sapphire stylus 

Minimum record wear 
Frequency response 

30-10000 cyc'ns 

Not affected by adverse 
climatic conditions 

For complete information write to: 
General Electric Company, Electronics Department, Syracuse 1, ,\ 

GENERAL ELECTRIC 
les -FI 

Paramount Paper Tubes 
are used in the transformers 
of the speakers in several 
Stewart -Warner table model 
radios. Stewart -Warner 
Model 9022 B is shown at left. 

Z=. STEWART-WARNER 
uses PARAMOUNT PAPER TUBES* 

SEND FOR 

ARBOR LIST OF 

OVER 1000 SIZES 

Lists great variety of 
stock arbors. Includes 
many odd sizes.Write 
for Arbor List today. 

Inside Perimeters 
from .592 to 19.0' 

t a 
1 es 

00%, 
CPARAMOUNT PAPER TUBE CORP. 

This is typical of the wide use of PARAMOUNT 
paper tubes by leading manufacturers of electrical, 
radio and electronic products. With over 15 years 
of specialized experience, PARAMOUNT can pro- 
duce exactly the shape and size tubes you need for 
coil forms or other uses. Square, rectangular, or 
round. Hi -Dielectric, Hi -Strength. Kraft, Fish Paper, 
Red Rope, or any combination, wound on auto- 
matic machines. Tolerances plus or minus .002'. 
Made to your specifications or engineered for you. 

616 LAFAYETTE ST., FORT WAYNE 2, IND. 
Manufacturers of Paper Tubing for the Electrical Industry 

616 LAFAYETTE ST., FORT WAYNE 2, IND. 
Manufacturers Paper Industry 

NEWS OF THE INDUSTRY (continued) 

medical, and scientific purposes. 
Stipulations provide that emissions 
shall be confined to the channel be- 
tween 2,400 and 2,500 megacycles 
and no interference shall be caused 
to authorized communication serv- 
ices from spurious or harmonic 
radiations. Chief uses for this al- 
location at present are diathermy, 
induction and dielectric heating for 
industrial purposes, and microwave 
heating with such equipment as 
Raytheon's radarange. 

Clearing Low F -M Band 
In order to clear the 42-44 me 

portion of the low f -m band for use 
by the nongovernment fixed and mo- 
bile services to which these frequen- 
cies have been allocated, the FCC 
has made temporary new assign- 
ments above 44 me for the nine f -m 
stations that were operating below 
this frequency. The changes in fre- 
quency must be made no later than 
Feb. 1, 1947. Some affected stations 
plan to cease operation until their 
equipment is ready for operation on 

their regular assignment in the new 
higher -frequency band. 

No date has been fixed by the 
FCC as yet for transfering of all 
f -m operation to the new 88-108 me 
band. Temporary operation of sta- 
tions in the lower band is contem- 
plated until sufficient f -m receivers 
for the higher band are available. 

l' -M Clinic 
THE F -M BROADCAST engineering 
clinic conducted by Radio Engineer- 
ing Laboratories in Long Island 
City starting Jan. 20 drew an at- 
tendance of over 100 engineers, 
some from as far as Liberia and 
Australia, during four days of lec- 
tures, demonstrations, and discus- 
sions on technical subjects associ- 
ated with frequency modulation. 

Outside speakers included Major 
E. H. Armstrong, inventor of the 
f -m system; Paul A. de Mars, of 
Raymond E. Wilmotte, Inc., consul- 
tant; John Bose, Columbia Univer- 
sity; C. M. Braum, FCC; Stewart 
Bailey, of Jansky and Bailey, con- 
sultant; C. Russell Cox, of the An- 
drew Co., engineer; F. M. Mcln- 
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A PROVED relay 
for NEW uses 
originally developed for our Vehicle- 
\ I uated Traffic Control Systems, the AC2 

relay is now generally available. Fast - 
acting, compact, built to handle up to ten 
million operations a year. Clean operation 
of as many as ten sets of contacts on each 
relay, with circuit closure of as little as 
.010 seconds, is provided for on this 
precision instrument. 

Even where insulation resistance in excess 
of 300 megohms is required after long 
service, the AC2 relay assures it through 
a method of encasing each individual 
contact spring in phenolic insulation. 

All connections at rear, including coil 
connections, make the AC2 well adapted to 
vertical rack mounting. Drilled with four 
mounting holes for No. 8 screws. Centers 
13 ié ' horizontal x 1016" vertical. 

Coils for 115 volts, 60 cycles, and 12 volts, 
60 cycles, and pure silver contacts 2" 
diameter (rated 5 amps. 115V AC non - 
inductive) and 7,42" diameter (rated 10 
amps.115V AC non -inductive) are standard. 
Other contacts and coils can be supplied 
on special order. 

Overall width 1%". Relay extends 27,46' 

forward and ?j " backward from mounting 
surface. Overall height 2:4x" from bottom 
of armature to top of vertical contact 
guards. This height will accommodate 4 
average contact assemblies, 2 in each 
pileup. Each additional contact assembly 
adds approximately %" to the overall 
height. 

Our Engineering Department can be of 
valuable assistance to you in adapting 
this relay to your present products or 
your new designs. Write us your problems 
and requirements. 

AUTOMATIC SIGNAL DIVISION 
Eastern Industries, Incorporated 

100 Regent Street 

East Norwalk, Connecticut 

GOAT PRECISE -FORMED 
DEEP -DRAWN METAL PARTS 

TNew ied 2ua4e at -dame,c code 
Deep drawing, sizing and coining, in conjunction with quality 

control techniques devised by the Goat Company, make 
possible the economical production of small parts to tolerances 
unattainable a few years ago. The new method makes expensive 
annealing operations unnecessary. The use of these economi- 
cally produced, precision parts reduces both material costs and 

assembly costs. 

Send us your design prints for 
engineering recommendations 

Address Dept El. 

GOAT METAL STAMPINGS, sT4ypfN 
Division of The Fred Goat Co., Inc. 

314 DEAN STREET BROOKLYN ,N. Y. 

2 

WORLD'S FINEST 

AND FASTEST SELLING 

r -e 
Here's Your Newest Profit Builder! 

A striking, three-dimensional display which 
catches the eye of every customer. It's 

completely assembled, ready to place on 
your counter and bring in easy, extra sales. 
You pay only for the four fast moving mod- 

els mounted. The display itself is FREE! 

PROFIT BUILDER 
LIST $22.00 

Each of these models is engineered 
and equipped to fit every rar.' 

CAr rA tAR AMº HOME 

Every Ward model has been tested and ap- 
proved by car and radio set manufacturers 
-your proof of quality inside and out. 

THE WARD PRODUCTS CORPORATION 1523 E. 45th STREET, CLEVELAND 3, OHIO 
EXPORT. DEPARTMENT: C. O. BRANDES, MGR., 4900 EUCLID AVENUE, CLEVELAND 3, OHIO 
IN CANADA: ATLAS RADIO CORP., 560 KING STREET, WEST, TORONTO, ONTARIO, CANADA 
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jSe 
! e t ron 

SELENIUM RECTIFIERS 

replace tubes, 

cut control -unit 

space in half for 

United Elevator 

Service 
When United Elevator Service was de- 

signing this control unit for post-war 

elevator installations - the requirement 

was for a compact rectifier that would 

deliver the required voltage within narrow 

tolerances and under widely varying load 

conditions. After rigidly controlled tests, 

United chose Seletron. And United expects 

this circuit to pay sizeable dividends in 

service life. 
Your rectifier applications will reflect 

these benefits, too, when you've made the 

switch to Seletron. In addition you'll find 

savings in installation-for there is no 

complicated wiring in a job done with 

Seletron. And you'll find your operating 

costs reduced-because you eliminate fre- 

quent replacements and fragile ports. 

Ask Seletron for an easy solution to 

your rectifier problems. 

Reg. Trade Mark 

MADE ON 
ALUMINUM 

Address 
Dept. S -2I 

SeletrOnN Division 
V1fil-ru-r; _- 

RADIO RECEPTOR CO., Inc. 
Since 1922 in Radio and Electronics 

251 West 19th St. 

New York 11, N. Y. CVKCK_J 

NEWS OF THE INDUSTRY (continued) 

Research. Estimated cost of the 
one machine to be built is of the 
order of 150,000 British pounds, 
and work on it will take two to 
three years. The British circuit is 
expected to have higher memory 
storage, of 75,000 decimal digits as 
compared with 200 for ENIAC. 

Radar on Airliners 
Incorporation of modern radar in 

eight Stratocruiser luxury airliners 
being built for American Overseas 
Airlines by Boeing is claimed to be 
the first case of preplanned radar 
installation In commercial aviation. 
The ships are to be placed in trans- 
atlantic service late this year. 

Two antennas will be utilized, one 
in the nose pointing forward to de- 
tect storm areas and areas of dan- 
gerous icing, and the other a 60 - 
inch diameter unit in the belly to 
map shorelines from many miles 
out to sea and to utilize ground 
radar beacons along the route for 
navigation. Such beacons at each 
end of airport runways will also 
serve with radar on the planes to 
simplify blind landings and reduce 
possibilities of collision with high 
objects in the vicinity of airports. 

Ionospheric Research 
Radio propagation conditions in 

the 28 -mc band are being investi- 
gated by the Central Radio Propa- 
gation Laboratory of the National 
Bureau of Standards with the vol- 
untary participation of 130 radio 
amateurs located around the globe. 
It is hoped that the project will 
make possible surer recognition of 
the unusual transmission and recep- 
tion conditions accompanying spo- 
radic E -layer ionization, which 
makes communication between two 
points possible at a higher fre- 
quency than the predicted maxi- 
mum. 

Frequency for Heating 
One frequency on which opera- 

tion is now permitted without a 
license . is 2,450 megacycles, as- 
signed by the FCC for industrial, 

Permanent Positions 
Available for 

ELECTRICAL 
ENGINEERS 

in the following fields 

RESEARCH & 
DEVELOPMENT 
PURCHASING 
PRODUCTION 
SALES 

Must have electrical engi- 
neering degrees or equiv- 
alent and have proven 
records of experience. 
Positions are permanent, 
with excellent opportuni- 
ties for future advance- 
ment. 
All inquiries must be by 
letter, stating education, 
experience, references 
and salary expected. 
Complete qualifications 
must be indicated in first 
letter. All replies will be 
treated in strict confi- 
dence, and should be 
marked for personal at- 
tention of Mr. Albert A. 
Goffstein, General Mana- 
ger. 
We prefer men with ex- 
perience in fields of VI- 
BRATORS, VIBRATOR - 
POWER SUPPLIES, 
RECTIFIER POWER SUP- 
PLIES, SMALL POWER 
and AUDIO TRANS- 
FORMERS, RADIO RE- 
CEIVING SETS, and TELE- 
VISION RECEIVING 
SETS. 

Write today- 

AMERICAN TELEVISION & RADIO CO1 
Quelily Products Sm,c 1931 

ST. PAUL s MINN. U. S. A. 
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ALLOY "A" 
Nickel -Chromi- 
um alloy, re- 

sists oxidation at elevated 
temperatures; up to 2100° 
F. Also used for fixed 
non - magnetic resistors. 
Resists chemical corrosion 
by many media. Specific 
resistance 650 Ohms/- 
C.M.F. 

ALLOY "C" 
Nominally 
60% Nickel, 

15% Chromium, balance 
iron. High resistance to 
oxidation and corrosion. 
Widely used for resistors 
for radio, -electronics, in- 
dustial equipment and 
domestic appliances. Op- 
erating temperatures up 
to 1700° F. Specific re- 
sistance675 Ohms/C.M.F. 

ALLOY"45" 
Copper - Nickel 
alloy with con- 

stant resistance over wide 
range of temperatures. 
Specific resistance 294 
Ohms/C.M.F.; tempera- 
ture coefficient 0.00002 
Ohms per deg. F.; 32-212 
deg. Used in winding of 
precision resistors, rheo- 
stats, and electrical 
measuring devices. 

KANTHAL 
Exclusive man- 
ufacturers and 

distributors of KANTHAL 
wire, ribbon, and strip. 
An alloy containing Iron, 
Chromium, Aluminum 
and Cobalt ... for oper- 
ating temperatures up to 
2462° F. Three grades, 
A-1, AS, DS; resistivity 
872, 837, 812 Ohms/- 
C.M.F., respectively, at 
68° F. 

As fine as .0006" for alloy 

and Fine Wire Screen 

IN TUNGSTEN and OTHER METALS 
AND SPECIAL ALLOYS; ALL MESHES 
IN STANDARD WIDTHS, OR WIRE - 
M ES H PARTS FABRICATED TO 
ORDER. 

Write for Catalogs. 

THE C. O. JELLIFF 
MFG. CORP. 

123 PEQUOT ROAD, 
SOUTHPORT, CONNECTICUT 

WIRE CLOTH 
DIPPING BASKETS 

LEKTROMESH 

DIALS, PANELS 

NAME PLATES 

Planning dials, name plates, 
panels? Check Premier. We're 
specialists in etched metal prod- 
ucts that offer the PLUS of sales 
appeal to maximum utility and 
visibility. Sharply defined mark- 
ings, close tolerance calibrations, 
accurately positioned lettering, 
and permanence of finish charac- 
terize all Premier products. We 
have complete and centralized 
facilities, with specially de- 
veloped equipment for plating, 
blanking, piercing and forming. 

WRITE FOR BULLETIN 

designed for Maximum 

Utility and Sales Value 

-g 

.B 

, 
jl 

g 2 

3 
G..:dàd . 

4 
Rodib 

. . 
7 6 S 

GENERAL E[E[TRI[. 

ETCHED & LITHOGRAPHED ON 

ALUMINUM BRONZE MONEL 
BRASS COPPER NICKEL SILVER 

STAINLESS STEEL 

PREMIER METAL ETCHING COMPANY 
Quality Products for Orer 35 Years 

21-07 44TH AVENUE, LONG ISLAND CITY I, N. Y. 
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INSTRUMENT RESISTORS CO. 

1036 Commerce Avenue, Union, New Jersey 

ELECTRONICS - March, 1947 7M 

www.americanradiohistory.com

www.americanradiohistory.com


Here Today ... 
And Here 

TOMORROW! 
Are you an Electronic 
Equipment Manufacturer 
looking for a highly satis- 
factory-and, above all 
else, stable source of 
transformers? 
Kenyon, for over 20 years. 
has served and pleased 
people just like you. And 
will continue to serve 
and please indefinitely. 
So if you are having 
"here today and gone to- 
morrow" trouble on trans- 
former supply - come to 
Kenyon! 

THE ,NARK OF LTCELLES'CE 

KENYON 

TRANSFORMER CO., Inc. 
840 BARRY ST., NEW YORK, N. Y. 

Find Out Now A bout 

*STA R* 
CERAMICS 

There are many kinds for 
special uses, such as appli- 
cations calling for resistance 
to electricity, heat, moisture, 
chemicals or weathering 
agents. There are more than 
a score of formulas in ac- 
tual production at one time 
in our factory. 

Send for "A Brief Survey 
of Technical Characteristics 
of molded Ceramic Prod- 
ucts." It is right to the point. 

The STAR 
PORCELAIN CO 

Electronics Dept. 

Trenton 9, N. J. 

TYPE 65X 
Actual Size 

Other types available 
in the lower values 

RESISTOR BULLETIN 4505 

GIVES FULL DETAILS . - 

It shows illustrations of the 
different 
Resistors 

types of S. S. White Molded 

and gives details about construction, 

dimensions, etc. A copy, 

List will be mailed on request. Write 

for it-today. 

Noiseless in operation 
Strong and durable 
Good performance in all 

climates 

STANDARD RANGE 
1000 ohms to 10 megohms 

NOISE TESTED 
At slight additional cost, resistors in the 
Standard Range are supplied with each 
resistor noise tested to the following stand 
ard: "For the complete audio frequency 
range, resistor shall have less noise than 
corresponds to a change of resistance of 
1 part in 1,000,000." 

HIGH VALUES 
15 to 1,000,000 megohms SI WHI TE 

TNf S. S. WHITE DENTAL MFG. CO. TR/dL DIVISION 
DEPT. R. 10 ïAST 0th ST., NEW TORR IC, N. Y. -- Illxllll SHAFTS /yx1.0 $IIAn Toot, - -.1, 
MAL. cvTTIN AND 011101110 1001$ - $rrCIAt l0l00tA 111IIH$l$ 
0011lD efK104 PLASM glcWTp CONnACT PLAITIaI I10N1M 

ate oa "itsxezróeaa 44,4,4 9rcduaDrta! £.reteeteaca 

ROBINSON 
Precision Turntables 

* `Iiight angle 
belt drier atitl 
patented "seis- 
mic" sub base 
motor mount- 
ing 
Instant, fool- 
proof lever 
shift from 78 
to 33 IA R.P.M. 

* New microm- 
eter speed ad- 
justment anti 
patented plane- 
tary hall hear - 
i n g transmis- 
sion. 

NEW!! 
* Transcri pt i o n 

Tone Arm with 
"GE" Variable 
Reluctance 
Cartridge!! 

Console $90 Chassis $295 
Duplex Console $150 

Transcription Tone Arm $74.50 
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ALLEN 

FLAT HEAD 

CAP SCREWS 

For perfect countersink -fit; 

p Live. wrenching-and more! 

All sizes from No. 4 to 3/4" diameter, in 
standard lengths,- for small electronic 
devices or heavy machine tools,-afford- 
ing these advantages as flush fastenings: 

(1) Flush top surface with no gap be- 
tween screw head and surrounding metal. 

(2) Extreme rigidity of grip, because 
angle of head helps lock screw in place 
by drawing down on a conical surface. 

(3) Firmer hold on thin plates of metal, 
by more binding surface under the head 
than in fillister type or cheese -head screws. 

(4) Shallower countersink-less weak- 
ening of metal -when:used for fastening 
a relatively thin plate. 

(5) Positive engagement of hex key 
transmits power for tightest of set-ups 
without slipping, reaming or side play. 

(6) Maximum strength of screw itself 
assured by "pressor -forming" of special - 
analysis ALLENOY steel. Threaded to a 
high Class 3 fit. 

(7) Speed in assembly provided for by 
use of Allen hand drivers and key blades 
for power drivers. 

Order of your local ALLEN Distributor,- or 
ask him for samples and engineering data for 
preliminary try -out. Get proof that these 
screws perform as dependably as Allen Hol- 
low Set Screws and Socket Head Cap Screws. 

THE ALLEN MFG. CO., 
HARTFORD 1, CONN., U. S. A. 

NEWS OF THE INDUSTRY (continued) 

Army Airfield and Andrews Field 
in Maryland. In earlier tests of the 
system at Indianapolis, three Lanac- 
equipped planes were able to land at 
one -minute intervals through an 
overcast so bad that all commercial 
planes in the area were grounded. 

BLACKBURN -HAMILTON CO. has been 
organized as a firm of radio station 
brokers, with offices in Washington, 
D. C. and San Francisco, Calif. 

BURNDY ENGINEERING Co. has 
opened a new factory and ware - 

New Burndy plant in California 

house in Vernon, Calif., for manu- 
facture of connectors. 

ALLEN B. Du MONT LABORATORIES, 

INC. has installed a new RCA three - 
bay superturnstile antenna for its 
television station WABD in New 
York City, increasing the effective 
radiated power from 1.81 kw to 
17.8 kw, which gives the maximum 
coverage allowed by present FCC 
regulations. 

HALLICRAFTERS CO., Chicago, is 
sponsoring a six-month expedition 
to equatorial Africa for explora- 
tion of the Mountains of the Moon 
and the Lost Lakes of the Ruwen- 
zori and to conduct scientific re- 
search and short-wave radio experi- 
ments. Leader is Commander Attilio 
Gatti. From the expedition's field 
camp on Ruwenzori, a powerful 
short-wave radio station will main- 
tain contact with the home station 
at the new Hallicrafters plant in 
Chicago, and with amateur radio 
operators throughout the world. 

BENDIX RADIO DIVISION, Baltimore, 
Md. announces that one of its latest 
radar airport surveillance devices, 
known as AN/GPN-2, has been 
loaned to CAA by the U. S. Navy 
for use at Pittsburgh airport to 
provide exhaustive practical test- 
ing of radar for airport traffic con- 
trol. It gives 360 -degree coverage 
up to 10,000 feet altitude within 30 
nautical miles of the airport. De - 

Here's a few 
ALDEIV PRODUCTS! 

All adding time saving in manufacture-con- 
venience of use-saleability-or a reduced 
overall cost to the product on which they 
are used. 

RAY CATHODE RA 
SOCKETS 

801-5 PLUG 

411-5 .SOCKE 

MINIATURE 

500 Series 

Read about them 
211 AND 214 SERIES CATHODE 

RAY TUBE CONNECTOR 
WITH LEADS 

Any requirements in a cathode ray 
tube connector with proper leads 
attached engineered as an assembly. 
high safety factors in all kinds of 
service. Super -long leakage paths. 
rounded. "coronaless" clips and 

S 
individual pocket type insulation 
and strain relief. 

801-5 SHIELDED PLUGS AND 
411-5 METAL SOCKETS 

Shielded plug and socket for auto- 
mobile sets or for any other equip- 
ment where leads must be shielded 

TS and shield grounded to chassis. Shield 
is easy to put on and solder to plug. 
Supplied with or without shielded 
cable. 

121-5 PLUGS 
441-5, SOCKET 

AC OUTLET.. 

402 AC 

AC LINE CORDS 

202 Series 

FUSEHOLDER 

440 FH 

TUBE CAP 
CONNECTORS 

_t190 Series 

TUNING EYES 

DETACHABLE 
TERMINAL 

CONNECTORS 

-4) 
Series,- 

MINIATURE CABLE 
CONNECTORS 500 SERIES 

Famous for connecting AC motors 
in combination sets and all kinds of 
"through -panel" work. Overall diam- 
eter only u". Save labor costs by 
having our special wire equipment 
put on leads to your particular needs. 
Underwriters approved. 

121-5 MINIATURE PLUGS 
AND 441-5 SOCKETS 

Compact plug and metal seal 
socket. Use when you want connector 
to come directly out of chassis. Leads 
to your specifications. "Pocket" type 
individual insulation on each lead 
and clip. 

AC OUTLET 402AC 
Smallest possible outlet that can 

be eyeletted or riveted to chassis like 
other components. Tabs designed for 
easy soldering. 

AC LINE CORDS 202 SERIES 

Detachable AC line and with 
socket, neat and compact. Socket eye- 
lets or rivets in place like other com- 
ponents. Underwriters approved. 

FUSEHOLDER 440FH 
Here is a fusebolder that riveta or 

eyelets in place like the other compo- 
nents in your set. Cannot twist or 
turn, has spring to eject fuse if it 
breaks, and make contact at base of 
fuse and prevent rattle. Top contact 
slotted for easy removal of fuse fer- 
rule when glass breaks. Tabs are 
special design for ease in attaching 
primary leads of ample size. 

90 SERIES TUBE CAP 
CONNECTORS WITH LEADS 

Any requirement in tube cap con- 
nectors supplied with leads of proper 
voltage handling characteristics. 
Many made special, hundreds of 
moldings, stampings and wire to 
draw on. 

206-8 TUNING EYES WITH 
LEADS 

Supplied with tailor-made leads. 
With or without escutcheon and 
bracket. Individual insulation and 
strain relief for each lead. 

200 SERIES DETACHABLE 
TERMINAL CONNECTORS 

Replaces terminal strips. Supplied 
with leads. Each lead has individual 
insulation and strain relief. 

WIRE AND CABLE 
Any kind of wire or cable laced, 

braided, woven or assembled with 
any of our components or those of 
other make. Many types of wire in 
stock and in process. 

NEW ITEMS 

Alden is a specialist in bringing 
through special electrical assemblies; 
new samples made promptly. 

&4J 
Radio Components 

Facsimile and Impulse Recording Equipment 

ALDEN PRODUCTS COMPANY 
BROCKTON 64, MASS. 
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EISLER 

ELECTRICAL & ELECTRONIC 
EQUIPMENT 

ELECTRONIC TUBE EQUIPMENT 
24 HEAD 

RADIO TUBE 
EXHAUSTING 

MACHINE 

We Make 
Complete 
Equipment 

For The 
Manufacture 
Of Incandes- 
cent Lamps, 

Radio and Elec- 
tronic Tubes. 

TRANSFORMERS OF ALL TYPES 
For 

LIGHTING 
FURNACES 

POWER 
PHASE 

CHANGING 
DISTRIBUTION 

ETC. 

Air, Oil, 
or Water 

Cooled 

TRAÑ5fCf7MÉliS .20i] -1'V, 
OIL iMMCRSE D 

.,!- -UTOtJR T VPF 

Sizes 1/4 To 250 KVA 

SPOT WELDERS! 
OF ALL TYPES 

FOR ALL PURPOSES 
SIZES 1/4 TO 250 KVA 

Butt Welders - Gun Welders 
Arc Welders 

Neon Sign Units 
Fluorescent Tube 

Manufacturing Equipment 

CHAS. EISLER 

EISLER ENGINEERING CO. 
751 So. 13th St. (Near Avon Ave.), Newark 3, N. J. 

TEST YOUR 
MAGNETIC CIRCUITS 

RAWSON FLUXMETER TYPE 504 

The only portable fluxmeter available which 
returns rapidly to zero when a single button 
is depressed. Simple and fast in operation. 
Convenient and light in weight. 

Not limited to a single type of measure. 
ment. Has universal application for labora- 
tory or production. Measures strength of 
magnets and electromagnets, permeability 
and hysteresis loops for iron and steel, total 
flux lines in circuit, flux lines developed in air 
gap, etc. 

Has a mechanical clamp to protect the 
pivots and jewels when in transit. 

Low price $125 net FOB Cambridge, Mass. 

RAWSON ELECTRICAL 
INSTRUMENT COMPANY 
111 Potter Street, Cambridge 42, Mass. 

Representatives 
Chicago Los Angeles New York City 

(Patent Pending) 

WS% 

"DIALCO" PLN-849 Pilot Lights 
Designed for the New Neon -5I Lamp 

Feature BUILT-IN RESISTORS 
For 110 Volts (and higher) 

A RUGGED UNIT. Consumes a small amount of current 
(under one milliampere) and has dependable long life. 
Note these important features 
of PLN-849 Pilot Light: 

(1) RESISTOR INTEGRAL 
with socket assembly. Value to 
suit supply voltage. 

(2) Moulded Bakelite Socket. 
(3) Full -view Jewel Plastic 

Cap for visibility at all angles. 
(4) Rugged terminals, binding 

screw or permanent soldering 

ÿ 

type. 
(5) High resistance to vibra- 

tion or shock. 
(6) Supplied complete with 

General Electric Neon NE -51 
Bulbs. May also be adapted to I - accommodate General Electric 
Radio Panel Bulbs such as 47, 44, t 

etc., for low voltage circuits. 
Bulbs removable from front of 1k' 
panel. 
Dialco Pilot Lights. In thousands of variations. 
are UNDERWRITERS' LABORATORIES listed. 

BUILT- IN 

RESISTOR 

HOUSED 

IN SPRING 
CONTACT 
EYELET 

WRITE FOR NEW 

DIAL LIGHT [0. 
ILLUSTRATED 

,,// 
8ROCHUREE 

c. 

900 BROADWAY NEW YORK 3, N. Y. 
Telephone: ALgonquin 4-5180-1-2-3 

Like this sturdy, handy, timesaving 
XCELITE De Lux Nut Driver Set, the entire 
XCELITE tool line gives you the quality 
advantages of ORIGINALITY in design! 
Ask your dealer about XCELITE shockproof 
screwdrivers and nut drivers ... see why 
they make your job easier! 

Park Metalware Co., Inc. 
Dept. C. Orchard Park, New York 

7;06 PREFERRED BY EXPERTS 

re erred 

CUP WASHERS 
for Binding Screws 
WHITEHEAD STAMPING CO. 

as a source of pre- 
cision - made 
WASHERS and 
STAMPINGS 
manufactured to 
your specifications 

1691 W. Lafayette Blvd. Detroit 16, Michigan 
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E 

YOUR SWITCH DESIGN 

TO ACRO Snap -Action 

Small 

Compact 

Two Pole 

Design 

-.. ' 1ì 
"`,.. ,---,: -- -1--- ------____._ 

- 2------ -.7.1,...1:11-Z-_.....--- 9-.- 
Mir 

2Y8 

ACRO'S Patented Rolling Spring construction is 
widely preferred by prominent manufacturers for its inherent, 
positive snap action and long life. Permits a wide variation in 
operating characteristics, size and shape. Two pole design 
shown is made with either single or double throw contacts, with 
operating pressures from 3 to 5 oz. Movement differential 
1/16". Rating: 15 Amps, 125 Volts A.C. Write for print of Two 
Pole Switch illustrated or, better still, send us your own engi- 
neering details for quicker action. 

ACRO ELECTRIC COMPANY 
1316 SUPERIOR AVENUE CLEVELAND 14, OHIO 

Write 
for 

Complete 
Information 

#710, Ot 
daer4 WI 'Mae >44ieuttale4 

TJoimete' 

Range .0005 to 500 volts 
Frequency 5 CPS to 2.0 MC 

LOGARITHMIC 
AC VOLTMETER 

WIDE BAND 

AMPLIFIER 
Advanced Design gives 
you a sensitivity and fre- 
quency response never 
before obtained. 

Logarithmic voltage scale 
Linear DB scale 
Input 2 Megohm 15 MMF 
Accuracy -i- 2% 
Stability - 1% 105 to 125 V 

Ideal for Audio, Supersonics, Lower Radio Frequency Spectrum. 
Measures Stage Gain, RF and IF Amplifiers on Broadcast Receivers. 

INSTRUMENT ELECTRONICS 
42-17A Douglaston Parkway Douglaston, L. I., N. Y. 

NEWS OF THE INDUSTRY (continued) 

signed as a mobile supplement to 
GCA, the equipment requires only 
one operator and includes two-way 
radio operable on all aircraft fre- 
quencies. Fast time constant cir- 
cuits reduce the masking effect of 
ground clutter on the ppi indicator, 
simplifying tracking of planes close 
to the ground. 

PACIFIC ELECTRONICS ENGINEERING 
CORP., Los Angeles, Calif., is set- 
ting up a demonstration microwave 
transmission service between 
Shanghai and Soochow in China as 
the first step in selling microwave 
equipment to the Ministry of Com- 
munications for eight -channel tele- 
phone communication service to 
serve in place of wire lines. Advan- 
tages of radio include freedom from 
pilferage of wire. 

PERSONNEL 

WILLIAM F. COTTER becomes chief 
engineer for Scott Radio Labora- 
tories, Inc., Chicago, succeeding 
Marvin Hobbs who is engaging in 
consulting engineering on radio 
broadcast equipment. 

EUGENE FREKKO was appointed 
chief engineer of the electrolytic 
division of Cornell-Dubilier Elec- 
tric Corp., South Plainfield, N. J., 
succeeding Paul McKnight Deeley 
who becomes manager of the plant. 

JOHN I. ADAMS is director of re- 
search for Schweitzer Paper Co., 
Mt. Holly Springs, Pa. in connec- 
tion with manufacture of capacitor 
papers. He was formerly with the 
paper group at the Pittsfield, Mass. 
plant of General Electric Co. 

CONRAD H. HOEPPNER has resigned 
as head of the Naval Research 
Laboratory Telemetry Group to be- 
come director of the Glenn L. Mar- 
tin Co. Electronics Laboratory, 
Baltimore, Md. 

EMIL REISMAN, formerly with In- 
ternational Resistance Co. for over 
14 years, is chief engineer of Re- 
sistance Products Co., Harrisburg, 
Pa. 

EVERETT W. THATCHER becomes 
head of the research division of the 
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SEARCHLIGHT SECTION 
EMPLOYMENT BUSINESS 

UNDISPLAYED RATE: 

90c a line, minimum 4 lines to figure advance 
payment count 6 average words as a line. 
POSITIONS WANTED (full or part-time sal- 
aried individual employment only), i/2 above 
rates. 
PROPOSALS 75 cents a line an insertion. 

NEW ADVERTISEMENTS received by 10 

OPPORTUNITIES 

INFORMATION: 
BOX NUMBERS in care of any of our New 
York, Chicago or San Francisco offices count 
IO words additional in undisplayed ads. 

DISCOUNT of 10% if full payment is made 
in advance for four consecutive insertions of 
undisplayed ads (not including proposals). 

EQUIPMENT-USED or RESALE 

DISPLAYED-RATE PER INCH 
The advertising rate is $9.00 per inch for all 
advertising appearing on other than a con- 
tract basis. Contract rates quoted on request. 

AN ADVERTISING INCH is measured 7/8 inch 
vertically on one column, 3 columns -30 inches 
-to a page. E 

A. M. March 10fh will appear in the April isue, subject fo limitation of space available. 

POSITION VACANT 

INSTRUCTORS AND Professors to teach Elec- 
trical Engineering at prominent university 

in metropolitan area. Undergraduate and 
graduate courses in all fields and excellent re- 
search facilities. Professors must have 
advanced degrees. Salaries $3000 to $7500 de- 
pending on qualifications. Write with full de- 
tails of education and experience to P-307, 
Electronics, 330 W. 42nd St., New York 18, N. Y. 

EMPLOYMENT SERVICES 

SALARIED POSITIONS $2,500-$25,000. This 
thoroughly organized confidential service of 

37 years' recognized standing and reputation 
carries on preliminary negotiations for super- 
visory, technical and executive positions of the 
calibre indicated, through a procedure Individ- 
ualized to each client's requirements. Retain- 
ing fee protected by refund provision. Identity 
covered and present position protected. Send 
only name and address for details. R. W. 
Bixby, Inc., 278 Dun Bldg., Buffalo 2, N. Y. 

EXECUTIVES $3,000-$25,000. This reliable 
service, established 1927, is geared to needs 

of high grade men who seek a change of con- nection under conditions assuring, if em- 
ployed, full protection to present position. 
Send name and address only for details. 
Personal consultation invited. Jira Thayer 
Jennings. Dept. E. 109 Church Street, New 
Haven, Conn. 

POSITIONS WANTED 

ENGINEERS presently employed as super- visor of test equipment design section for 
large manufacturer desires position with smaller progressive organization actively plan- 
ning production of television receivers. Have 
successfully organized both prewar and post- 
war television receiver production test pro- 
grams. Familiar with preproduction model analysis, test process, establishment and stand- 
ards, production methods of assembly and 
test, equipment costs, quality and reject con- 
trol. Age 35. Position must carry direct 
responsibility for setting up and initiating 
production-with commensurate salary. PW- 
297, Electronics. 330 W. 42nd St., New York 
18, N. Y. 

RADIO, ELECTRONICS and Communications 
Engineer:-graduate radio and electrical 

engineer, B.S. degree, 14 years experience radio, 
electronic and communication engineering, de- 
sign, installation, operation, supervision, both 
management and technical, 1 year aircraft 
radio, some radar, send receive 25 words per 
minute, 6 years purchase, supply export docu- 
ments, speak, read, write French and Spanish, 
location immaterial, salary open, desire admin- 
istrative or technical position. PW-208, Elec- 
tronics, 330 W. 42nd St.. New York 18, N. Y. 

LABORATORY ASSISTANT Technician, no ex- 
perience, four years radio repair experience. 

Salary open to consideration G. I. Bill if advis- 
able. R.C.A. institute evenings. PW-309. Elec- 
tronics, 330 W. 42nd St., New York 18, N. Y. 

FOR SALE 

COMPLETE FILE of Proceedings IRE, un- 
bound, from Jan. '32 to Dec. '46 incl. Best 

offer received by April 15 gets it. FS -310, 
Electronics, 520 N. Michigan Ave., Chicago 
11, III. 

"Opportunity" Advertising: 
Think 

"SEARCHLIGHT" 
First 

284 

ENGINEERS 
COMMUNICATIONS-MECHANICAL- 

SALES 

CHIEF MECHANICAL ENGINEER 
Thorough knowledge of small metal 

parts design, preferably on radio corn- 
ponents. To be in charge of all me- 
chanical designs. Splendid opportunity 
for permanent position for an aggres- 
sive and responsible engineer. 

COMMUNICATIONS ENGINEER 
Well versed in mathematics and all 

phases of R. F. circuits for development 
projects. Experienced in V.H.F. and 
microwave technique desirable. Appli- 
cants must possess initiative and be 
able to think analytically. 

SALES ENGINEER 
For factory sales office must be f a- 

miliar with broadcast transmitter and 
industrial electronic circuits and com- 
ponents. B.S. degree and "ham" license 
not mandatory but desirable. Little 
traveling. Interesting and various work 
in clean factory. 

P-303, Electronics 
520 N. Michigan Ave., Chicago 11, Ill. 

Opportunities for Broadcast 
Equipment Sales Engineers 

Alert, progressive designer and manufac- 
turer of high quality AM and FM broad- 
cast transmitters, speech equipment and 
accessories has immediate openings for 
two experienced sales engineers, prefer- 
ably at present centrally located in the 
following territories: (1) Michigan, In- 
diana, Ohio and Kentucky. (2) Montana, 
Wyoming, Colorado, North and South Da- 
kota, Nebraska and Kansas. Must be 
broadcast engineers with at least five 
years of successful selling experience in 
this field. Competitive salaries. Write 
fully. 

COLLINS RADIO COMPANY 
Cedar Rapids, Iowa 

NATIONAL DISTRIBUTION 

AVAILABLE 

For Manufacturers who make prod- 
ucts suitable for sale to Radio, Elec- 
trical, Electronic Jobbers and Indus- 
trials. We have a complete sales 
staff for national and export distri- 
bution. Reply with samples or de- 
scription of product. 

RA -228, Electronics 
330 West 42nd St., New York 18, N. Y. 

REPRESENTATIVES WANTED 
Sixteen year old manufacturer of electrical 
and electronic test equipment has several 
industrial territories open. Attractive 
proposition to men covering industry. 

11W-299, Electronics 
330 West 42nd St., New York 18. N. Y. 

ASSOCIATE WANTED 
by a well-known, old established and 

progressive electronic parts manufac- 

turer with national distribution. Must 

be able to take over complete charge 

of Sales. Financial participation con- 

sidered. Location-Los Angeles area. 

B0-302, Electronics 

621 S. Hope St., Los Angeles 14, Calif. 

SLIDE RULE SHORT CUTS 
Positive Location of the Decimal Point 
EASIER AC and DC calculations QUICKER 
NO OTHER SLIDE RULE TEXT LIKE IT! 
6 x 9 Inches; decorative cover; 12 pt. type. 

Second Edition-$1.50 postpaid 
W. P. MILLER 

536 "F" Street, San Diego 1, California 

,,,,,,,,,,,,,,,,,,,,11111111111111111101.1111111 llllllllllll 11110111111.111111411111 llllllll 1 11 

Don't forget 

the 
BOX 

NUMBER 
. . . when answering the 
classified advertisements in this 
magazine. It's our only means 
of identifying the advertise- 
ment you are answering. 

Additional Position Vacant ads on page 285-wanted ads on page 288 
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PROFESSIONAL 
Consulting 

Radio, 

- Patents 

Audio, 

- Design 

Industrial 

- Development 

in 

Electronic 

SERVICES 

Applications 

- Measurements 

H. RUSSELL BROWNELL 
Consulting Engineer 

Specializing in Measurements & Testing 
Instruments & Techniques - Electrical - Elec- 

tronic - Magnetic. 
188 West 4th St. New York 14, N. Y. 

Chelsea 2-4208 

EDWARD J. CONTENT 
Acoustical Consultant 

and 
Audio Systems Engineering, FM, Standard Broad- cast and Television Studio Design. 
Roabury Road Stamford 3-7459 

Stamford, Conn. 

DONALDSON ELECTRONICS 
LABORATORY 

Reeearcb and Development 
Shoran Radio Survey Consultant 

Custeta Built 'Swarms - Trick Circuits Microsecond Sweeps - Microwave Systems 
Industrial Applications 

P.O. Box 1486 San Antonio, Texas 

STANLEY D. EILENBERGER 
Consulting Engineer 

INDUSTRIAL RT.FCTRONICS 
Design-Development-Models 

Complete Laboratory and Shop Facilities 
6309 -13 -27th Ave. 

Kenosha, Wis. Telephone 2-4213 

ELECTRONEERS 
Electronic Consultants 

Industrial - Communications - Medical 
Write or phone for preliminary survey without 

charge. 
489 Fifth Ave. New York 17, N. Y. 

MUrray H111 2-2492 

ELM LABORATORIES 
ELECTRONIC -MECHANICAL 

RESEARCH & DESIGN 
Patented ELM Developments include 

PREGRAME Automatic Radio Program Tuner. 
Famous "Gerty" Direction Finder Loop, Sealed Mal Helder. Home Receiver Designs. 
20 South Broadway Dobbs Ferry, New York 

Phone Dobbs Ferry 4058 

PAUL E. GERST & CO. 
CONSULTING ENGINEER 

Specialists in 
Electrical Product Design 

El. Machinery, Apparatus & Application 
EL Appliances, Hi -Frequencies Apparatus 

Electronics, Radio Communications 
205 W. Wacker Dr. Chicago 6, Ill. 

C. M. HATHAWAY 
Consulting Engineer 

Research and Development 
Product Designs 

Tool & Methods, Engineering 
Pilot Manufacturing 

1315 S. Clarkson St., Denver 10, Colorado 

INDUSTRIAL DEVELOPMENT 
ENGINEERING ASSOCIATES 

Engineering Consultants 
Electronic Control, Motion Picture & 

Sound Equipment 
Development--Design-Models 

41.25 E. 10th St. Indianapolis 1, Ind. 

ALBERT PREISMAN 
Consulting Engineer 

Television, pulse Techniques, Video 
Amplifiers, Phasing Networks, 

Industrial Applications 
Affiliated with 

MANAGEMENT -TRAINING ASSOCIATES 
3308 -14th St., N.W. Washington 10, D. C. 

JOSEPH RAZEK, Ph.D. 
Consulting Physicist 

Electric and Mechanical Engineering Problems 
Instruments and Control Devices Electronics 
Specialists in Colormetry, SpectroDhetometry and 

Industrial Color Control 
Laboratory and Shop Facilities 

202 Darby Road Lianeroh, Pa. 
Phone Hilltop 6910 

ARTHUR J. SANTAL 

Consulting Engineer 

Loudspeakers and Allied Devices 

168-14 32 Ave. Flushing, N. Y. 

RAYMOND M. WILMOTTE INC. 
A Complete Engineering Service 

for the 
Application of Electronics to Industry 

Consultation Design Construction 
236 West 55 Street 1713 Kalorama Road N. W. 
New York 19, N. Y. Washington, 5, D. C. 

YARDENY ENGINEERING CO. 
Remote Controls (Wires and Wireless) 

Automatic Devices 
Electronic Electrical Mechanical 

Consultation Designing Manufacturing 
Licensing 

105 Chambers Street New York, N. Y. 
Worth 2-3534, 3535 

PAUL D. ZOTTU 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
High Frequency Dielectric and Induction Heating 
Applications, Equipment Selection, Equipment and 
component Design, Development, Modela. 
272 Centre St. Newton, Mass. 

BIG -9240 

THE 

CONSULTING 

ENGINEER 

93,,) 
reason of special training, wide experience and tested abil- 

ity, coupled with professional integrity, the consulting 

engineer brings to his client detached engineering and economic 

advice that rises above local limitations and encompasses the avail- 

ability of all modern developments in the fields where he practices 

as an expert. His services, which do not replace but supplement 

and broaden those of regularly employed personnel, are justified 

on the ground that he saves his client more than he costs him." 
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TWO MODELS 
OF THE 

COAXIAL LOAD RESISTOR 

Vas MODEL 69 

1 KW RATING 
(with auxiliary cooling) 

300 WATTS 
(without cooling) 

aot% o#eit 
A CONSTANT RESISTANCE 

OF 51.5 OHMS 
AT FREQUENCIES FROM DC 

TO OVER 1000 MC 

MODEL 81 

4}- 

75 WATTS RATING 
(with auxiliary cooling) 

50 WATTS 
(without cooling) 

BIRD ELECTRONIC CORPORATION 
1800 EAST 38th STREET 

CLEVELAND 14, OHIO 

BIRD ELECTRONIC 
Instrumentation for Coaxial Transmission 

Backtalk 
This department is oper- 
ated as an open forum 
where our readers may 
discuss problems of the 
electronics industry or 
comment upon articles 
which ELECTRONICS 
has published. 

More on Hearing 
GENTLEMEN : 

It has pleased us a great deal 
that our article titled "Auditory 
Perception" in the July 1946 issue 
of ELECTRONICS aroused so much 
interest and response. With the ex- 
ception of the opening paragraph 
in Mr. Lamport's letter (p 264, Jan- 
uary 1947), which in view of later 
temporizing appears overstated, 
we found his critical comments in- 
teresting. The subject is controver- 
sial and will always remain so to 
the extent that it is related to the 
enjoyment of music, hence to the 
widely varying concepts, educa- 
tional backgrounds and opinions 
that enter into any evaluation of 
what is desirable in any form of 
artistic expression. 

Mr. Lamport says that we "do 
not really accept the human ear as 
the basic perceptor of sound-but 
rather regard it as an imperfect in- 
strument for which the good radio 
engineer should compensate." This 
is not entirely accurate. The effect 
known as "scale distortion" occurs 
when the reproduction is not at the 
same intensity as the original 
sound. 

Distortion may be defined as any 
change between the original signal 
and the reproduction. It is our con- 
cept that the final subjective expe- 
rience of the listener is the criter- 
ion of correct design. It is the brain 
that must be satisfied, not the ear. 

Mr. Lamport describes a condi- 
tion which he believes would result 
in perfect reproduction, "provided 
the volume was adjusted to the 
same intensity. If he turns the vol- 
ume lower, he will hear a different 
rendition." Obviously there is com- 
plete agreement on the phenomena 
under consideration. The difference 
is that we believe compensation for 
the effect is desirable. Mr. Lamport 
does not agree. He admits that we 

may be right but says it is his 
opinion that we are wrong, and in- 
dicates that the burden of proof is 
on us. 

We would like to make it clear 
that we have no axe to grind in this 
connection. We have devoted a 
good portion of twenty years to the 
study of problems related to music 
reproduction. We have conducted 
listening tests with thousands of 
observers. The principles on which 
our basic suggestion is developed 
do not represent an innovation, but 
merely a method of accomplishing 
a well known effect automatically. 
It is our experience that most com- 
petent and critical observers pre- 
fer a slightly rising bass and treble 
characteristic for music reproduc- 
tion at low intensity levels. If as a 
result of extensive personal listen- 
ing under controlled conditions Mr. 
Lamport doesn't like this, we have 
no quarrel with his individual taste. 

At the end of his letter he says, 
"the better the receiver, the louder 
it can be played with enjoyment 
until, I expect, the same intensity 
as the original sound will be the cus- 
tomary one and the problem con- 
sidered by Goodell and Michel will 
have disappeared." The first half 
of this statement is entirely correct. 
We submit that anyone who oper- 
ates equipment so as to produce 
sound intensity comparable to a 
symphony orchestra in his living 
room is probably either deaf or try- 
ing to break a lease... . 

... we believe no listening tests 
comparing two reproducing instru- 
ments have any validity in deter- 
mining the desirability of faithful 
reproduction. The comparison must 
be made between reproduced and 
live music ... The task of the engi- 
neer designing reproducing devices 
should be confined to reproducing 
for the listener the same subjective 
experience that he has when observ- 
ing the original signal. 

JOHN D. GOODELL 
Chief Engineer 
47íe Minnesota Electronics Corp. 
St. Paul, Minnesota 

CONSTRUCTION permits have been 
granted to Winfield Morton by the 
FCC for temporary provisional f -m 
radiotelephone links between Santa 
Fe and Abiquiu, New Mexico, using 
250 watts on 39.54 mc. Abiquiu is 
in an isolated ranch area with 700 
population, without telephone con- 
tact. 
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FINE RIBBONS 
OF 

TUNGSTEN and MOLYBDENUM 
Quality and accuracy in our fabrica- 
tion of Tungsten & Molybdenum Rib- 
bons have characterized our service 
to the Electronic industry. 

A development of 

CROSS Co. 
15 S Beekman St.. New York 7, N.Y. 

Solve Wire 
Stripping 

Problems with 

"SPEEDEX" 
WIRE STRIPPER KIT 

The famous rrSpeedex" Wire Stripper complete 
with 7 Interchangeable blades tor stripping any 
size wire from No. 8 to No. 30 will be the handiest 
tool in the shop. Strips 800 to 1000 wires per 
hour-cuts wires too. Just press the handle and 
the job is done. For use with solid or stranded 
wires. 

WRITE DEPT. E FOR FULL PARTICULARS 

GENERAL CEMENT MFG. CO. 
ROCKFORD, ILLINOIS, U. S. A. 

WE manufacture a complete line of equipment 
SPOT WELDERS. electric from te ;,n KVA TRANSFORMERS, special and st a re ta rd types Alm ARC 
INCANDESCENT LÁ111' n anul'acturiug equipment WELDERS 
FLUORESCENT TE RE 11AKINU EQUIPMENT from 100 to 
ELECTRONIC EQUIPMENT, cacunrll pnmu, etc. dn0 Amps WET GLASS SLICING and coiling machines for laboratory use GENERAL GLASS Working machines and burners 
COLLEGE GLASS Worliing unit: for stridents and laboratory 

EISLER ENGINEERING CO 
731 So. 13th St. (near Avon Ave ) Newark. New Jersey 

One 
inexpensive 

modern 
device .. . 

can frequently help speed up 
operation and maintenance 
or production. 

One product advertised in the 
"Contacts" Section may be 
the answer to your problem 
. . . a real money -saver. 

To be informed-and re- 
minded-on modern aids to 
economical operation, main- 
tenance and production, 
check "Contacts" advertising 
regularly . . . every issue. 

RADIOYM BOAI 
LOKS B 

OVER 

125 
TITLES 

IN STOCK 

SAME -DAY SHIPMENT ON 98% OF ALL MAIL ORDERS. 
Books of nearly oil rodio publishers. II you don't know price, 
end deposit and we Il ship C.O.D. 

` "' :TAM" 
EDITORS AND ENGINEERS, Ltd. OR CATALOG , 

1303 Kenwood Road Santa Barbara, California 

High Spoed Produotion Of Quality 
R. F. Coila and Sub -Assemblies, 414> For Discriminating Manufacturers 

C'lsppard LABORATORY,INC. 
1125 Bank Street, Cincinnati 14, Ohio 

PRINTED TAPE - For 'Ports- Marking - 
TOPFLIGHT TOOL CO. 

Huber Bldg.. York. Pa. 

dig INDUSTRY 
COMES TO 

SUN RADIO 
FOR ELECTRONIC 

EQUIPMENT 

SUN RADIO 
& ELECTRONICS CO., Inc' 

122.124 DUANE ST. NEW YORK 7, N. Y. lArdoy 7-1140 

UNINTERRUPTED 
Longtime (up to 12 hours) Conference 
£ Telephor.eRecordings onSafety Film 
fn<:del, for Oblation "TALKIES" 

ELECTRON TUBE 
MACHINERY 
OF ALL TYPES 

STANDARD 
AND SPECIAL 
DESIGN 

We specialize in 
Equipment and Methods 
for the Manufacture of 

RADIO TUBES 
CATHODE RAY TUBES 
FLUORESCENT LAMPS 
INCANDESCENT LAMPS 
NEON TUBES 
PHOTO CELLS 
XRAY TUBES 
GLASS PRODUCTS 

Production or Laboratory Basis 

Kahle ENGINEERING CO. 
1309 SEVENTH STREET 

NORTH BERGEN. N. J., U. S. A. 

MICROMETER 
for 

FREQUENCY 
Transmit éñ 

METER from 100 Kc to 175 Mc. 
within 0.01 per cent 

LAMPKIN LABORATORIES 
Bradenton. Fla. U. S. A. 

f I LMGRAPft 
PAT'D 

ConfQ1' Ce Recorders en ECONOMICA[ 
PERMANENT 

ISTANTANEOU. 
PLAY-BACK 

MILES KEPRODUCER CO.,roc. 812 BROADWAT,N.T.3 

MINIATURE 
PRECISION BALL BEARINGS 

ENLARG 
SIR orne 

MINIATURE/irF 

ED 

S IWORLD SMALLEST &ALL FEARING, 

For predsion Instruments, lab- 
oratory equipment, electronic 
devices, to minimize friction, 
space, weight, overcome 
starting torque. 

RAQ1.1 Series 15 Sisal 
1/8" to 5/16^ O. D. 

t Pivot Series 16 Sises) rs 2mm to 10 rom O. D. 

Write for data rhos. EL 

egim, 

ACTUAL 171 
SIZES 

:Iio7IBEARINGS 
KEENE, NEW HAMPSHIRE, US-A 
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JONES 400 SERIES 
PLUGS and SOCKETS 

A medium size 
Plug and Socket 
that fulfills prac- 
tically every re- 
quirement in the 
public address, 
radio and kin- 
dred fields. Sock- 
et contacts are of 
phosphor bronze, 
cadmium plated. 

Plug contacts 
are of hard 
brass, s.lver 
plated. Insula- 
lion is of mold- 
ed Bakelite. All 
Plugs and Sock- 
ets are Polar- 

ized. Made in 2, 4, 6, 8, 10 and 12 contacts. 
Caps are of steel with baked black crackle 
enamel. A quality item at popular prices. 
Send today for catalog No. 14 listing com- 
plete line of Jones Electrical Connecting De. 
vices-Plugs, Sockets and Terminal Strips. 

\\\NIN : bsesNeNee Ne\\ee\ 
S. A. BARONE 

7 ARTHUR J. ODGERS 
RAY H. dePASQUALE 

Cordially Invite You 

7 
to visit the 

NORTHERN RADIO CO. 
AND 

S. A. BARONE CO. 

BOOTH 408 

Z I. R. E. RADIO 
ENGINEERING SHOW 

Grand Central Palace, Mar. 3-6 

/ / TRANSMITTERS 

DIVERSITY 
RECEPTION 

FREQUENCY 
SHIFT 

P -406 -CCT 

HOWARD B. JOf1ES DIVISIOTI 
CInCH M -f3. CORP. 

2460 W. GEORGE ST. CHICAGO 18 

NEW BOOKS (continued) 

frequency generators are becoming 
equally as important to civil and 
mechanical engineers as to electri- 
cal engineers. The book is interest- 
ingly illustrated and many of the 
exercises are so arranged that in- 
structors can substitute values of 
their own to increase the variety of 
numerical examples available. 

Industrial electronic topics cov- 
ered include induction heating, elec- 
trostatic precipitation equipment, 
rectifiers for electrochemical proc- 
enses, electronic motor control, 
fluorescent lighting, industrial 
measurements and automatic con- 
trol, electronic timers, and photo- 
electric controls. The final chapter 
deals with electrical communica- 
tion. This book is part of the Pren- 
tice -Hall Electrical Engineering 
Series, of which W. L. Everitt is 
editor.-J.M. 

Plastics Handbook for 
Product Engineers 
By JOHN SASSO, former Managing Ed- 
itor of Product Engineering. McGraw- 
Hill Book Co., Inc., New York, 1946, 
468 pages, $6.00. 
PHYSICAL and chemical properties 
of plastics and synthetic rubber are 
presented in concise form for the 
product engineer and other users 
of plastics. Electrical insulation, 
dielectric stress, flow tempera- 
ture, and other characteristics of 
importance to electronic engineers 
are included. Factors governing 
failure of plastic products as insu- 
lators in electronic equipment re- 
ceive detailed attention. The use 
of electrostatic heating as a method 
of working plastics is presented in 
the chapter on recent developments 
and techniques.-F.R. 

The Decibel Notation 
By V. V. L. RAO. Chemical Publishing 
Co., Inc., New York, 1946, 179 pages, 
$3.75. 
THE CONTENT of this printing is 
the same as that published else- 
where (ELECTRONICS, p 406 Dec 
1945). The treatment includes not 
only elaborate discussions of the 
decibel, neper, and phon, but also 
developments of transmission char- 
acteristics in- acoustic and electric 
systems, manipulations of loga- 
rithms, and characteristics of sound 
transducers. Much space is de- 
voted - to obsolete terms and 
values.-F.R. 

Explaining the 
performance of 
ELECTRON TUBES 

in fundamental combinations 

Pointing the way 
fo the design, 
analysis and 
maintenance 

of electronic 
circuits 

This book provides 
both engineers and 
practical plant men 
with a clear under- 
standing of the 
perforutanceof elec- 
tronic tubes in 
fundamental combi- 
nations with other 
circuit elements. It 
demonstrates the basic principles applying to circuits 
containing vacuum tubes, reducing such circuits to 
a combination of more familiar circuit elements. 
The material covers a broad range, from funda- 
mentals of direct current, to auxiliary circuits and 
equipment for cathode-ray oscilloscopes. Included 
are such recent combinations as resistance capaci- 
tance tuned oscillators, phase -shift oscillators, and 
circuits for photoelectric tubes. 

Just 
published! 

Fundamentals of 

INDUSTRIAL 

ELECTRONIC 

CIRCUITS 
By WA1.THER RICHTER 

Consulting Electrical Engineer, Allis-Chalmers 
Manufacturing Company 

569 pages, 6x9, 391 figures. $4.50 

Isere is an essentially practical and highly useful 
presentation of electronic c_ireuits, bridging the gap 
between the popular, and the rigorous, highly 
mathematical, treatments. The treatment ie com- 
plete. It provides enough information to enable you 
to analyze and design such circuits, yet keeps mathe- 
matical requirements to a minimum. Stressing 
fundamental principles, the book covers the elements 
of electronic circuits in clea rent detail, emphasizing 
as well the similarity between these and other elec- 
tric circuits, so that the reader may tie up this new 
subject With what he already knows. 
Here are a few of the topics covered in 
the 27 chapters in this book: 
Nonlinear Conductors 
Fundamentals of Rectifier 

Circuits 
Multigrid Tubes 
Multistage Amplifiers 
Cathode Followers 
Vacuum Tube ac Voltmeters 
Beat -frequency Oscillators 

Multivabrators and Trigger 
Circuits 

Gaseous Tubes 
Photoelectric Tubes 
Optical Systems, Light 

Sources and Filters for 
Photoelectric Tubes 

Cathode-ray Tubes 

See it 10 Days FREE-Mail Coupon 

McGRAW-HILL 8001( CO., 
330 W. 42 St., N.Y.C. 18 

Send me Richter's Fundamentals of Industrial 
Electronic Circuits for 10 days' examination on 
approval. In 10 days I will send $4.50. plus few 
cents postage, or return book postpaid. (Postage 
paid on cash orders.) 

Name 

Address 

City and State 

Company 

Position L-3-47 
(For Canadian price, write: Embassy Book Co., 

12 Richmond Street E., Toronto, 1.) 
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HALLOWELL 

"SOCKET SCREW" HIT 
with interchangeable bits 

Foc men who like to have a 
complete supply of tools, yet 
dislike bulk and confusion, the 
Hallowell "Socket Screw" Kits 
are the answer. Their hollow, 
durable plastic handles hold in- 
terchangeable steel bits for most 
all purposes ... Phillips, Hex 
and Flat. They each have a 
swivel bit -chuck, which locks 
securely in five positions. 

The "Socket Screw" Kit 
comes in 2 sizes: small #25 Kit; 
and the large #50 Kit. 

Other Hallowell Kits:"Socket 
Wrench"; "Auto"; "Home". 

Obtainable at Dealers 
throughout the country. If none 
near you, or he is sold out, send 
his name to us, along with 
yours, and you will be taken 
care of promptly. 
Kits: Patents Pending 

An ideal gift or prize 

Over 44 Tsars la tombless 

STANDARD PRESSED STEEL CO. 

JENKINTOWN, PENNA., BOX 596 

Boston Chicago Detroit Indianapolis 

St. Louis San Francisco 

NEW BOOKS 
Industrial Carbon 
By C. L. MANTELL. D. Van Nostrand 
Co., Inc., New York, N. Y., 1946, Sec- 
ond Edition, 472 pages, $7.50. 

IN ACHIEVING thorough coverage of 
applications of carbon aside from 
its use as fuel, this book devotes 
one 12 -page chapter to the subject 
of electronic tube anodes. This 
chapter, prepared by H. W. Abbott, 
Director of Laboratories for Speer 
Carbon Co., presents a comparison 
of the characteristics of graphite, 
molybdenum and tantalum, the 
three materials most used as 
anodes of power tubes, then covers 
in detail the characteristics and 
manufacturing techniques em- 
ployed in making carbon anodes 
for tubes.-J.M. 

Radio Operating 
Questions and Answers 
By ARTHUR R. NILSON AND J. L. 
HORNUNG. McGraw-Hill Book Co., 
Inc., New York, 1946, Eighth Edition, 
434 pages, $3.50. 

THE LATEST edition of this stand- 
ard technical radio review book con- 
tains some revisions to compensate 
for slight changes in FCC license 
examinations during the past four 
years, along with some new ques- 
tions. All answers to questions are 
in essay form to facilitate the study 
required for answering multiple- 
choice examinations now in use. 
The one outstanding new feature 
is the adoption of ASA symbols for 
circuit diagrams. All diagrams have 
been revised to conform to the new 
standards and an appendix pre- 
sents a complete compilation of 
these symbols.-J.M. 

Electrical Engineering 
By FRED H. PUMPHREY. Prentice -Hall, 
Inc., New York, N. Y., 1946, 369 pages, 
$5.35. 

THIS BOOK, intended as a text in 
electrical engineering for students 
specializing in other fields, handles 
the problem of holding interest by 
restricting early chapters to essen- 
tial theory and by devoting almost 
half the number of pages to elec- 
tronic topics and applications. The 
author points out in the foreword 
that amplifiers as applied to gages 
and oscillators as applied to high - 

with 

COLONIAL'S 
ELECTRONIC 

PHOTO -FLASH TUBE 
Model FF -1 

Manufacturers or users of elec- 
tronic photo -flash equipment seek- 
ing the best tube for initial instal- 
lation or replacement, should in- 
vestigate Colonial's new Xenon - 
filled FF -1 tube which produces a 
flash of daylight quality-and per- 
mits the use of daylight color film 
at all times. 

Designed to deliver highest lumen 
output for each watt -second of en- 
ergy consumed, the FF -1 - used 
with a 30 MFD condenser charged 
to 2500 volts-has a light output 
greater than the "Press -40" at a 
shutter speed of 1/400th. Its gas - 
discharge flash reaches a value of 
approximately 20 million peak 
lumens in a total time of 300 micro 
seconds-and the tube has a life 
in excess of 20,000 flashes. 

Because, an electronic photo- 
flash unit is an expensive piece of 
precision equipment-be sure you 
get all of its designed performance 
by installing a Colonial FF -1 tube. 

PRODUCTS COMPANY 
1500 -48th Street North Bergen, N J. 
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INCREASE 
CRYSTAL USES 

through COLONIAL'S 
Low -Priced 

Type CR -7 
CRYSTAL HOLDERS 

In manufacturing millions of 
crystal holders during the war, 
Colonial developed methods which 
enable them to mass-produce Type 
CR -7 ceramic base crystal holders 
at an unbelievably low cost. 

To you as a crystal or radio 
manufacturer, this low holder cost 
means that you can market a lower 
priced crystal - or that you can 
apply crystal control to many addi- 
tional electronic applications in 
which high cost has prohibited 
widest possible crystal use. 

Check the specifications of these 
Type CR -7 crystal holders, then 
write for a quotation on whatever 
quantity will fill your needs. 

Colonial Type CR -7 
Ceramic Base Crystal Holders 

Specifications: 
Base dimensions-S/16" x 1/4" 
Cover Height -1/4" or 3/4" 
Leads-tinned copper wires 13/4" long 
Mounting springs-any height 
Sealing-mechanical-adequate pro- 

tection for all average conditions 

COLONIAL ELECTRIC PRODUCTS 
also manufactures: 

Nary Type CR -7 hermetically -sealed 
crystal holders 

Army Type HC -6 hermetically -sealed 
crystal holders 

Adapters for converting present 
equipment to use of Type CR -7 
crystals 

Cold Cathode Fluorescent Lamps 
"2537" Ultra Violet Lamps 
High Intensity Photo Flash Tubes 

PRODUCTS COMPANY 
1500 -48th Street North Bergen, N. J. 

NEWS OF THE INDUSTRY (continued) 

Naval Electronics Laboratory at 
Point Loma, California. He served 
as deputy technical director of the 
atomic bomb tests at Bikini, and 
during the war studied enemy elec- 
tronics activity in France and Ger- 
many. 

VANNEVAR BUSH, president of Car- 
negie Institution of Washington 
and wartime director of OSRD, has 
been named the 1946 winner of the 
Hoover Medal, jointly awarded by 
AIEE, ASCE, AIMME, and ASME. 
The citation reads, "Engineer, ed- 
ucator, and administrator, who, in 
critical time of need, was in a most 
special sense an organizer, guiding 
spirit, and driving force of the na- 
tion's achievements in physical and 
medical science; to whom, for out- 
standing public service, is awarded 
the Hoover Medal for 1946." 

KENNETH A. NORTON becomes chief 
of the recently established Fre- 
quency Utilization Research Sec- 
tion of the Central Radio Propaga- 
tion Laboratory at the National 
Bureau of Standards. This section 
will investigate the utility, for 
specific applications, of various por- 
tions of the crowded radio spec- 
trum. Currently the section is 
studying comparative accuracy of 
various existing and proposed radio 
navigation systems for aircraft and 
ships. 

K. A. Norton G. C. Kuczynski 

GEORGE C. KUCZYNSKI has been ap- 
pointed to the research staff of the 
Sylvania Electric Metallurgical 
Laboratory, Bayside, N. Y., where 
he will do basic research work on 
electron theory of metals. He re- 
ceived the 1945-46 Baldwin -South- 
wark Fellowship Award for funda- 
mental work on strain gage wires. 

FRANK H. BARNETT is now man- 
ager of manufacturing for the 
Home Radio Division of Westing- 
house Electric Corp., Sunbury, Pa. 

WHAT IS THE 

FREQUENCY OF YOUR: 

allAg 

SUPREME Model 576 
Oscillator. 

SUPREME Oscillators cannot 
measure the wave length of 
your dollars, but they can in- 
crease the frequency by 
which they find themselves 
stopping in your cash register. 

SUPREME Model 561 A.F. 
and R. F. Oscillator. 

See these and other SU- 
PREME Testers at your Au- 
thorized SUPREME Distribu- 
tor. 

OR, write 
for new catalogue 

No. 446 for 
complete details and 

descriptions. 

SUPREME INSTRUMENTS CORP. 

GREENWOOD, MISS., U.S.A. 
o 

EXPORT DEPT: 

The American Steel Export Co., Inc., 
374 Madison Ave., New York I1, N. Y. 

278 March, 1997 - ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


For Continuous Spectrum Analysis... 

Favored alike by development engi- 
neers, universities and manufacturers, 
Panalyzor instantly shows the fre- 
quency, amplitude and stability char- 
acteristics of one or several voltages 
simultaneously in a band. 
Ten standard models with maximum 
scanning widths of 50KC to 20MC allow 
limitless application wherever measure- 
ment and control of frequency or of 
any dimension, convertible to fre- 
quency, is essential. 
Write for additional details or see us at 
the IRE Winter Show, Booth 322. 

PANORAMIC 
-.ariq wr-o. 

R010 CORPORATION 

242.250 WEST 55" ST../Í4i/.9.-y/ 
Esclusiva Canadian Rap Wive: Canadian Marconi, Ltd. 

BOOKS 

ENGINEER 
UNDERSTANDING 

MICROWAVES 
(Chapter Heads) 

The Ultra High Frequency Concept 
Stationery Charge and its Field Mag- 
netostatics . Alternating Current and 
Lumped Constants Transmission Lines 
Poynting's Vector and Maxwell's 
Equations . Waveguides . Resonant 
Cavities Antennas Microwave 
Oscillators Radar and Communica- 
tion Section Two is devoted to de- 
scriptions of Microwave Terms, Ideas 
and Theorems. Index. 

400 PAGES PRICE $6.00 

A -C CALCULATION 

CHARTS 
Student engineers will find this book 
invaluable. Simplifies and speeds 
work. Covers all AC calculations 
from IO cycles to 1000 megacycles, 

160 PAGES PRICE $7,50 

JOHN F. RIDER, Publisher, Inc. 
404 FOURTH AVENUE. NEW YORK 1K. N Y. 
EXPORT DIV ROCKS INTERNATIONAL ILSE CORP 
IT E 40TH STREET. MEW YORK CITY CARLE ARIAR 

in instruments, test sets, and similar 

applications, use Electrox copper oxide 

Made of highest quality materials; each 

unit individually inspected, tested, 

and guaranteed right - at no higher 

price than you would pay for ordi- 

nary rectifiers. For full information - 
Write for Cir. 1461 

Electrox Division 

THE SCHAUER MACHINE 
2, 

CO.O. 

2119 Reading 
Road 

WESTFIELD METAL PRODUCTS CO.' 
WESTFIELD, MASS. 

WE SPECIALIZE in 
meeting the most 

exacting needs of lead- 
ing manufacturers. Spe- 
cially designed for the 
job, Westfield nuts are 
more dependable than 
standard types, and fre- 
quently are more eco- 
nomical. Write or wire. 
Our engineers will be 
glad to consult with you 
on suitable types for 
every application. 

Custom 
Made Nuts in 
Brass, Steel and 
Various Alloys 

6704 D etcga P e..44o4mance 
electronic 
Rectifiers. 

*Trade Mark Reg. U.S. Pat. Off. 

ELECTROX 

RECTIFIERS 
..v........, ...................... `4 \ i;ti: . "s:,e. 

SMALL PARTS 
Filaments, anodes, supports, springs, 
etc. for electronic tubes. Small wire and 
flat metal formed parts to your prints 
for your assemblies. Double pointed pins. 
Wire straightened and cut diameter up to 
1/2 -inch. Any length up to 12 feet. 

LUXON fishing tackle accessories. 

Inquiries will receive prompt attention. 

ART WIRE AND 
STAMPING CO. 

227 High St. Newark 2, N. J. 
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Ip SEARCHLIGHT SECTION 

ELECTRICAL AND MECHANICAL 

ENGINEERING POSITIONS 
OPEN 

FOR ELECTRICAL AND MECHANICAL ENGINEERS EXPERI- 
ENCED IN DESIGN OF HOME, TELEVISION AND AUTO RADIO 
RECEIVERS. 

COLLEGE EDUCATION DESIRABLE BUT NOT NECESSARY IF SUFFI- 
CIENTLY EXPERIENCED. MINIMUM EXPERIENCE OF THREE YEARS 
REQUIRED IN ANY CASE. NONE OTHERS NEED APPLY. 

Write Details of Education, Experience and Salary Required 

QUALIFIED INDIVIDUALS WILL BE GRANTED APPOINTMENTS FOR 
INTERVIEWS IN BUFFALO AT OUR EXPENSE 

COLONIAL RADIO CORPORATION 
ENGINEERING DIVISION 

1280 MAIN ST. BUFFALO 9, N. Y. 

AUTOMATIC CONTROL ENGINEER 

Need graduate engineer with experience 
in automatic controls such as servo- 
mechanisms for experimental work cov- 
ering automatic, hydraulic, and elec- 
trical controls and instrumentation used 
in process industries. Must have cre- 
ative mind and ability to assimilate and 
follow thru to completion any new 
assignments. 

P-301, Electronics 
520 North Michigan Ave., Chicago 11, Ill. 

RADIO ENGINEER 
Experienced in designing AM and FM 
high fidelity receivers. Unique oppor- 
tunity for capable man. 

P-304, Electronics 
520 North Michigan Ave., Chicago 11, III. 

ELECTRONICS ENGINEER 
Opening for Electronics Engineer ex- 
perienced in the application and design 
of high frequency heating (dielectric). 

Vicinity of Boston, Mass. 
Salary commensurate with experience 

Replies will be held in confidence 

Write 

P-306, Electronics 
330 W. 42 St., New York 18, N. Y. 

111111111111.1 erevey.eurnemee 

lllllll13,.18-. ,M,.....,,m,.,.. 8888 -...,......,..,_..,...,.....,«. 
ATTENTION ENGINEERS 

Experienced engineers with Bachelor's, Master's, or Doctor's 
degrees in Electrical Engineering, Communications, Radio, 
Physics, Mathematics. At least two years experience in design 
and development of radar and television systems, electronics 
navigational systems, automatic computors, servomechanisms, 
etc., required. Specialists in High Frequency transmitters, re- 
ceivers, antennas, aircraft electronic components particularly 
desired. Starting salary commensurate with experience. Excep- 
tional opportunity for the right men. Write 

McDONNELL AIRCRAFT CORPORATION 
Lambert-St. Louis Municipal Airport, Box 516, St. Louis (21) Missouri 

MATURE MOTOR 
DEVELOPMENT ENGINEER 

Our medium-sized Company has an 
opening for a thoroughly experienced 
Design Engineer on sub -fractional A.C. 
motors. It is essential that this man 
have a minimum of 5 to 8 years ex- 
perience directly in this field with well 
known large quantity producers and 
that he be able to handle both the 
mechanical and electrical development 
of sub-fractionals. 

We are an established manufacturer 
in the small motor field and are inter- 
ested only in a capable and experi- 
enced engineer. 'If you have the proper 
background, write us in confidence. 

The arrangements will be attractive 
for the man who can meet our require- 
ments. 

P-300, Electronics 
330 West 42 St., New York 18, N. Y. 

DU 

AERODYNAMICISTS 
MECHANICAL ENGINEERS 
ELECTRONICS ENGINEERS 

PHYSICIST -MATHEMATICIAN 
ADMINISTRATIVE ENGINEER 

Competent to assume additional responsi- 
bility in an expanding engineering or- 
ganization as staff and project engineers 
on new, diversified, challenging work in 
the development of complex aviation de- 
vices. Only those applicants possessing 
initiative and the ability to think ana- 
lytically are desired. 
Plant is located approximately 200 miles 
west of New York City in south-central 
portion of New York State. 40 hour work 
week permits leisure to enjoy area's many 
outdoor activities and scenic advantages. 
Wages paid are equal to, or above, local- 
ity average. 

For further details write fo: 

Personnel Manager, 

LINK AVIATION, INC. 
BINGHAMTON, NEW YORK 
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WAVE GUIDE PARTS 
MAGNETRONS!! 
2.132 is designed for 10 
rot. operation. Rated at 
300 kw peak pulse power. 
Complete information sup- 
plied. Brand new. The 
2332 is listed at $200. 
OUR PRICE $25.00. 
3J311/2 just received. One 
cm. magnetron listed at 
$95.00. 
OUR PRICE S20.00 
Magnets for mag- 
netrons $12.00 
KLYSTI1 ON oscilator 

tubes 2K25/723ab designed for 3 cm. operation. New 
With complete data. Listed at $3s.00 $ 7.75 
Duplexer using 1B24 $10.00 
30 me oscillator -amplifier with 2 6AC7's. Uses 

7238b, Waveguide input, xtal detector. 
With 6AC7's 10.00 
With 6AC7's, 723ab and in 21 16.50 

Thermistor Beads (D-170396), for use with 
UHF and Micro -Wave Equipment (List 
$3.001. In separate sealed containers .95 

10 cm. Wa,'guid.' In' long. 1'er font 3.00 

3 CM WAVE GUIDE SECTIONS 
Silver Plated Directional Couplers oith a 20 

DB drop with: 
A. With 90° bend. 15" long 5 4.00 
B. 15° bend in wave guide 15" 4.40 
C. 30° bend in wave guide 10" long 3.95 
D. 90° bend in wave guide 11" Tong also P1° 

bend in coupler 5.00 
SECTIONS 

E. 21 foot silver plated with 1011° bend 12" 
radius, 5.50 

F. 150' bend with 90° twist "" ,'adi us ++ itlt 
pressurizing nipple and coax eoupb'r 3.95 

G. 21 foot 3 cm wave guides choke to co,er 
fitting 4.95 

II. 5 foot 3 cm wave guide section per foot 1.95 
J. Slotted dipole antenna 3 ens 4.00 

RELAYS 
SPST 5a, ac; 115v cont. 115v/60 cps $1.49 
SPDT contacts; 5a coil rated 115v/60c $1.39 
DPST Telephone type: 2D. 1 cl; 1 open; cont, rat- 
ing, 5a @ 50v, coil rating 3.5 ma (M 12 Kohms) 
1000 vac $1.05 
DPDT Leach relay, steatite insulated, with l0A 
silver contact. Operates on 110 AC $1.95 
SPDT Struthers -Dunn sensitive keying relay, 5 
ma -de Coil. 110v/60 cycles -2 amp contacts $1.49 
SPST Latching relay made by Kurman. Close coil 
115v/60c; DCR 1500 ohms. Open coil 115vdc 10 
ma.: DCR 5000 ohms $2.95 

HI -VOLTAGE POWER SUPPLY 

POWER 
UNIT 

RA -58A 
$116 

F. '; ,- 
Ideal for breakdown insulation testing, or as a 
source of power for a pulse transmitter. This unit 
supplies continuously variable voltages between 500 
and 15,000 volts, DC at 35 ma. A voltage Doubler 
circuit using two 705a rectifiers and two 1 mf con- 
densers is employed. EMS ripple voltage at maxi- 
mum power is 6%. THIS UNIT OPERATES FROM 
115 v/60c. Variable voltage is obtained by means 
of a Varlac in the primary circuit of the high volt- 
age transformer. Size is 21"x17?¢1/229" deep. Net 
weight 314 lbs. 

OIL FILLED 
12'.11., and 

I mf 300 vdc... .25 
2 mf 300 vdc... .30 
4 mf 300 vdc... .35 
4 m1 400 vdc... .55 

5-5 mf 400 vdc... 1.15 
2 mf 550 vdc... .30 

.25 mf 600 vdc... .20 
.85 mf 600 vdc... .30 

I mf 600 vdc... .35 
2 mf 600 vdc... .40 
3 mf 600 vdc pyr .65 
4 mf 600 vdc pyr .70 

CONDENSERS 
other well known brands 

6 mf 600 vdc pyr. .95 
8.8 mf 600 vdc... 1.49 

15 mf 220 ac/600 dc 
1.50 

I mf 1000 vdc... .90 
2 mf 1000 vdc... 1.10 
1 mf 1500 vdc... 1.20 

.4 mf 1500 vdc... .20 
I mf 2000 vdc... 1 10 
2 mf 660 ac/1000 
dc 95 
I mf 2500 vdc... 1 40 

HI-VOLT CONDENSERS 
2 mf 4000 vdc 23F47 $5.75 
G.E. Pyranol 23F49 1 mf-5000v list $27 5.95 
C -D TC -50010 1 mf 5000v (list $30) 4.50 
G.E. 14F191 1 mf 10,000v (list $37) 6.75 

1-1 mf 7000vdc GE pyranol 
2511774 $2.00 

In lots of 50 $1.50 
06 mf 15,000vdc GE pyranol 

26F585-02 $5.95 
75 mi. 20,000vdc GE pyranol 

14E136 $22.00 

All merchandise guaranteed. Mail orders 
promptly filled. All prices F. O. B. New 
York City. Send Money Order or Check. 
Shipping charges sent C. O. D. Send for 
Flyers. 

COMMUNICATIONS 
EQUIPMENT CO. 

131-E Liberty St., New York City 7, N. Y. 
TELEPHONE WH 4-7658 

FIELD MICROPHONE 
FOR SONDE EQUIPMENT 

Condenser Head 
2 -Stage Amp. (Self Con- 
tained) 
Portable 
Rugged Cylindrical Brass 
Case 

FIELD .MICROPHONE T- 
21 -B designed by Sig. Corps. 
Mfgd. by Cardwell. Used to 
determine range & direction 
of artillery fire & blasting by 
triangulation and oscillo - 
graphic recording. 

Ideal for sound pressure 
studies, Geophysical Sonde 
applications, Mine Safety 
Alarm and any applications 
that require auditory observa- 
tions but demand personnel 
"REMOVAL" for safety. Dia- 
gram supplied. Brand newt 
Your cant $23.50 ea. (Less Tubes) 

In Lots of 10 - $19.50 ea. 

PHOTO -FLASH -SCOPE 
POWER UNITS 

A balanced comb. of two hermet. sealed trans- 
formers designed for 115 V 60 cy. input. 
TR -1041 Supplies 6.3 V @ 8 amps, and 2.5 V 

@ 3.5 amps, (hi -insulation) for rect, fils. 
TR -1042 Supplies 2950 V-R.M.S. DC. output 

with .25 mfd input filter, 4000 V @ 2 MA. 
3400 V @ 15 MA. from 2-2x2 rect. 

YOUR COST (MATCHED PAI10-$8.75 
IN LOTS 10 PAIRS $7.75 

OIL -FILLED CONDENSERS 
Famous Makes - In Lots of 10 - 

1 mfd 1500 W.V.D.C. rect. 
1-1-1 mfd 1200 W.V.D.C. rect. 75¢ ea. 
2 mfd 1500 W.V.D.C. round 
2 Mfd. 2000 W.V.D.C. rectangular....91.50 ea. 

All Material Fully Guaranteed 
24 -Hour Service 

20% Deposit with Order. All Prices F.O.B. N. Y. 

KELVIN ELECTRONICS 
74 Corflandt St., New York 7, N. Y. 

119.111. 

I V . Rs 
VOLTMETERS BRIDGES (Wheatstone) \\ 
AMMETERS MEGOHMMETER$ 
MICRO RHEOSTATS 

AMMETERS VARIABLE 
OHMMETERS TRANSFORMERS 
FREQ. METERS RELAYS 

fLEClRO-lECe 
119 Lafayette St., New York 13. N. Y. 

Immediate Delivery 
WAR SURPLUS 

Purchased from U. S. Government 

Suitable for Manufacturers, Whole- 
salers, and Jobbers 

We Have - 
Brackets, Circuit Breakers, Clamps, 
Clips, Contact Connections, Contact Slip 
Rings, Fuses, Insulators, Junction Boxes, 
Lug Soldering, Meters, Power Units and 
Generator Sets, Relays, Resisters, Sock- 
ets, Terminals, Terminal Clips, Toggle 
Bolts, Tubes, and Insulated Wire. 

Send for Our Wholesale Lists 
State Items Interested In 

THE ABELL DISTRIBUTING COMPANY 
Wholesale Department 

5 E. Biddle Street Baltimore, 2, Md. 
Phone: Lexington 3274 

SPECIAL BUY IN 

DELCO DUAL BLOWER 

SPECIAL 
$15.95 

Immediate Delivery 

Blows 200 CFM; 110 Volt AC, 60 Cycles; over- 
all length 10%"; overall width 6%"; each 
blower opening 2" in diameter; intake opening 
2%" in diameter. Unit has DELCO sealed In 
motor requiring no lubrication -built-in mount- 
ing brackets; ideal unit for cooling large tubes 
or exhaust for laboratory use -also perfect for 
Photo Darkroom application. 

We also carry a complete line of electronic 
and communication equipment. Send for latest 
bulletin I B. 

Write or Wire to - 
NIAGARA RADIO SUPPLY CORP. 

160 Greenwich St. New York 6, N. Y. 
BOwling Green 9-7993 

SURPLUS PARTS 
and EQUIPMENT 

55,000 Sq. Ft. of Government -owned elec- 
tronic parts and equipment. All materiel 
inspected and tested; backed by usual 90 -day 
manufacturers' guarantee. 

Sorry, no retail sales; all pur- 
chases against company orders only. 

COMMUNICATION MEASUREMENTS 
LABORATORY 

Central Agent for War Assets Adm. 

DISPLAY ROOM: 350 W. 40TH ST. 

Main Office: 120 Greenwich St., New York 6 

Special Values 

Panel & Portable Meters 
D. C. Microammeters: 

50-100-200-500 microamps. High 
Resistance Voltmeters Vacuum 
Thermo -Couple Meters 31/2" & 
41/2" Round & Rectangular 

Multirange Portables: 
readings from 10 microamps. full scale 

Precision Electrical Instrument Co. 
146 Grand Street New York 13, N. Y. 

BEST QUALITY, USED 
ELECTRON TUBE MACHINERY 

Equipment for the manufacture of all kinds of 
electron tubes, radio tubes, incandescent lamps, 
neon tubes, photo electric cells, X -Ray tubes, eta. 

AMERICAN ELECTRICAL SALES CO., Inc. 
65-67 East 8th St. New York, N. Y. 

If there is 

Anything you want ... 
that other readers of 
this paper can supply 

or - 
Something you don't want 

that other readers can 

use, advertise it in the 

SEARCHLIGHT SECTION 

4 
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SPECIAL 
Now Available - Surplus New 
PORTABLE METERS 

Guaranteed same as 

Weston 433 
PORTABLE A. C. AMMETER 

OUT OF STOCK 

factory new! 

PORTABLE A. C. AMMETER 
ROLLER SMITH MODEL "STEEL SIX" (see illus- tration) 0-5 Amperes, accuracy within 1/2 of 
1%; Hand Calibrated Mirror Scale 5 3/16" long with 100 scale divisions; Knife edge pointer; Moving Iron Vane type completely shielded from external magnetic fields. Dimen- ions 6"x6"x4". ONLY $19.50 

F. O. B., N. Y. 

Weston 461 

PORTABLE CURRENT TRANSFORMER 
WESTON MODEL 461 TYPE 4 (see illustration). 
This unit can be used with any precision 5 Amperes A.C. Meter to extend the ranges of the meter to 50, 100, 200, 250, 500, or 1000 Amperes A.C. Accuracy within 1/4 of 1%; 
Normal Secondary Capacity -15 VA; Bind- 
ing Posts for 50 Ampere tap; Inserted primary 
for 100, 200, 250, 500, and 1000 Amperes; In- sulated for use up to 2500 volts. List Price 
098.00. ONLY $35.00 

F. O. B., N. Y. 

Government Inspected! 

Brand new in manufacturers 
PORTABLE A.C. VOLTMETER 

WESTINGHOUSE TYPE PY-4 (see illustration) 
0-150 Volts, accuracy within 3/4 of 1% from 15 
to 200 cycles; Hand Calibrated Mirror Scale 
3.2' long with 75 Scale divisions; Knife edge 
pointer; magnetically shielded, Dimensions 
412"x41/2"x2". List Price $32.00. 

ONLY $15.50 
F. O. B., N. Y. 

PORTABLE A.C. VOLTMETER 
GENERAL ELECTRIC MODEL AP -9 0-150 Volts, 
accuracy within 3/4 of 1% from 25 to 133 
cycles, Hand Calibrated Mirror Scale 4.1" 
long with 150 Scale divisions. Knife edge 
pointer, magnetically shielded; Dimensions 
2 7/16"x6 9 16"x4 13.16", Plastic Case with 
hinged cover. List Price $41.00 

ONLY $19.75 
F. O. B., N. Y. 

Westinghouse PX-4&PY-4 

PORTABLE A.C. VOLTMETER 
WESTON MODEL 433 (see illustration) 0-600 
volt A.C., accuracy within 3/4 of 1% from 25 
to 125 cycles. Hand Calibrated Mirror Scale 
4.04" long with 150 Scale divisions. Knife 
edge pointer, Moving Iron Vane type, mag- 
netically shielded. Dimensions 5"x6"x3ï2". 
List Price S59.50 

ONLY $27.50 
F. O. B., N. Y. 

PORTABLE D.C. AMMETER 
WESTINGHOUSE TYPE PX-4 (see illustration) 
0-1 Ampere D.C., accuracy within 3/4 of 1%, 31" long mirror scale with 100 scale divis- 
ions; Knife edge pointer; Moving Coil D' 
Arsonval movement; Dimensions 41/2"x41/2"x 
2". List Price $30.00 

ONLY $14.50 
F. O. B., N. Y. 

PORTABLE D.C. VOLTMETER 
WESTINGHOUSE TYPE PX-4 (see illustration) 
DUAL RANGE 0-150 & 0-300 Volts. Accuracy 
within 3/4 of 1%; 31/2" long mirror scale with 
75 scale divisions; Knife edge pointer; 200 
ohms per volt movement. Dimensions 
41/2"x41/2"x2". List Price $40.00 

ONLY $19.50 
F. O. B., N. Y. 

The demand for some of these items may exceed quantifies available: 
able please indicate second choice. 
We carry a complete line of electrical instruments. Send for 

MARITIME SWITCHBOARD 
ELECTRONICS-March, 1947 

original cartons! 

PORTABLE D.C. VOLTMETER 
ROLLER -SMITH "STEEL SIX" (see illustration) 
DUAL RANGE 0-15 and 0-150 volt D.C. Accu- 
racy within !/Z of 1%: Hand Calibrated Mirror 
scale 5.18" long with 150 scale divisions; 
Knife edge pointer; magnetically shielded; 
100 ohms per volt movement; Dimensions 
6"x6"x4". List Price $48.00 ONLY $21.00 

F. O. B., N. Y. 

ROLLER -SMITH CO 

PORTABLE D.C. VOLTMETER 
WESTON MODEL 45 DUAL RANGE 0-30 and 
0-300 volt. Accuracy within 1 of 1%; Hand 
Calibrated Mirror scale 5.18" long with 150 scale divisions; Knife edge pointer; mag- 
netically shielded; 100 ohms per volt move- 
ment, Hardwood carrying case 8"x8"x43/4" 
with hinged cover. List Price $68.00 

ONLY $31.00 
F. O. B., N. Y. 

PORTABLE D.C. VOLTMETER 
ROLLER -SMITH TYPE NPD, see illustration, 
DUAL RANGE 0-30 and 0-300 volt D.C. Ac- curacy within 1:3 of 1%; Hand Calibrated 
Mirror scale 5.25" long with 150 scale divi- 
sions; magnetically shielded, 100 ohms per 
volt movement; Hardwood carrying case 
B"x8"x51/2" with hinged cover. List Price 
S68.00 ONLY $31.00 

F. O. B., N. Y. 

If substitutions are accept - 

free circular. 
336 Canal St., New York 13, N. Y. 
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RADIO 
& TELEVISION CORPORATION 

War Assets Acitninisfrafion Division 

A FULL STOCK of all POPULAR 

TRANSMITTING TUBES 
Now available fo 

DEALERS-JOBBERS-MANUFACTURERS 
We suggest that you send us your order or ask for 
our price list and if you desire any Tubes which are 
not listed in our Bulletin we will do our utmost to 
procure them for you. 
Majestic meets all your Radio and Electronic requirements 

Whitehall 6710 

MAJESTIC RADIO & TELEVISION CORPORATION 
125 West Ohio Street, Chicago 10, Illinois 

.,,,,I,,,,,,,, ,,, ,,,,,,,,,,,,,,,,,,,,,,,I,,,,,,,, ,,, ,,,,,,,.,,,,,.,,,,,,,,,,,, ,,,, ,,,, ,,, ,,,, ,,, ,,,,,,,,,,,,,,,1,,,1,,,1111111,,,1,,,,1,.,,,,1,,,,,,,,,,111,,,,111,,,,,,11I,,,,I,,,1,,,,,,,. 

SURPLUS EQUIPMENT SALES 

*H.F. Connectors, constant impedance, 
type N, 50 ohms, coaxial; UG21U 75c; UG- 
27U, $1.00; UG58U, 75c; 50239, 50c; 
M359, 50c. 
1/2 ft. -2 ft. length of RG11U cable with 
PL259 coaxial connectors at each end 
51.00. 
*Microwave Generator TS155A/UP, range 
2700-2900 megacycles. pulse modulated 
120-2000 pps, variable pulse width and 
delay, Thermistor bridge, R.F. power me- 
ter for internal and external metering, 9 
tubes, 25" x 151/4"d. 121/2"h, complete 
with connectors, cables and adapters, new 
$160.00. 
*Radar Receiver AN/APR-5A, 1000-6000 
megacycles, 15 tubes, 115 volts, 60 cps. 
compact, new, $150.00. 
Radar Receiver BC 1068 A, 150-210 megacycles, 
permeability tuning individual tuning for the r.f. 
stages, bandwidth 4 mc, 115 volts 60 cps, 14 
tubes, $35.00 
RCA model 154 beat frequency audio signal gen- 
erator, 30-15000 cps good working order $40.00 
3" cathode ray scope, radar Indicator ID-93/APG- 
13A complete with 38P1 and 10 tubes, 110 v. 400 
cps, new $25.00 
Silver button mica feed thru capacitors, threaded, 
500 mmfd 500 volts dc 15c each 
Plate transformer, delivers 4000 volts at 3.25 amps 
DC, tapped to deliver 2000, 3000. 3500 and 4000 
volts dc, Primary 220 volts 3 phase 60 cps. Weight 
800 pounds net, f.o.b. Illinois $125.00 
Westinghouse 31/z" meter, 0.1 ma. white scale 
reading 0-350 volts $4.00 
Landing Indicator meter. 2 meter movements, 210 
microamps each, Westinghouse CAY222316, $5.00 

Write for Bulletin 

ELECTRO IMPULSE LABS. 
SHREWSBURY, NEW JERSEY 

High Fidelity Magnetic 
WIRE AND TAPE RECORDERS 

Model II records 30 to 11,000 C.P.S. Model 14 
records 30 to 14,000 C.P.S., up to 4 hours con- 
tinuous recording. Recording cost lc per hour. 
Records, erases, plays back. Use standard wire 
and tape always available. Model 11, $149. Model 
14. $189. COD. 10% deposit. Also 4 lb. Pocket Wire 
Recorder, works anywhere. 

SOUND RECORDING STUDIOS 
P.O. Box 363, Hoboken, New Jersey 

SHEET METAL MACHINERY 
NEW and Used - Brakes - Shears 

Forming Rolls - Folders - Punches - 
Di -Acro, Pexto, Niagara & Whitney Equip- 

ment 

B. D. BROOKS CO., INC. 
Han. 5226 

361 Atlantic Ave., Boston, Mass. 

WANTED 

WANTED 
To purchase or license patents 
on patentable ideas on 
Transformers. 
Particularly interested in ideas 
pertaining to Transformers and 
reactors for use with fluores- 
cent lamps. 

Advance Transformer Company 

1122 W. Catalpa Avenue 
Chicago 40, Illinois 

WANTED - - 
RADIO -ELECTRONIC SURPLUS 

TUBES-COMPONENTS 
OF EVERY DESCRIPTION-ANY QUANTITY 

W-303, Electronics 
330 West 42nd St., New York 18, N. Y. 

When you 

WANT or 

OFFER 
EMPLOYMENT 

EQUIPMENT 
(Used or Surplus New) 

PRODUCT 

CAPITAL or 

PLANT 

"OPPORTUNITIES" 

Use the 
SEARCHLIGHT 
SECTIONS of 

Me following McGraw - Hill 
Publications to contact man- 

agement, sales, engineering 
and operating executives in 

the industries they serve: 

Air Transport 
American Machinist 
Aviation 
Aviation News 
Business Week 
Bus Transportation 
Chem. & Met. Engineering 
Coal Age 
Construction Methods 
Electrical Contracting 
Electrical Merchandising 
Electrical World 
Electronics 
Engineering & Mining Journal 
Engineering News -Record 
E. & M. J. Markets 
Factory Man. & Maintenance 
Food Industries 
Power 
Product Engineering 
Textile World 
Welding Engineer 

"SEARCHLIGHT" 
is NATIONAL 

Classified Advertising 

Classified Advertising Division 

McGRAW-HILL PUBLISHING CO., INC. 

330 W. 42nd St., New York 18, N. Y. 
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NEW GUARANTEED 

G&P caps NATIONAL !'á & 3/g'; 50 for $1.00 
G&P caps ALDEN INSLDT 9/16"; 20 for 1.00 
EXT CORD HVY DUTY SJ 16', M&F PLUGS 1.00 

OSCILLOSCOPE 3" KIT 3BP1 Includes Trust 
115V. 60 cy Pri, 375VCT/110ma, 1320V/ 
Sma. 5V/3A, 2.5V/3.25A, 6.3V/2.75A, 
3BP1, 5Y3G, 2V3G Tubes CONDRS, CHOKE, 
RESIST, LOW&HV SUPPLY NEW GTD-THOR- 
DARDSON NAVY PARTS. SPECIAL $16.95 

GE TRANSFORMERS 115/60cy Pri HV í0s1 
4000V/2ma Shielded Navy C'Ray cased $3.95 
Fil 6.3/2A, 2.5V/1.75A Shielded HV 3.00 
PRI TRANSF 230Vinput, 117/112/103/ 

93V/7A 19.95 
AutoTranst 115/160/170/180V/1.95A 295 
TRANSF GE cased 90/80/70V/1)1MP 2.95 
6.8V-4V/10A, 6.5V/6A, 5V/3A 3.95 
TRANSF 750 VCT/220ma GE cased 3.25 
COLLINS 115&230V/50.60cy Pri. 16.6V/ 

1.25A, 12.6V/3.5A cased HVinsl mfg 3.95 
Dual 6.3V/.3A, 7V/14A, 5V/6A, 5V/3A 3.95 

Raytheon 
866A filament 
transformer 
11 5 V 60Cy 
PRI 2.5VCT 
11A sec and 
Two New GE 
866A tubes.. 
$5.90 with In- 
sltd caps & 
224 sockets 
$7.00. Ray- 
theon Trans- 
former only 
$3.25. Com- bination 8121 Rectifiers, T: an former & Sockets 

now 
' $12.00 

l'AMED Chokes I0Hy/150tna, 2 for $3.25 Ouucrr UTC Chokes. I']ate hulled, 2 for. 1.00 
WE Ulmcer Minl'l'/ to PP/G Riff iupt $1.20 

CHOKE cased 50Hy/150ma HV insltd $2.50 
CHOKE cased 15Hy/30ma HV INS .75 
CHOKE cased 5HY/125ma HV INS 1.25 
CHOKE cased SHY/225ma Two for 3.95 
TRANSF 117V/50cy Pri: 10V/35A 2.5V 

10A, 6.3V/2A. 5V/3A & 760 VCT Cased 6.95 
TRANSF 115./60cy 10V 26A, Dual 2.5V/5A 

& 772V/70ma 5.95 
WE INPT & PP Driver transfs 6V6/805 6.9.5 
KENYON DYNAMIC MIKE TO GRID HIFI 1.95 
Transf Hmtclly cased on 50/800cy-115V, Sec 1000VCT 300V/110ma. 6.3V/5V/3A, Three 6.3V/.65A, 6.3V/1.25A & H'cased chokes 10 Hy/110ma. & Two oil condsrs 3mfd-33VAC 

DC 
GE r &yó0 tube 

$ STANCOR 2100V10ma 'Ra casedIkt i 5.95 IJTC OUNCER MIN DYNAMIC MIKE TO G. .75 STANCOR CASED 6.4V/12A, 6.4V/10.6A, 5V/ 
3A, 5V/3A HV insl 4.95 

10' , ii.e, 1 150e 200e 40,,1, .4301,0* 5000 5100 7003 - 7050s 10000 15000 17000300001 50000 45000 1600500 130000 729000 147000 1500700 201000 229000 
' 

SPECIAL250000 
000 

Precision Wire Wound Resisto$rs1.00 
SHAI.LCROSS, MEPCO, INST RES. CO., OMIIITE FOR METERS, BRIDGES, AMPLIFIERS. 
25000 294000 314000 333.500 353500 400000 402000 422090 458000 478000 THREE FOR 81.53 500000 600000 700000 3 for $1.95 

1 MEGOHM 1%, accy. 
SPRAGUE IOMeg TenKV MEGOMAX MFA1,$1.75 SPRAGUE 121/íeg 12KV MEGOMAX MFA1 1.95 
ERS w'\V{,0f17r H'metrl ly Scaled Navy Resisters 5241 1.69 

WRITE FOR OTHER SIZES FROM STOCK 

STANCOR 6.3V/1.6A, 2.5X/1.75, 2.5V/1.79A $3.95 
1OLLINS 210-230V/50-60ey, SEC 2.5V/15A 4.95 
Trans LINE TO LINE 500, 333, 250, 200. 125 

50 ohms a 1DB Cased Thermador mfgr.,,, 1.95 
IIAYTHEON CASED TRANSF 84OVCT/110ma, 

540VCT/21ma, 5V/3A, 5V3A, 6.3V/lA, 6,3V/ 
6A, 115V/60cy Pri & Two 1O1.1y/110ma 
Ilmt'eIy cased chokes & oil condsr Two 2.5& 
Scold 600 WVDC & RK60 RECT Tube 9.95 

Pulse Trans 0.4MUseo Horiz BTO Tel $1.49 
VIDEO-TRANSF Raytheon Television 1.95 
I 'else Trans Sum sec BTO Tel 1.95 
VIBRAPACK & STORAGE BAT NEW WIL- 

LARD 4V/40AH OUTPUT 156V/30ma, 3V/ 
375ma, 1.5V/200 ma, 7.5V/20ma, Navy 
manual new complete. "TBY" $9.95 

TBY VIBRATOR & CK1005 Rect tube 2.50 
WESTON-GE-10 Plus 6DB, 500/600 ohmL 3.95 
GE DN1 Min 11/2" MTR One ma/100 ohms 2.95 
GE METER 21/2' B'C One amp RF 3.95 
GE METER 21/2" B'C Five amp RF 3.50 
GE METER 21/2" B'C One milliamp 2.95 
CRYSTAL ACTIVE OSC's HAM FREQS4 for. $3.00 
Hi -Imp S.C. Headsets with 8'ft cord & plug 3.25 

eeTA6» 

That's A Buy 

GR VARIAC 200CÚ/860 WATT $14.95 
TRANSTAT 88 to 132V/18.2A-110V -29.50 
IF's 71/2mc's, stagger tuned, 3mc's band 

width VIDEO TELEV IF's, 7 UNITS.. 6.95 
POWER SUPPLY RELAY PACK TELETYPE 
SYSTEM, Variable inpt 115V/230V-50, 
60cys, Output 0.4 amp., 115VDC, Ripple 
0.5%RMS-Outrpm up to 1.5 amp. DC 
W. E. - KS5825 - SELENIUM RECTIFIER 
SUPPLY 25.00 
NAVY SP3" SYNCHROSCOPE NEW COM- 

PLETE 59.50 

S.C. Key with 6' Rubber cord & PL55 plug .75 
RESISTOR VIT 1750 ohm 25 watt. lap al 

7500. 3 for 1.00 
RESISTOR VIT 10,000 ohm/40 watt. Two for 1.00 
KURMAN 1,000 cy HUMMER OP 6/8VDC .97 
CRYSTAL STD 2001(C±10cys Octal Vacuum 5.95 
HAYDON SYNC MOTOR 12V/60cy 2 for 1.49 
CHOKE GE 0.5Hy/lAmp. 4 for 1.98 
TRANSF OUTPT 6V6PP/LINE/10 Watts 1.49 
TRANSF LINE TO VOICE COIL CASED 1.20 
COMBINATION PP OUTPUT & LINE TRANSF. 2.49 
MICROPHONE T17 (L.N.) & Cord plug 1.39 
NEON V4/GT siglite dual tel plug. 3 for 1.00 
DAVEN ATTNTR "T" 600/600 ohm 30DB/10 4.95 
DAVEN ATTNTR "L" 5,000 ohm 60DB/10 nos. 1.45 
DAVEN ATTNTR "POT" 50.000 ohm 60DB/30 4.95 
DAVEN 13CKT SWITCH 2SPDT/3SPST/SP3P .79 
CONSTANT IMP ROTARY BEAM COUPLER 3.95 
VOM ELECTRONIC SC 1-107F COMPLETE 24.60 
CONDENSER KIT Silver&MicaConds. 50 for 2.00 
RESISTOR KIT BT 112 & 1 watt, 50 to 2 

megohm. 100 for 2.50 
CONTROL KIT ABJ 50to2meg. 10 for 2.50 

NEW SELSYNS 

TYPE XXI AC 

SYNCHRONOUS AC 
REPEATER 115V 60 
cy-Made for Gunfire 
control - Guaranteed - Ordnance Insp. - 
Hi -accuracy - Con- 
tinuous duty -Packed 
for overseas shipment, 
complete with Insp. 
Calibration report. 
Per pair $7.95. 

W. E. DYNAMIC MIKE 20' CABLE & STD $9.95 
WALK IE TALKIE DYNAMIC MIKE & TRANS 1.95 
LS -3 HVI-DUTY PM SPKR & CASE * (L.N.).4.95 
SYLVANIA 1N34 GERMANIUM CRYSTALS...1.39 
W. E. CRYSTALS boxed 1N21-22-23, 3 for 1.25 
W. E. CRYSTAL boxed new 1N26 UUHF/1CM .54 
LITTLEFUSES 250ma/3AG (LP.25), 48 for. 1.00 
LITTLEFUSES 4Amp/120V (LP.15). 50 1.00 
LITTLEFUSES 200ma/8AG (LP. 15). 50 for 1.00 
FUSE ASSMN'T 300 BUSS & LITTLEFUSE 3.95 
GE DOOR Interlock safety switch. 2 for 1.38 
Micro -MU Switch Leap SPDT 15A/125V. 2 for 1.08 
EDISON TIME DELAY RELAY 115V/10Amp. 1.49 
WE 509 HEADSET & 8' CORD & PLUG new. 4.95 
POWER RHEOSTATS 25 Watt -400, 500. 

2,500, 25,000 ohm, four for 3.00 
POWER RHEOSTATS 50 Watt/8, 60, 100, 

225 ohm. 4 for 3.96 
82913 '3E29 Boxed Gtd new $2.90 
3BPI BOXED JAN new Gtd & socket 2.99 
5BP1 or 5CP1 new Gtd 3.95 

2C26 Boxed new 10 Watts UUHF 2 for -$1.50 
954 Boxed new Gtd@50c Five for 2.00 
6AK5 Boxed new Gtd @$1 Ten for 8.90 
6AG5 Boxed new JAN @81c Ten for 7.49 
2050, 2X2, RK60/1641, 6SL7, 1E7G @ 1.25 

35L6, 50L6, 3525, 12Sß7, 12SH7 Two for 31.80 
WE 717A DOOR KNOB tube new Two for 3.85 
WE 703A UUHF DOOR KNOB tube new 5.95 
MAZDA #323 3V/190ma (LP $1.85) for for 1.00 
MAZDA #49 Min bay 2V/60ma, Ten for,, 1.00 
Neon Glo-lamp NE15 & 51, 1/25 Watt Ten for .80 
MAZDA #44 Min bay 6.3V/250ma Ten for ,75 
WESTON 15VAC Meter 3" SQ 476 4.25 
GE 2.5 & 25ma zero ctr Galvo 31/-1" B'C 3.95 
SOCKET OCTAL AMPHENOL 78ST, 25 for 1.50 
SOCKET MAGINAL CERAMIC 49-SS11L .49 

$2 Min- order FOB N.Y.C. Add Postage all orders 
and 25% deposit. WOrth 2-7230. Send for catalog 
300. Specialists In International Export, School, Col- 
lege & Industrial trade. Money Back Guarantee. 

ELECTRONIC PARTS 

RCA 808 JAN -CRC NEW Gt'd ' Fil 7.5V/4 Amp, Plate 1503V/ //. 
200 Watts Rated 140 Watts out- V' put each "UHF" (List $7.75) 
"TAB" price $2.75W Two for 
$5. 
IND. BOXED 1625 (S'807) 
2 for $1.30 
446A/2C40 LIGHTHOUSE 2.85 
807 JAN GTD NEW 2 for 2.00 
:104TL GTD NEW 2 for 7.81 
955 JAN GTD. 2 for 1.44 
8721 JAN GTI) New & Socket. 2 for 
S66A JAN GTD new & socket. 2 for 
3B24 IIV RECTIFIER 2000V/60ma 

5 75 
2.00 
3.00 

2V3G JAN 11V RECT 16500V ($3.40).2 for $1.50 
6ÁL5 BOXED New GT'D. 3 tor 2.25 
6I16, 314, 6C4 JAN GT1) 68c@. 2 for 1.25 

for 1.25 
6SA7, 6138G, 6SN7, 6J6, 6V6, 9006. @ .84 
6AG7, 6SQ7, VR105, V11150. 2 for 1.60 
5Y3GT Rectifier new gtd 59c@. 2 for.., 1.00 

956, 957, 958A, 959 & SOCKET each .90 
6J4 JAN Gtd, Two for $2.98 
805 or 845 JAN & sockets. Two for 8.95 
5BP4 JAN & sockets. Two for 6.49 
VT127A new & connecters. Two for 5.98 
Wstghse Rectox FW 12V/1.25 amp 3.40 
WSTGHSE DUAL AN IND 200microamp 4.50 
Vacuum Relay Switch 15000V/10 Amp 3.95 
CONTACTOR 4PST-N.0/30amp/250V Cutler H 4.95 
GE -3" B'C 150VAC METER RD NEW 4.95 
ELECTROLYTIC 500mfd/60WVDC. Two fur $1.00 
ELECTROLYTIC INCCO Smfd/150WV 4 for 1.00 
ELECT SPRAGUE 25mfd/300WV, 3 for 1.25 
ELECT CD 20/20mfd-450WVDC 2 for 1.50 
ELECT 80 & 12 & l0mfd/150WVDC 3 for 1.49 
20&10mfd/350V 5mfd/300, lOmfd/25V .65 
Volume Control switch CTS 50,000 ohm 2 for .98 
Volume Control with switch CTS lmeg. 2 for 1.04 
Pilot Light 1" & neon bulb 115V. Two for 1.49 

EICOR DC DYNAMO- 
TORS NEW Gt'd overseas 
Packed ANinsp Iii -eft in- 
put 12V/SA or 24V/4A, 
output 275V/1l0nla & 
12V/3A. SPECIAL 
EACH UNIT $1.95 OR 
Botts units (2) with fil- 
ter $3.49: Wgt. 9 lbs.; 
7 ^ L x 27%e"H x 434'W. 
Each unit conservatively 

rated. Can be used on 6V. ALNICO Field. 

CONDSR OIL lOmf(1/500WVDC 12/3/2.5 & 5 
mild). 2 for $2.50 

CONDSR OII. 20mfd/600WVDC 11-2-4-5-Smfd 
Aerovox & bracket. 2 for 4.95 

CONDSR GE PYR 3mfd/3301AC/1000WVDC, 
for 2.50 

CONDSR CD DYK 4mfd/330VAC/I000WVDC 
2 tor 2.98 

CONDSR AVX & WST 2mfd/2000WVDC. 2 
tor 4.25 

CONDSIt AVX & WST 3mfd/2000WVDC. 2 
for 5.00 

UTC TRANSF 115V/60 cy pri. 480VCT/50ma, 
6.3V/3A 1.95W, Two $3.50. 10 for 15.00 

UTC LINE AUTOFORMER LVM-11/30 watt 
up to ten 500, 250, 167, 125, 100, 83, 
71, 62, 50, ohm line 3.95 

UTC 8Hy/200ma/130 ohms cased. 2 for 3.50 
UTC 6L6 3,800 ohm CT 18/45 Watt, SEC 

2.5, 6.5, 15.5, 62, 250 ohms Hi-Fi 3.95 

UTC-PP/P PP/G 1:1 Radio cased $1.95 
UTC-CHOKE 250ma/2Hy & 2Hy cased 1.95 
UTC-CHOKE 18Hy/50ma cased 1.00 
TRANSF & CHOKES UTC-115V/60 cy, 

3.200VCT & tap 1,560VCT/200ma & 2 
chokes & 2/2mfd 2,000WVDC Condsrs 
& 866A's & Transf 28.95 

TRANSF 14 or 20V/8A-210 to 240 V,' 4.95 
Transf 1,200VCT/3500m, Pri 105-120V, 6.95 
TRANSF CASED Pri 105 to 250V'50- 

60 cys, SEC 2240VCT/500ma, 12V/ 
14.5A, 19.2V/2.5A, 2.5V/10A, 30V/50 
ma, Wgt 50 lbs 11.50 

Transf & chokes cased 500VCT/60ma, 6.3V/ 
4A, & choke 14 hys & two 8mfd/450V Elect.$4.95 

Condsr GE Pyr 15mfd/330VAC/1000WVDC.-$2.95 
Condsr GE Pyr 28mfd/660VAC/2000WVDC. 9.90 
Condsr CD DYK 2mfd/5000WVDC. Two for 14.50 
ELECTROLYTIC 20 & 40 mfd/350VDC. 3 for 1.50 
ELECTROLYTIC 25mfd/25OVDC. 3 for 1.25 
ELECTROLYTIC 2000mfd/5VDC. 3 for 1.49 
ELECTROLYTIC 25mfd/400VDC. 4 for 1.98 
ELECTROLYTIC KIT assmn't Gtd. 25 for, 9.98 
SOCKET KIT 25 Asst'd Ceramic mica B etc 82.35 
Navy Sea Trunks *L.N- 22 x 16 x 12" fibre 3.00 
WESTON 796 OAK Case 8%4" SQ-2 Comp.. 4.50 

Dept. 3E, Six Church Street, New York 6, N. Y., U.S.A. "TAB" 
CORNER CHURCH & LIBERTY STS ROOM 200 
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GEN FRALI 

Specialists in the production of highest 

grade Alnico Magnets. 

Production and material rigidly inspected 

to assure highest uniform quality. 

Castings made to order from customer's 

blueprints or sketches. 

Information and suggestions supplied on 

request. 

Manufacturers of High Coercive Magnetic Alloys 

10001 ERWIN AVENUE 
DETROIT 5. MICHIGAN 

MAGNETIC CORPORATION, 

PERMEABILITY 
TUNERS 

SUPERHETERODYNE 

TUNERS 

o 
535 to 1660 KC Complete 

3 Color Dial and Drive 

All units Pre -Tracked at Factory 

AERMOTIVE 
EQUIPMENT CORP. 

1632 Central St. Kansas City, Mo. 
New York Office 
H. BRAVERMAN 

161 Washington St. N. Y. 6, N. Y. 

e . 
Solves the Problem of 

Mailing List Maintenance 

Probably no other organization is as 
well equipped as McGraw-Hill to 
solve the complicated problem of 
list maintenance during this period 
of unparalleled change in industrial 
personnel. 

McGraw-Hill Mailing Lists cover 
most major industries. They are com- 
piled from exclusive sources, and are 
based on hundreds of thousands f 
mail questionnaires and the reports 
of a nation-wide field staff. All names 
are guaranteed accurate within 2%. 

When planning your direct mall 
advertising and soles promotion, con- 
sider this unique and economical serv- 
ice in relation to your product. Details 
on request. 

?Rude, 
. . 

us 

Mc G RAW -H I LL 
DIRECT MAIL LIST SERVICE 

McGraw-Hill Publishing Co., Inc. 
DIRECT MAIL DIVISION 

330 West 42nd St., New York, Iß, N. Y 

%v. 

"TNAT's 

fOR M f7 
That's just exactly what the man said. 

You've probably said it, too - as you 

leafed through the advertising pages of a 

current issue of THIS magazine. 

It happens all the time - to e'. e_ man 

who is on top of his job. 

Why? Because he keeps a weather eye 

out for the things that promise a better, 
faster, more economical way ,f doing 
something. 

He knows that America's leading man- 

ufacturers take the newest and best of 
their products and services to market in 

the advertising pages of the business and 

industrial magazines that help him keep 

on top of his job. And if it's for him he 
wants to know what makes it tick. 

To keep in touch with 
the parade 

READ THE ADS. 
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Accurate Spring Mfg. Co. 4 
Acheson Colloids Corporation 27 
Acme Electric Corporation 230 
\cro Electric Co 276 

Advance Electric & Relay Co. 257 
Aermotive Equipment Corp 290 
Aircraft Radio Corp 58 
Alden Products Co 274 
All American Tool and Mfg. Co. 176 
Allen-Bradley Co. 31 
Allen Mfg. Co 274 
Alliance Manufacturing Co 37 
Allied Radio Corporation 240 
Allied Recording Products Co. 252 
Altec Lansing Corporation 177 
American Condenser Co. 252 
American Lava Corporation 65 
American Phenolic Corp.. 46 
American Screw Company 235 
American Smelting and Refining Co., 

Federated Metals Div 199 
American Television and Radio Co. 262 
American Time Products, Inc. 160 
Amperex Electronic Corporation 7 
Amperite Company 259 
Anaconda Wire and Cable Co. 197 
Andrew Co. 202 
Ansonia Electrical Div., of Noma Electric 

Corp. 61 
Arnold Engineering Co. 16 
Art Wire & Stamping Co 277 
Astatic Corporation 67 
Atlas Sound Corp. 74 
Audak Company 291 
Audio Devices, Inc 18 
Automatic Mfg. Corporation 221 
Automatic Signal Div., Eastern Industries, 

Inc. 263 
Avimo, Ltd 267 

Baer Co., N. S. 240 
Ballantine Laboratories, Inc. 188 
Barone Co., S. A. 280 
Beaver Gear Works, Inc 192 
Bell Telephone Laboratories 217 
Bentley, Harris Mfg. Co 32 
Bird Electronic Corporation 282 
Blan 269 
Blaw-Knox Company 156 
Boonton Radio Corporation 
Bradley Laboratories, Inc. 

Brand & Company, William 
Brook Electronics, Inc.. 
Brush Development Co. 
Bud Radio, Inc. 
Buggie and Co., H. H 
Burlington Instrument Co 
Burnell and Co 

66 
244, 268 

185 
172 
76 

256 
260 
250 
180 

Callite Tungsten Corporation 43 
Cambridge Thermionic Corporation 268 
Cannon Electric Development Co. 186 
Capitol Radio Engineering Institute 269 
Cellusuede Products, Inc. 250 
Central Paper Co., Inc. 176 
Centralab, Div. of Globe -Union, Inc... 28, 29 
Chatham Electronics 36 
Chicago Transformer Co 49 
Cinch Manufacturing Corporation 135 
Clare and Co., C. P.. 45 
Clarostat Mfg. Co., Inc. 218 
Cleveland Container Co 237 
Clippard Instrument Laboratory, Inc. 281 
Cohn & Co., Sigmund 236 
Collins Radio Company 209 
Colonial Electric Products Co. 278, 279 
Columbia Wire and Supply Co. 254 
Communication Measurements Laboratory, 

Inc. 253 
Concord Radio Corporation 251 
Condenser Products Co. 225 
Consolidated Molded Products Corp 52 
Continental -Diamond Fibre Co 181 

Cornell-Dubilier Electric Corp. 69 
Cornish Wire Company, Inc. 224 
Cross Co., H. 281 
Crystal Research Lab's, Inc. 256 

Daven Company Inside Back Cover 
De Mornay Budd, Inc. 151 
Deutschmann Corporation, Tobe 2 

Dial Light Co. of America- Inc.. 275 
Dixon's Typhonite ELDORADO Pencils 16B 
Dow Corning Corp. 234 
Driver -Harris Company 63 
Dumont Electric Corporation 8 
Dumont Laboratories. Inc.. Allen B 68 

Eastern Air Devices. Inc 30 
Eastern Electronics Corp. 164 
Editors and Engineers. Ltd. 281 
Eisler Engineering G" 275, 281 
Eitel -McCullough, Inc. 75 
Electric Indicator Co ........... .. 250 
Electrical Insulation Co.. Inc. 269 
Electrical Reactance Corp. 198 
Electro Motive Mfg. Co 191 
Electro Products Labs /65 
Electronic Measurements Co. 270 
Erco Radio Labs 191 
Erie Resistor Corporation 195 
Essex Electronics 292 

Federal Tel. & Radio Corp. 20, 21, 47, 187 
Fenwal, Inc 205 
Ferranti Electric, Inc 60 
Franklin Airloop Corp. 183 
Franklin-Fibre-La mite x Corp. 178 
Franklin Mfg. Corp., A. \X' 59 

Garrard Sales Corp. 227 
Gear Specialties 41 
General Aniline and Film Corp 12, 13 

General Cement Mfg. Co. 281 
General Electric Co. 

Apparatus Dept. 50, 51 
Appliance Dept. 241 
Chemical Dept. 145, 215 
Electronics Department ..33, 64, 163, 257, 

264, 272 
General Industries Co. 158 
General Magnetic Corporation 290 
General Plate Div. of Metals & Controls 

Corp. 165 
General Radio Company 247 
Glaser Lead Co., Inc. 222 
Goat Metal Stampings, Inc. 263 
Goodrich Chemical Co., B. F. 244 
Gothard Mfg. Co 258 
Gramer Co. 254 
Graphite Metallizing Corp. 265 
Graybar Electric Co. 238 
Guardian Electric Mfg. Co. 139 

Hammarlund Mfg. Co., Inc. 6 
Handy and Harman 266 
Hardwick, Hindle, Inc. 168 
Harvey Radio Company, Inc. 248 
Harvey Radio Laboratories, Inc. 149 
Hathaway Instrument Co 226 
Haydon Manufacturing Co., Inc. 214 
Hermetic Seal Products Co. 248 
Hewlett-Packard Company 55 
Holliston. Mills, Inc 233 
Hopp Press, Inc. 168 
Hytron Radio & Electronics Corp. 10 

Illinois Condenser Co. 238 
Imperial Tracing Cloth 259 
Indiana Steel Products Co. 147 
Industrial Transformer Corp. 270 
Instrument Electronics 276 
Instrument Resistors Co 261 
Insulation Manufacturers Corp. 72 
International Resistance Co. 143 

This high voltage R F power 
supply coil is designed to be 
used in a power supply circuit 
to supply anode voltage for 
television Kinescopes. 

2 circuits available 
10,000 VOLTS 
30,000 VOLTS 

Engineering data or consulta- 
tion service on use of coils are 
available. 

IMMEDIATE DELIVERY 
ON SAMPLE QUANTITIES 

qi ii; -- .- 
BERKELEY HEIGHTS, NEW JERSEY 
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AUDAX has mastered wide -range 
so thoroughly that, today, even the 
lowest priced MICRODYNE has a 
range to 7000 cycles-(other models 
over 10,000 cycles). True, - wide - 
range makes for naturalness but, 
-it is highly objectionable if with- 
out quality. For example, of two 
singers, each capable of reaching 
high C, one may have a pleasing 
voice-the other, not at all. It is 
the same with pickups. To achieve 
EAR -ACCEPTABILITY, all other 
factors must be satisfied. Of these, 
VIBRATORY -MOMENTUM is most 
important. The only way to test 
EAR -ACCEPTABILITY of a pickup 
is to put it to the EAR -TEST. The 
sharp, clean-cut facsimile perform- 
ance of MICRODYNE - regardless 
of climatic conditions-is a marvel 
to all who know that EAR - 
ACCEPTABILITY is the final 
criterion. 

Audax 
R i':LArEn-FLUX 

TRADEMARK 

Send for complimentary copy of 

"PICK-UP 
FACTS" 

AUllAK COMPANY 
SOO Fifth Avenue, 

New. York 18 

"Creators of Fine Electronic -Acoustical 
Apparatussince 1915" 

Jelliff Mfg. Corp., C. 0 261 

Jensen Manufacturing Co 23 

Jones Div., Howard B., Cinch Mfg. Co 280 
Johnson Co., E. F 42 

Shure Brothers, Inc. 
Sigma Instruments, Inc. 
Sillcocks-Miller Co. 
Simpson Electric Co 
Slater Electric and Mfg. Co., Inc. 

166 
242 
257 
173 
271 

Kahle Engineering Co. 281 Sola Electric Company 171 

Karp Metal Products Co., Inc 39 Solar Mfg. Corp. 15 

Kay Electric Co. 267 Sorensen & Company, Inc 174 

Kenyon Transformer Co., Inc 273 Sprague Electric Co. 159 

Kester Solder Co. 216 Stackpole Carbon Company 57 

Keuffel & Ewer Co. 3 Standard Arcturus Corp 265 

Kinney Mfg. Co. 190 Standard Pressed Steel Co 223, 279 

K -V Transformer Co. 11 Star Expansion Products Co., Inc 271 
Star Porcelain Company 273 
Stevens -Walden, Inc 260 

Lampkin Laboratories 281 Sun Oil Co 16A 
Langevin Company 53 Steward Mfg. Co., D. M 250 
Lapp Insulator Co., Inc. ,... 19 Struthers -Dunn, Inc. 62 
Linde Air Products Company 254 Sun Radio & Electronics Co., Inc. 281 
Littelfuse, Inc. 40 Super Electric Products Corp. 153 
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DAMEN tNtiERIN 
AGAIN BRINGS YOU A NEW AND Vea ATTENUATOR 

In keeping with our policy of continually improving our products, we 

have developed a new and better design for the mechanical construc- 

tion* of our attenuators. In addition to improved standard features, the 

latest Maven units offer a choice of mountings and an optional ground 

lug. Dimensions of the new type attenuators make them interchange= 

able with preceding models. 

IMPROVED FEATURES 

A non-ferrous can with an attractive finish. ) Good electrical contact is assured between the front of the 

unit and the back cover. 
A dust-pLoof housing which provides total shielding. All fibre and other moisture absorbing parts have been 

A two piece can with a positive lock, which is constructed eliminated. 
so that the dust cover can readily be removed with one ) A ground lug on the shield may be supplied, if required. 
hand. No more screws or knurled nuts to strip, misplace Two hole mounting is standard on the new type units, how - 
or drop. ever single hole mounting may be secured. 

50% less space is required than heretofore to remove the ) A roller type detent, as shown above, replaces the former 
new shallow dust cover, thus permitting the unit to be ball and spring mechanism. Advantages of the roller detent 
mounted in a smaller space than formerly. are longer life and more positive action. 

IN O 

`Patent Pending. 

%SHALLOW COVER 
GROUND LUG SINGLE HOLE MTG. 

May we suggest, when purchasing speech input equipment, that you specify DAVEN CONTROLS. 

DAVEN 
E 

N E W A R K 4, E..W. _.JE_R S E 
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FEATURE NEW DESIGNS - 
IMPROVED PERFORMANCE 

These new RCA cathode-ray tubes comprise a line of popular 
screen sizes, and incorporate advanced design features that 
set new performance standards for tubes of their size. They 
offer designers of oscillograph equipment the following im- 
portant advantages: 
I. Higher deflection sensitivity. 
2. Sharper focus both at center and at edges, when beam current 

is varied over wide range. 
3. Higher contrast screens. 
4. Zero first -anode -current gun permits use of low -current voltage - 

divider and smaller filter capacitor. 
S. Separate base -pin connection to every defle-sting electrode, 

heater, and cathode permits operation with balanced deflection 
and with separate connections to heater and cathode. 

6. Balanced deflecting -electrode input capacitances minimize 
cross -talk and dispense with necessity of neutralizing. 

7. 3JP7 has an extra anode providing maximum screen brightness 
with minimum sacrifice of deflection sensitivity. 

S. 5U -series and 3KP1 may be used interchangeably with the 
same power pack and deflectiotwipltages. 

The P1, P7, and P11 screens of the new cathode-ray tubes 
differ in their spectral -energy emission and persistence char- 
acteristics. The P1 phosphor is especially useful for general 
oscillographic work requiring high brightness and medium 
persistence. The P7 phosphor is a cascade -type of particular 
interest for radar and similar applications requiring long 
persistence of the order of several seconds. The P i i phos- 
phor is excellent for photographic work and has sufficiently 
short persistence to permit its use in moving -film recording 
at all but the very brightest speeds. 

RCA Tube Application Engineers will be pleased to consult 
with you on the application of these or other RCA tube types. 
If you desire this service, or complete technical data on the 
cathode-ray tubes described, write RCA, Commercial Engi- 
neering, Section R -40C, Harrison, N. J. 
*Not Illustrated 
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